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ABSTRACT
Objective: To study the influence of demographic and organizational factors to antibiotic utilization in
dental implant surgery in Sweden.
Material and methods: Descriptive statistics regarding antibiotic prescription between 2009 and 2019
was retrieved from two national registers, the Swedish Prescribed Drug Register and the Dental Health
register, both administered by the National Board of Health and Welfare.
Results: During the years 2009–2019 a significant decrease of the proportion of prescriptions of sys-
temic antibiotics in conjunction with implant surgical procedures occurred in all patient groups where
the most common procedure was the insertion of a single implant. The proportion of dental visits
when implant surgical treatment was performed which resulted in a prescription of antibiotics
decreased significantly from 1/3 to approximately 1/5. However, comparing Public and Private dental
care providers, the reduction was significantly greater in Public dental care. Patients with low level of
education in urban regions, treated in Private dental clinics were more likely to receive antibiotics in
conjunction to implant surgery compared to other groups. Phenoxymethylpenicillin is the most widely
used substance in conjunction with implant surgery.
Conclusion: There is still room for improvement in reduction of antibiotic prescriptions in conjunction
to implant surgical procedures in Sweden.
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Introduction

The rehabilitation of lost teeth using dental implantation is
today a predictable treatment showing favourable long-term
success rates [1–4]. As a result, the global market for dental
implants during the past 20 years has increased steadily and
its market size was 2019 valued to 4.6 billion US$. By 2023, it
is expected to have reached to about 13 billion US$ [5].
Together with an ageing population with longer life expect-
ancy, surgical implant interventions will most likely continue
to increase.

Since there are still controversial views on the benefits of
perioperative antibiotics/antibiotic prophylaxis in implant sur-
gery, national recommendations in many countries are still
missing or do not include a clear policy on the use of antibi-
otics during implant surgical interventions in otherwise
healthy patients. Despite the publication of a large number
of systematic reviews clinical guidelines that differentiate
between cases and treatments are still missing [6–13].

Attitudes and prescription habits in the use of antibiotics
among dentists performing implant surgery has in recent
years been published showing that the use of a single dose
of preoperative amoxicillin is the most common intervention

although great differences in dosage, compound and dur-
ation of treatment has been found. Although extended
prophylaxis beyond the day of surgery in uncompromized/
uncomplicated cases is considered an outdated approach
recent studies show that this behaviour still is not uncom-
mon [14–16]. Since implant surgery will continue to grow it
is likely to assume that the contribution of antibiotics pre-
scribed by dentists in outpatient care will increase. Therefore,
solid guidelines which in many countries are missing must
be regarded as a major tool in the objective to optimize the
use of antibiotics in dentistry including implant surgi-
cal procedures.

Today the correlation between antibiotic consumption
and the increasing global development of antibiotic micro-
bial resistance (AMR) is undisputed with serious consequen-
ces in medicine as well as in dentistry [17,18]. To counteract
this development a global action plan has been adopted by
the World Health Organization in which one of the most
important objectives is to optimize the use of antimicrobial
medicines in humans [19].

In Sweden, a dental section of the Swedish strategic pro-
gram against antibiotic resistance (STRAMA) was formed in
2007 (STRAMA Dent). In 2011, The Swedish Medical Products
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Agency together with The Swedish Institute of
Communicable Disease Control was given the assignment to
prepare national recommendations of the use of antibiotics
in dentistry.

This action resulted in the publication of national recom-
mendations of both antibiotic prophylaxis (2012), [20] and
treatment of dental infections (2014) [21].

In Sweden, the sales of antibiotics in dentistry have
decreased for several years and have been reduced by half
from 2007. In 2019, Swedish dentists has been shown to
account for around 6% of all antibiotics prescribed in out-
patient care [22]. These positive trends are most likely due to
governmental actions taken during the years 2009–2017
although significant differences can still be found in anti-
biotic prescriptions comparing geographic regions, gender,
and age among patients [23].

Since antibiotic prescription by dentists in connection
with implant surgery may be a notable part of the dentists’
contribution in total antibiotic consumption and differenti-
ated clear clinical guidelines are still missing, this area may
show room for further improvement in the reduction of anti-
biotic utilization.

The aim of the present register-based study was thus to
evaluate factors associated with the utilization of antibiotics
in dental implant surgery in Sweden.

Material and methods

Ethical considerations

Prior to beginning the study an approval was obtained from
the regional ethical committee (ref 2018/1616-31/2) and
complemented with an extension of the time period up to
2019 (ref 2021/01056).

Registers and study population

Data for the study derived from two Swedish national regis-
ters, the Swedish Prescribed Drug Register (SPDR) and the
Swedish Dental Health Register (SDHR), both administered
by the Swedish National Board of Health and Welfare in
accordance with the law on health data registers (1998:543).
Part of the data has been summarized in a report from The
Swedish National Board of Health and Welfare composed by
one of the authors (F.L.) and the other authors acting as
external experts in the report (B.L., M.H. and A.C.) [24].

Accordingly, SPDR hold a national register of all pre-
scribed pharmaceutical compounds, and which are retrieved
by patients from the pharmacies in Sweden since 2005
[25,26]. Each dispatched and from the health and/or dental
care prescribed medication is registered. As of such, the non-
retrieved prescriptions are not included in the statistics.
Furthermore, medical products/compounds directly given to
the patients seeking health care on site are not registered/
covered by the SPDR. However, by Swedish regulation this
accounts for a minimal amount of the total medication con-
sumed. Data on all prescriptions by dentists from the period

2009 to 2019 regarding antibiotic agents, date of subscrip-
tion, type of compound, dosage and duration were collected.

The SDHR started in 2008 and include all dental care sub-
sided by public means. The register hereby accounts for
more than 95% of the dental care given to the adult
Swedish population [27]. Since dental care given to children
and adolescents is not included in the SDHR register the
data collected for this study include all dental care registered
for adults/individuals above 24 years of age during the study
period (2009–2019). All treatments in SDHR are coded which
connect the diagnosis and type of treatment to the econom-
ical subsidising system. This coding system was used to
enable statistics to be performed on treatments with
increased likelihood of being accompanied with an antibiotic
prescription. Consequently, visits regarding any type of den-
tal treatment during the period 2009 to 2019 were selected
for the analyses. For the purpose of evaluating antibiotic pre-
scriptions in conjunction with surgical implant treatments,
procedure codes that identified any type of such implant sur-
gical treatment given were selected during the study period.

Statistical analyses

Descriptive statistics have been performed, using the software
SAS Enterprise Guide 7.1 (SAS Institute, Cary, NC). Non-standar-
dized proportions were compared using t score test. Statistical
significance was set at a p-value level of .05 in all analyses.

Age standardization was applied to alleviate the compari-
son between different regions and years, by eliminating the
differences depending on inequalities in age distribution.
Direct age standardization was calculated based on the total
population in Sweden 2019.

Results

Demographic data

The total number of individuals who received surgical inser-
tion of at least one dental implant increased significantly
with more than 100% during the study period between the
years 2009–2019 (Table 1). The proportional increase of
implant surgical procedures was greatest among the group
of 24–49 years where a more than 6-fold increase in the
number of treated patients was seen during the study
period. In total 37,633 individuals received installation of at
least one dental implant in 2019 compared to 15,657 in 2009
with the majority of individuals treated among the
50–69 years of age. The most common treatment procedure
among individuals in all age categories was the insertion of
a single implant. In 2019, 26,530 single implant procedures
were performed compared to 1254 in 2009 (Table 2).
Notably, it was found that the number of procedures with
the insertion of >4 implants had decreased during the study
period (�19%) and was more pronounced in the age cat-
egory of 50–69 years of age (Table 2).
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Antibiotic prescription in conjunction with surgical
implant procedures

All data were analyzed to evaluate the influence of age, gen-
der, type of caregiver (public or private) and educational
level of individuals in the study population on the proportion
of prescriptions of antibiotics dispensed at implant surgical
treatment visits registered in SDHR and SPDR. Data was fur-
ther evaluated after dividing the dispensed prescriptions
according to geographic residence of individuals in the study
population in relation to regional level of urbanization (i.e.
big city, city town, small town, and rural area). The distribu-
tion of the major compounds of antibiotics used during the
study period was also assessed.

Influence of age and gender

During the years 2009–2019 a significant decrease of the
proportion of prescriptions of systemic antibiotics in conjunc-
tion with implant surgical procedures has occurred in the
study population in all three age categories: 24–49 years
(�12 percentage points), 50–69 years (�8 percentage points)
and �70 years (�8 percentage points), (Figure 1). The devel-
opment in older age (�70 years of age) was also evaluated
by dividing the study population into six age groups
(Table 3). These data showed that the greatest reduction of
antibiotic prescriptions when implant surgical procedures

was performed was found between the years 2013 to 2014
in all age categories except for the oldest age group of
�80 years where this decrease (�17,5%) was seen already
2012–2013. The greatest proportional decrease in antibiotic
prescriptions dispensed of 26,5% was seen among the group
of 40–49 years of age between 2013–2014.

During the study period there was no significant differ-
ence in number of antibiotic prescriptions between men and
women in combination with dental implant surgical proce-
dures. The proportion of dental visits when implant surgical
treatment was performed which resulted in a concomitant
prescription of antibiotics decreased significantly in all age
groups from 1/3 to approximately 1/5 (Figure 1).

Influence of type of care giver (public or private)

When data of number of dispensed prescriptions of antibiotics
at an implant surgical visit were compared between the two
major categories of dental care providers in Sweden; Public
and Private dental clinics, some major differences in the devel-
opment during the 10 years could be observed. Although a
major decrease in prescription rate in all age categories in both
Public and Private dental care occurred between the years
2013–2014, the reduction was greater in Public dental care
which resulted in a greater difference between the two types
of caregivers than before. In 2019 the proportion slightly

Table 1. Demographic data. Number of individuals from 24 years and above in three age categories treated with the insertion of at least one dental implant
during the study period 2009–2019. Data collected from the Swedish Dental Health Register (SDHR) where all dental procedures are coded which connect the
diagnosis and/or type of treatment to the economical subsidising system.

Treatment year

Number of individuals treated with the insertion of �1 implant

Total no of individuals
(% increase since 2009)

24–49 years of age
(% increase since 2009)

50–69 years of age
(% increase since 2009)

�70 years of age
(% increase since 2009)

2009 15657 1288 10037 4332
2010 16,614 (6) 1601 (24) 9647 (�4) 5366 (24)
2011 17,762 (13) 2140 (66) 9770 (�3) 5852 (35)
2012 17,042 (9) 2117 (64) 8905 (�11) 6020 (39)
2013 18,393 (18) 2306 (79) 9252 (�8) 6835 (58)
2014 27,049 (73) 4930 (283) 13,587 (35) 8532 (97)
2015 33,876 (116) 7015 (445) 16,919 (69) 9942 (130)
2016 35,290 (125) 7532 (485) 17,323 (73) 10,435 (141)
2017 34,867 (123) 7370 (472) 16,776 (67) 10,721 (148)
2018 37,773 (141) 8373 (550) 18,169 (81) 11,191 (158)
2019 37,633 (140) 8855 (588) 17,868 (78) 10,910 (152)

Table 2. Number of treatment procedures among individuals from 24 years of age and above in different age categories during the study period 2009–2019
according to Swedish Dental Health Register (SDHR). Data from each treatment category; insertion of a single implant (SI), insertion of 2–3 implants (2–3), inser-
tion of �4 implants is presented.

Treatment
year

All ages 24–49 years 50–69 years �70 years

No of procedures
(% increase since 2009) No of procedures No of procedures No of procedures

SI 2–3 �4 SI 2–3 �4 SI 2–3 �4 SI 2–3 �4

2009 1254 11,484 6297 112 986 545 776 7365 4336 366 3133 1416
2010 2869 (129) 10,732 (�7) 6150 (�2) 524 902 527 1567 6202 3927 778 3628 1696
2011 5630 (349) 8936 (�2) 5789 (�8) 1207 758 541 3098 4851 3474 1325 3327 1774
2012 5699 (354) 8304 (�28) 5475 (�13) 1237 699 538 3005 4227 3151 1457 3378 1786
2013 7218 (476) 8496 (�26) 5220 (�17) 1371 778 577 3726 4110 2900 2121 3608 1743
2014 15,710 (1135) 10,230 (�11) 5524 (�12) 4200 1088 574 7978 4978 3041 3532 4164 1909
2015 21,588 (1622) 13,282 (16) 5494 (�13) 6144 1840 693 11,013 6439 3013 4431 5008 1788
2016 23,102 (1742) 13,788 (20) 5482 (�13) 6680 1960 686 11,674 6491 3029 4748 5337 1767
2017 22,146 (1666) 14,488 (26) 5340 (�15) 6198 2305 757 11,092 6665 2785 4856 5478 1798
2018 25,827 (1960) 14,349 (25) 5485 (�13) 7389 2354 819 12,880 6523 2970 5558 5472 1696
2019 26,530 (2016) 14,267 (24) 5114 (�19) 7822 2567 887 13,089 6380 2698 5619 5320 1529
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increased for Public dental care but there was still a significant
difference compared to Private dental care, for all age catego-
ries (p< 0001). The difference between caregivers were most
pronounced among the age group of 24–49 years in the year
of 2014. Then the proportion of antibiotic prescription in Public
dental care, for that age group, was 12 percentage points lower
compared to the same age group in Private dental care. At the
end of the study period, in 2019, there was still a difference of
9% points. Approximately 17% of implant surgical visits in the
Public dental care among the age group of 24–49 years ren-
dered an antibiotic prescription in 2019 compared to 26% in
the Privat dental care. Throughout the entire study period indi-
viduals in the age group 24–49 years of age were more often
given antibiotics in the Privat dental care compared with indi-
viduals in all age groups in Public dental care (Figure 2).

Influence of educational level

There was a difference of having antibiotics prescribed at an
implant surgical visit by the treating dentist regarding the

individual’s level of education when the level of education
was evaluated by dividing the population into four catego-
ries: compulsory/upper secondary/post-secondary <3 years,
post-secondary >3 years. This difference was most pro-
nounced among the age group of 50–69 years (Figure 3).
Although, a decrease was seen among the 50–69 years for
all educational groups in 2014 the number of prescriptions
among individuals with the lowest level of education (pre-
secondary school) in conjunction with dental implant proce-
dures did not decrease as much as the other educational
groups. In 2019, the proportion with antibiotic prescriptions
was significantly higher among individuals with the lowest
level of education. Among the 50–69 years with compulsory
level of education (lowest) 29% of the implant surgical visits
was accompanied with a prescription of antibiotics compared
to 20% of the visits for the individuals with the post-second-
ary >3 years level of education (highest).

Influence of individuals residence in relation to level of
urbanization

It was shown that it was more likely that antibiotics was pre-
scribed at an implant surgical visit for patients living in a big
city or in a city town when individuals residence was evaluated
in relation to level of urbanization in Sweden (i.e. big city, city
town, smaller town, and rural area). Although a substantial
decline of antibiotic prescriptions in conjunction to implant sur-
gical procedures has occurred in all geographic areas the total
prescription is substantially higher for individuals treated in
urban areas compared to rural regions (Figure 4).

Distribution of major antibiotic compounds used
during 2009–2019

The major antibiotic compounds prescribed at a visit to a
dental clinic in association with implant surgical procedures
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Figure 1. Proportion (%) of implant surgical treatment visits when an antibiotic prescription was despatched by the treating dentist registered in the Swedish
Dental Health Register (SDHR) and the Swedish Prescribed Drug Register (SPDR) during the study period 2009–2019 in three different age categories. Source: the
Swedish Dental Health Register and the Swedish Prescribed Drug Register.

Table 3. Proportional (%) reduction in each year of the study period
2009–2019 of antibiotic prescriptions dispatched at visits to dental clinics
when surgical implant treatment was performed. Individuals divided into six
age categories to clearly illustrate change in older age (70–79 and 80þ).

Proportional change (%) each year

Age categories

Year of
treatment 24–39 40–49 50–59 60–69 70–79 80þ
2009 – – – – – –
2010 �5,0 �12,1 �1,8 2,5 �3,9 �9,6
2011 �9,5 9,0 6,9 4,3 3,7 8,2
2012 7,6 �2,9 �2,0 �4,1 �1,8 1,7
2013 �6,2 0,6 �8,8 5,0 �3,7 �17,5
2014 �15,9 �26,5 �10,8 �15,0 �15,3 �2,9
2015 �3,5 5,2 �8,2 �4,4 �1,7 �8,7
2016 2,8 �8,7 �4,6 �3,9 �3,2 3,4
2017 �9,9 0,8 �0,7 1,6 �3,4 �2,3
2018 4,2 0,0 �5,1 �1,5 �1,7 �4,0
2019 �0,5 �3,1 1,4 �1,8 1,8 �4,7
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Figure 2. Proportion (%) of implant surgical treatment visits when an antibiotic prescription was despatched by the treating dentist in different age groups divided
into the two major care givers in Sweden: Public dental clinics and Private dental clinics.
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Figure 3. Proportion (%) of implant surgical treatment visits when an antibiotic prescription was despatched by the treating dentist among individuals in the age
group 50–69 years of age divided into four educational levels (compulsory/upper secondary/post-secondary <3 years, post-secondary >3 years).
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Figure 4. Proportion (%) of implant surgical treatment visits when an antibiotic prescription was despatched by the treating dentist. Individuals divided according
to residence in relation to regional urbanization (in big city, in city town, in small town, and in rural area).
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were in declining order both in 2009 and in 2019; phenoxy-
methylpenicillin, amoxicillin, clindamycin, metronidazole, and
tetracycline (Figure 4). A significant proportional decrease in
prescriptions was seen for phenoxymethylpenicillin, clinda-
mycin and tetracycline together with a significant increase of
prescriptions of amoxicillin and metronidazole during the
study period (Table 4). Amoxicillin is the only compound
showing an increase proportion throughout the study period.
Between 2009 and 2019 the proportion of implant surgical
procedures with amoxicillin prescribed to the patient
increased with 43%. Although the proportional decrease of
prescription of phenoxymethylpenicillin of 39% occurred dur-
ing the study period this was still the most frequently used
compound in conjunction to implant surgical procedures
(Figure 5).

Discussion

The results of this study suggest that the publication of
Swedish national recommendations of antibiotic prophylaxis
in dentistry most likely have had an important impact on the
reduction of peri-operative antibiotic prescriptions in con-
junction with implant surgical procedures. The decrease fol-
lows a similar pattern as the general reduction of antibiotics
in dentistry in Sweden seen during the past decade which
most likely can be attributed to the governmental strategies
implemented during the same period [22,23]. The major
decrease of antibiotic prescriptions in conjunction with

implant surgery which was seen in 2013–2014 also support
the effect of the publication of the Swedish national recom-
mendations on the use of antibiotic prophylaxis in dentistry
in 2012 [20].

An interesting observation in the present study was the
finding that there was a significant difference in the propor-
tional reduction of number of antibiotic prescriptions in con-
junction with implant surgical procedures comparing Public
dental clinics and Private dental clinics. Although a decrease
in 2013–2014 occurred in both Public and Private clinics the
reduction seen in Public dental care was significantly greater
and more streamlined during the following years 2014–2019.
However, data in the present study, cannot explain the rea-
son for this difference but merely speculate on possible
causes. One plausible reason may be that Public dental clin-
ics in Sweden are organized in the national regions into
larger healthcare organizations (Folktandvården). As such
there is a direct responsibility in the Public dental health
care organizations to work with patient safety issues and
quality management. Extensive resources have during the
past decade been set aside in the Public health care organi-
zations for continuous education of staff and to closely fol-
low antibiotic prescription. Although similar educational
efforts and quality management is found in larger private
care companies, there is still a great number of clinics con-
sisting of 1–2 dentists where the national recommendation
may not be fully implemented. Several studies have shown
that educational measures introduced parallel to the

Table 4. Proportional distribution of prescriptions of antibiotic compounds per 1000 dental visits (n) in conjunction with implant surgical procedures (age-stand-
ardized data).

Year
Tetracykline

(n)
Amoxicillin

(n)
Phenoxymethylpenicillin

(n)
Clindamycin

(n)
Metronidazole

(n)

2009 3,3 (CI 2,32–4,74) 42,2 (CI 38,68–46,07) 234,3 (CI 226,51–242,22) 37,7 (CI 34,31–41,44) 8,2 (CI 6,4–10,41)
2019 0,7 (CI 0,47–0,96) 60,2 (CI 57,97–62,46) 144,1 (CI 140,82–147,43) 16,5 (CI 15,38–17,79) 10,3 (CI 9,44–11,34)
2009�2019a p< .0001 p< .0001 p< .0001 p< .0001 p< .0001
aComparison of proportional difference between 2009 to 2019; CI: Confidence interval.
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Figure 5. Proportion (%) of implant surgical treatment visits when an antibiotic prescription was despatched by the treating dentist. Distribution of different anti-
biotic compounds during the study period 2009–2019 (data age standardized).
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introduction of new recommendations are very important
and have a significant effect in implementation and retention
to clinical guidelines [28,29].

A limitation with our register-based study is that we have
not been able to analyse prescribers’ age and gender which
of course also can influence prescription patterns. Since there
are more younger dentists working in public dental care this
may have affected the results. Older men working in private
clinics may be more frequent antibiotic prescribers than
younger women working in public clinics and as such less
prone to follow recommendations. Unfortunately, this could
not be analyzed in our register-based data.

In Sweden, clinics for specialist treatments are organized
in the national regions in Public specialist clinics while
Private specialist clinics mainly can be found in the metro-
politan regions. For this reason, it may be assumed that
most of the complex patients are treated within the special-
ist care in Public dental care in Sweden. Therefore, it is not
likely that the higher rate of antibiotic prescriptions found in
Private dental care is due to that the patients’ degree of
treatment complexity is higher in private care justifying the
higher proportion of antibiotic prescriptions found in private
care. As seen in general for antibiotics prescriptions dis-
patched by dentists in Sweden the proportion of prescrip-
tions in conjunction to implant surgical treatment was
higher in big cities and in city towns corresponding to the
yearly reports on antibiotic prescription rates in dentis-
try [22,24].

An interesting observation was that individuals with a
lower level of education more often received a prescription
of antibiotics in conjunction to implant surgery than individ-
uals with a higher education. This may be caused by a differ-
ence in general and or/oral health between the three
educational categories evaluated. The correlation of oral
health and general health to socioeconomic factors has been
shown in several studies [30,31]. Since the number of intact
teeth was lower among the individuals with the lowest
degree of education this may indicate that general health
and/or oral health was poorer among the individuals with
the lowest level of education which may justify that a higher
prescription of antibiotics was found among these patients.

Another observation in our study was that the use of phe-
noxymethylpenicillin still is the most widely used substance
prescribed in conjunction with implant surgery. The recom-
mendations in Sweden strongly promote that merely a single
dose of antibiotic prophylaxis may be used if needed. The
compound recommended is amoxicillin because of its more
predictable absorption and longer half-life compared to
phenoxymethylpenicillin.

Although the prescriptions of phenoxymethylpenicillin
have declined considerably during the study period this find-
ing shows that prolonged prophylaxis or longer antibiotic
treatment during initial healing still is very common. Recent
reviews have also questioned the benefit of antibiotic
prophylaxis and/or extended treatment in uncomplicated
implant surgery in otherwise healthy patients [7,32] which
also have been confirmed in placebo-controlled studies [33].
This finding shows that there is still room for improvement

in reducing the rate of prescriptions of antibiotics in connec-
tion with implant surgery especially since a majority of treat-
ments performed were placement of a single implant which
in most cases are uncomplicated procedures compared to
insertion of multiple implants. In order for recommendations
to have viable legitimacy, regular audits and up-dates are
needed based on latest scientific evidence and a multidiscip-
linary approach.

In conclusion, antibiotic prescription was generally com-
mon even though most of the implant procedures under-
taken were insertion of a single implant. Patients with low
level of education, in urban regions, treated in a private den-
tal clinic were more likely to receive antibiotics in conjunc-
tion to dental implant surgery compared to other
patient groups.

Consequently, the data support that there is room for
improvement in the reduction of antibiotic prescriptions in
conjunction to implant surgical procedures in Sweden
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