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Abstract

Background There is a reasonable body of evidence around oral/dental health and implant infection in orthopaedic and
cardiovascular surgery. Another large area of surgical practice associated with a permanent implant is mesh hernia repair.
This study aimed to review the evidence around oral/dental health and mesh infection.

Methods The research protocol was registered in PROSPERO (CRD42022334530). A systematic review of the literature was
undertaken according to the PRISMA 2020 statement. The initial search identified 582 publications. A further four papers
were identified from references. After a review by title and abstract, 40 papers were read in full text. Fourteen publications
were included in the final review, and a total of 47,486 patients were included.

Results There is no published evidence investigating the state of oral hygiene/health and the risk of mesh infection or other
infections in hernia surgery. Improvement in oral hygiene/health can reduce surgical site infection and implant infection in
colorectal, gastric, liver, orthopaedic and cardiovascular surgery. Poor oral hygiene/health is associated with a large increase
in oral bacteria and bacteraemia in everyday activities such as when chewing or brushing teeth. Antibiotic prophylaxis does
not appear to be necessary before invasive dental care in patients with an implant.

Conclusion Good oral hygiene and oral health is a strong public health message. The effect of poor oral hygiene on mesh
infection and other complications of mesh hernia repair is unknown. While research is clearly needed in this area, extrapolat-
ing from evidence in other areas of surgery where implants are used, good oral hygiene/health should be encouraged amongst
hernia patients both prior to and after their surgery.
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Introduction

The role of perioperative antibiotics in operations where a
foreign body is implanted has become common good prac-
tice. Similarly, many specialties utilising implants, such as
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facets. This includes the regular cleaning (brushing/flossing)
of teeth to minimise plaque accumulation, the care of gums
and tongue, as well as regular dental review to treat dental
caries and mouth infections. Oral health is a term related
to the presence or absence of tooth, gum or tongue disease.

Some of the authors of this paper (BE, AdeB) were
involved in a world-wide based survey of the attitudes
of patients to aspects of hernia surgery [6]. A number of
patients commented in the free text about mesh problems,
mesh infection, and ending up losing some of their teeth.
Indeed, a number were in a legal dispute with mesh manu-
facturers and surgeons due to loss of teeth following hernia
repair with mesh. The same people also suffered a mesh
infection. There is no obvious causative reason why a mesh
may lead to the loss of one or more teeth. But there is the
possibility that poor oral hygiene and poor oral health,
including dental focal infection, could cause perioperative
or postoperative bacteraemia leading to subsequent mesh
infection. The tooth loss was a consequence of ongoing tooth
pathology and was not caused by the mesh hernia repair at
all.

The aim of this study was to undertake a systematic
review of oral hygiene/health and mesh hernia surgery. How-
ever, an initial scoping search looking for publications on
mesh infection and oral/dental health/pathology identified
no references. Thus, the search was widened to oral hygiene/
health and distant hematogenous infections after surgery, to
inform on the potential issue of implant infection as a result
of poor oral hygiene/health.

Materials and methods

The systematic review (SR) was registered in the PROS-
PERO register (CRD42022334530).

MEDLINE (via PubMed), EMBASE, and the Cochrane
Central Register of Controlled Trials databases were
searched. The search strategy combined medical subject
headings (MeSH) and keywords, using the terms of “Den-
tal”, “Oral”, “Health”, “Infection”, “Cardiac”, “Ortho-
paedic”, “Abdominal”, “Hernia”, “Mesh” and “Surgery”
combined with the Boolean operators “AND” and “OR”
(Appendix 1). To begin with, we planned to focus the SR
on patients undergoing hernia surgery with mesh only, but
a scoping review revealed no results. We have, therefore,
decided to widen our inclusion criteria.

The following PICO (Patient, Intervention, Control, Out-
come) question was adopted:

P (Patient): Patients undergoing any type of operation that
involves a permanent synthetic implant.

I (Intervention): Any of the following interventions
were inclusion criteria into the SR—Patients being given
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instructions to change practice in teeth brushing, check by
a dentist prior to or after the operation, perioperative mouth
care, dental hygienist treatment before the operation or dur-
ing the follow-up period, screening for potential foci of
infection in the oral cavity pre/post operatively.

C (Comparison): No such intervention or investigation, no
change in practice, no focus on dental/oral health/hygiene.

O (Outcome): Occurrence of implant infection or distant
SSI that is not due to direct spreading from the oral cavity.

Each phase of the systematic review (literature search,
data extraction, and risk of bias assessment) was performed
by two authors (BE and MP). Discrepancies were resolved
with discussion with a third reviewer (AdB) and a dentist
(MBS). The GRADE approach’ was followed. Two authors
independently (MP and BE) evaluated the evidence for
imprecision, inconsistency, indirectness, and publication
bias. The quality of evidence was classified as very low, low,
moderate, or high. The risk of bias in the included studies
was independently assessed by two authors (BE and AdB)
using the ROBINS-I (Risk Of Bias In Non-randomised Stud-
ies—of Interventions) tool [8].

Statistical analysis was not performed on the retrieved
data. Randomised controlled trials (RCT), retrospective,
case—control, or prospective observational studies (OS),
case series (CS), and systematic reviews (SR) exploring the
potential association between oral hygiene and hematoge-
nous distant infection were deemed suitable for inclusion in
the review. We have limited our search to only adult human
subjects.

No restrictions were placed on publication status or lan-
guage. Full-text articles in languages other than English with
a title/abstract indicating fulfilment of the eligibility criteria
were translated electronically. Literature was searched from
inception to April 2022. The studies identified by the search
strategy were subsequently selected based on title, abstract,
and full-text review by all four independent reviewers in
the Rayyan web app for systematic reviews ( https://www.
rayyan.ai/).

Results

Upon analysis of the retrieved literature, we discovered that
the studies report on the same outcome but with two differ-
ent timings of the intervention: some studies focus on oral/
dental intervention before the index operation, while others
examine dental/oral interventions after implant surgery. As
a result, we have decided to split the results section into two
chapters to address each intervention timing separately.
The literature search identified 582 papers. Four more ref-
erences were identified by manual search through individual
article references. Figure 1 displays the 586 papers included
in the Prisma flowchart. Forty papers were retrieved in
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full text, and 14 were kept for final analysis. A table with
rejected papers and reasons for rejection is attached as Sup-
plementary Table 1. Two of the included publications were
recommendations from other guidelines, the 14 remaining
studies report on 47,486 patients in total.

No papers reported on the topic of oral hygiene/health
and hernia mesh infection or surgical site infection (SSI)
in hernia surgery. However, papers investigating the link
between oral hygiene/health prior to surgical implants in
other areas of surgery were identified. And papers around
the use of antibiotics prior to dental manipulation in patients

with artificial joints, those at risk of infective endocardi-
tis (IE) and with artificial heart valves, and hematogenous
infections were identified.

The risk of bias was low to moderate in the majority of
the selected studies (Supplementary Table 2), but mainly due
to the type of the studies, the quality of evidence was in most
cases low or even very low (Supplementary Table 3, 4, 5).
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Does preoperative improvement of oral hygiene/
health before (implant) surgery improve infective
outcomes?

One recent SR (Supplementary material—Table 3) in ortho-
paedic joint implants and another in cardiac valve replace-
ment surgery (CVS) reported a lack of strong evidence to
suggest that preoperative dental treatment improves patients
outcomes [9, 10]. Despite being SR both were rated as
low quality, especially due to the included studies. How-
ever, three recent prospective cohort studies (Supplemen-
tary material—Table 4) demonstrated the importance of
oral hygiene prior to cardiac procedures and its impact on
post-procedure antibiotic use, postoperative fever, and SSI
[11-13]. A study with 240 participants reported that the
identification and treatment of dental foci prior to cardiac
surgery was able to significantly reduce the overall infection
rate (4/55 vs. 3/185; 7.27% vs. 1.62%; p=0.062) but also
slightly reduce the leukocyte count (10.98 vs. 10.13 x 103/
pL, p=0.061) in the sub-cohort with no infection complica-
tion. Incomplete oral sanitation with odds ratio (OR) of 6.1
(p=0.042) was together with diabetes mellitus (OR 5.38,
p=0.059), the most important risk factor for infectious com-
plications in this group [11].

A second study looked at the effect of a recommenda-
tion on how to brush teeth and perform mouth washing in a
cohort of 466 patients undergoing cardiac surgery compared
to 506 historical controls. 405 were able to adhere to the rec-
ommendations, and there were no demographic differences
between them and the control group. Significantly, fewer
patients had been prescribed antibiotics on the fifth postop-
erative day in the intervention group (p <0.015, RR=0.65
(95% CI 0.48 to 0.96), number needed to treat (NNT) 22.0
patients, relative risk reduction (RRR) 0.52, absolute risk
reduction (ARR) 0.042) and the results were even more sig-
nificant amongst patients who had adhered to the procedure
(RR=0.49 (95% C1 0.31 t0 0.77), NNT=15.9, RRR=1.01,
ARR =0.063) compared with patients in the control group.
Thirty-four % fewer people needed antibiotics only after
being told how to brush their teeth, and this number rose to
50% in the group able to adhere to the recommendation [12].

The third of the mentioned studies looked at a small
group of 64 patients undergoing cardiac surgery versus 38
historical controls. Patients in the study have undergone pre-
operative periodontal treatment compared to the historical
controls. The number of days people from the intervention
group suffered from a temperature over 37.5 °C after their
operation was significantly lower than in the control group
(»=0.01) [13].

A further study demonstrated the link between the sever-
ity of periodontal disease and surgical outcomes of patients
undergoing total gastrectomy [14]. Twenty-six out of 52
patients had the same bacteria in their gastric mucosa as in
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their oral cavity despite prophylactic antibiotic administra-
tion. The other 50% of patients had only mild periodontal
disease.

Four recent retrospective cohort series [15-18] in colo-
rectal, gastric and liver surgery all demonstrated reductions
in postoperative infective events, with perioperative oral
hygiene interventions (Supplementary material—Table 3).

Two studies in colorectal surgery reported on one with
698 and the other one with 1926 patients and showed that
perioperative oral management is able to reduce the inci-
dence of SSI and shorten the hospital stay significantly. The
incidence of surgical site infection was significantly lower
in the oral care group than in the control group (8.4% vs
15.7%, P <0.001). Multivariate logistic regression analysis
revealed four independent risk factors for surgical site infec-
tion: low albumin level, rectal cancer, blood loss, and lack
of perioperative oral care. Lack of perioperative oral care
had an OR of 2.100 (95% confidence interval 1.510-2.930,
P<0.001) [16, 17].

A single institution's historical experience with den-
tists assessing the oral environment for periodontal dis-
ease, hygiene status, dry mouth, fur on tongue, and tooth
stumps, scaling and tooth brushing instructions included 341
patients. Logistic regression analysis identified periodon-
tal disease as an independent risk factor for postoperative
infectious complication with OR of 2.091 (p=0.037, 95%
confidence interval 1.045—4.183) [15]. Similarly, an experi-
ence from 334 patients undergoing hepatic resection where
independent risk factors for SSI were infection of ascites
(OR=13.72), lack of preoperative oral management inter-
vention (OR =10.17), and severe liver fibrosis (OR =2.76)
[18].

Does dental treatment after implant surgery
influence late implant infection?

It is believed that dental surgery causes significant bacterae-
mia and, therefore, dental manipulation after implant surgery
might cause implant infection and that prophylactic antibiot-
ics might mitigate this risk. Again, the most recent SRs and
a guideline in the orthopaedic and cardiovascular surgical
fields would suggest that it is not necessary to give antibi-
otics at the time of dental surgery [20-22]. These are well
supported by the evidence provided by three retrospective
population studies from three different continents [23-25].

A Taiwanese population-based analysis screened 57 066
hip and knee arthroplasty recipients that had dental workup.
A propensity score analysis (of 6 513 matched pairs) com-
pared those with and without prophylactic antibiotics for
their dental care. Infection occurred in 328 (0.57%) in the
dental sub-cohort and 348 (0.61%) patients in the non-
dental sub-cohort with no between-cohort difference in
the 1-year cumulative incidence (0.6% in both, P =0.3).
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Multivariate-adjusted Cox regression revealed no associa-
tion between dental procedures and joint infection. Maybe
more interestingly, infection occurred in 13 patients (0.2%)
in those who received antibiotics and 12 (0.18%) of those
who did not (P =0.8). Multivariate-adjusted analyses con-
firmed that there was no association between the incidence
of prosthetic joint infection and prophylactic antibiotics [23].

Medicare-Based Survey (MCBS) using data for the
years 1997 to 2006 identified patients undergoing total joint
arthroplasty and those who have suffered from prosthetic
joint infection. A time-to-event analysis (N =1 000) was
utilised to explore association between dental procedures
and subsequent joint infection. A nested case—control study
included case participants who had had prosthetic joint
infection (n=42) and matched control participants who had
had total arthroplasty but had no infection (n =126). People
with no infection were more likely to have undergone inva-
sive dental procedure though this trend was not statistically
significant in either the time-to-event analysis (HR =0.78;
95% CI 0.18-3.39) or the case—control analysis (OR =0.56;
95% CI 0.18-1.74). Only 4 of 42 case participants had
undergone an invasive dental procedure in the 90 days before
the infection occurred. All dental procedures yielded similar
results [24]. A third study also reported hospital admissions
and people with prosthetic joint infections and their dental
records. 9427 cases were identified—2 385 had prosthetic
hip, 3 168 knee, 3 615 unknown type and 259 other joint
replacements. There was no significant temporal associa-
tion between invasive dental procedures and subsequent late
prosthetic joint infection rate [25].

Discussion

While dental surgery does cause significant bacteraemia,
which can be partially mitigated against by prophylac-
tic antibiotics, there is significant bacteraemia when teeth
cleaning and chewing every day, events that are not covered
with antibiotics [1-4]. Yet, the Society of Vascular Surgery
recommends that antibiotics are given following a vascular
graft prior to dental surgery [19]. A number of French Socie-
ties produced a guideline [26] on infective endocarditis pre-
vention in those at risk such as valvular heart disease. About
one-fifth of infective endocarditis is believed to be due to
oral bacteria, not as a result of dental manipulation but daily
activities leading to low-dose but long-lasting bacteriemia
events. Improved oral hygiene/health may reduce the inci-
dence of infective endocarditis in this at-risk population.
Guidelines for both orthopaedic and cardiovascular
implant surgery recommend assessing the state of oral
health, eliminating all dental focal infections and improv-
ing oral hygiene where necessary prior to implant surgery.
Indeed, improving oral health is now standard practice in

many countries prior to orthopaedic prosthetic joint replace-
ments and cardiovascular implants. The Society of Vascular
Surgery for example, recommends in their guidelines [19]
that potential sources of dental sepsis are treated at least
2 weeks prior to vascular surgery.

This study has demonstrated that there is no published
research on oral hygiene/health in patients undergoing her-
nia repair with mesh implants. Thus, the role of improv-
ing oral hygiene/health prior to mesh hernia surgery, or the
long-term effect of poor oral health or dental focal infection
relating to late mesh infection is unknown. However, it is
evident that episodes of bacteraemia take place on chewing,
teeth cleaning when bad oral health is present and also dur-
ing and after dental surgery [1-4]. The number and degree of
bacteraemia events appears to be increased in the presence
of poor oral hygiene/health. And the prevalence of poor oral
health is high in general throughout the world [27, 28]. §utej
et al. have pointed out a high percentage of patients with
infective endocarditis whose infection originated in the oral
cavity [29] and Strom et al. reported that daily flossing can
reduce the risk of IE significantly [30].

While other surgical disciplines (cardiovascular, ortho-
paedics) are diligent in eliminating any potential infection
focus prior to any use of permanent implants, including
poor oral health, mesh hernia surgery has not followed this
standard of care. Both early and late mesh infections occur,
and are often associated with poor outcomes for both the
healthcare service AND the patient. Looking at the types of
bacteria cultured from these mesh infections, the patients'
skin microbiome is often blamed as the source or reservoir
for the infecting bacteria. And colonisation of the mesh at
the time of surgery, with a latent period before overt infec-
tion considered the mechanism in late mesh infection. The
fact that microorganisms typical for skin also live in the
periodontal plaque and circulate in our blood every time
we chew or brush our teeth may change this dogma [31].
However, more research is required to identify a possible
link between poor oral health and hernia mesh infection.
And if there is a link, to investigate the cost-effectiveness
of preoperative improvement in oral hygiene/health prior
to mesh hernia surgery. Based on the literature available to
date in other surgical fields, we would like to suggest that
patients undergoing mesh hernia surgery should undergo a
dental check-up and treatment of any tooth or gum disease
prior to their hernia surgery. Furthermore, advice on how to
improve oral hygiene should be part of the pre-assessment
and patient work-up process. Periodontal disease is common
in the population, especially with increasing age. The major-
ity of hernia surgery is undertaken as an elective procedure,
with time for proper oral health assessment and treatment
where necessary.

There is evidence that poor oral hygiene/health is linked
to long-term adverse outcomes in other fields of surgery and
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medicine. There has been a lot of research interest around
the use of prophylactic antibiotics prior to dental surgery fol-
lowing surgical implants. Little benefit if any has been dem-
onstrated for this practice. And the cost and potential harms
with emerging antibiotic resistance, and antibiotic drug reac-
tions are a strong argument against such practice. Therefore,
it is not recommended to use antibiotics prophylactically
before dental surgery in patients with medical implants. Yet
concerns around medico-legal claims for example, infected
joint replacements after dental treatment continue to encour-
age the use of antibiotics in this scenario [20]. Furthermore,
compliance with both antibiotic type, dosing, and indica-
tion guidelines remains poor [32-34]. It is likely that dental
interventions as a cause of bacteraemia are rare compared
to those associated with daily activities including chewing
and the brushing of teeth. In fact, as shown by Skaar et al.
in their population study people who undergo dental proce-
dures are less likely to suffer periprosthetic joint infections
compared to controls [24]. Activities like brushing or chew-
ing are also associated with significant episodes of bacte-
raemia, which are not covered with antibiotic prophylaxis!
Therefore, maintaining good oral hygiene and health through
daily brushing and flossing is essential, as it can reduce the
risk of infection and improve overall health.

Our study has a number of limitations. There is a publi-
cation bias in reporting single centre experiences and ret-
rospective cohort studies, as many cases of distant implant
infection are likely not reported, and the denominator in
these studies is often unclear also. It is likely that the real
magnitude of the problem is much higher than the literature
suggests. Only a fraction, although a very significant one,
of all cases of hematogenous infection of various implants
are identified as “surely” of odontogenic source. But as
shown by Zawadski et al. [31], the oral cavity is a source
of many other bacterial strains than those found uniquely
in the human mouth. Periodontal plaque is common. It is
associated with frailty, as well as lowered health literacy,
and these may be confounding variables when investigating
oral hygiene/health on surgical outcomes [35].

While no study reporting on a link between oral hygiene/
health and hernia mesh infection was identified, it is possible
that any episode of bacteraemia can lead to the growth of a
biofilm on such a mesh implant, leading to clinically appar-
ent mesh infection. The patient may well link such infection
of their mesh to their dental issues and come to a conclusion
that the mesh is responsible for their tooth and gum disease.
It is perhaps more probable than the sequence of events is
the other way around—their tooth and gum disease (which
could be occult at the time of their hernia surgery if regular
dental checks are not undertaken) is the cause of their hernia
mesh infection.

It should be stressed that improving oral hygiene/
health has few if any negative or harmful effects on these
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individuals. It is noted that dental health care is not free in
most countries, and there is a small cost to daily good oral
hygiene. But our proposed change of practice, to include
advice on oral hygiene, and check the state of oral health
when considering a surgical mesh implant in hernia is
unlikely to have any serious negative consequences for the
patient. Indeed, it is important public health advice that may
benefit the patient in other ways by reducing disease associ-
ated with poor oral health.

Further research is, therefore, very likely to have an
important impact on our confidence in the estimate of effect.

Suggestion for future research

Mesh hernia surgery is the commonest general surgical
operation. Further research into the possible association
between oral health and both early and late mesh infec-
tion, as well as SSI should be a priority. There are hernia
registries that could add a function of collecting oral/den-
tal health data and intervention status. This would be the
easiest way to collect a big amount of data in a relatively
short time. Also, some countries that have national based
registries of all interventions and treatments could per-
form an analysis similar to some of those mentioned in this
manuscript. The EHS registry will add this functionality
in the near future. A prospective trial looking into dental
status and interventions and corresponding incidence of
mesh infection would be another step forward in patient’s
pre-optimisation knowledgebase.

Appendix_1 Search strategies

1. (((((((oral hygiene) OR (dental hygiene)) AND (mesh
infection)) OR (prosthesis infection)) OR (hematog-
enous infection)) AND (cardiovascular surgery)) OR
(orthopedic surgery)) OR (hernia surgery) (((("oral
hygiene"[Title] OR "dental hygiene"[Title]) AND "mesh
infection"[Title]) OR "prosthesis infection"[Title] OR
"hematogenous infection"[Title]) AND "cardiovascu-
lar surgery"[Title]) OR "orthopedic surgery"[Title] OR
"hernia surgery"[Title]

2. (((((((oral hygiene[MeSH Terms]) OR (dental
hygiene[MeSH Terms])) AND (mesh infection[MeSH
Terms])) OR (prosthesis infection[MeSH Terms])) OR
(hematogenous infection[MeSH Terms])) AND (car-
diovascular surgery[MeSH Terms])) OR (orthopedic
surgery[MeSH Terms])) OR (hernia surgery[MeSH
Terms]) Filters: from 2000 - 2023 Sort by: Most
Recent ((((("oral hygiene"[MeSH Terms] OR "oral
hygiene"[MeSH Terms]) AND (("medical subject
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headings"[MeSH Terms] OR ("medical"[All Fields]
AND "subject"[All Fields] AND "headings"[All
Fields]) OR "medical subject headings"[All Fields]
OR "mesh"[All Fields]) AND "infections"[MeSH
Terms])) OR (("prostheses and implants"[MeSH Terms]
OR ("prostheses"[All Fields] AND "implants"[All
Fields]) OR "prostheses and implants"[All Fields] OR
"prosthesis"[All Fields]) AND "infections"[MeSH
Terms]) OR (("haematogeneous"[All Fields] OR
"haematogenic"[All Fields] OR "haematogenous"[All
Fields] OR "haematogenously"[All Fields]
OR "hematogeneous"[All Fields] OR
"hematogeneously"[All Fields] OR "hematogenic"[All
Fields] OR "hematogenous"[All Fields] OR
"hematogenously"[All Fields]) AND "infections"[MeSH
Terms])) AND "cardiovascular surgical
procedures"[MeSH Terms]) OR "orthopedics"[MeSH
Terms] OR (("hernia"[MeSH Terms] OR "hernia"[All
Fields] OR "hernias"[All Fields] OR "hernia s"[All
Fields] OR "herniae"[All Fields]) AND ("surgical
procedures, operative"[MeSH Terms] OR "general
surgery'"[MeSH Terms]))) AND (2000:2023[pdat])

Translations

1. oral hygiene[MeSH Terms]: "oral hygiene"[MeSH
Terms] dental hygiene[MeSH Terms]: "oral
hygiene"[MeSH Terms] mesh: "medical subject
headings"[MeSH Terms] OR ("medical"[All Fields]
AND "subject"[All Fields] AND "headings"[All
Fields]) OR "medical subject headings"[All Fields]
OR "mesh"[All Fields] infection[MeSH Terms]:
"infections"[MeSH Terms] prosthesis: "prostheses
and implants"[MeSH Terms] OR ("prostheses"[All
Fields] AND "implants"[All Fields]) OR "prosthe-
ses and implants"[All Fields] OR "prosthesis"[All
Fields] OR "prosthesis's"[All Fields] infection[MeSH
Terms]: "infections"[MeSH Terms] hema-
togenous: "haematogeneous"[All Fields] OR
"haematogenic"[All Fields] OR "haematogenous"[All
Fields] OR "haematogenously"[All Fields]
OR "hematogeneous"[All Fields] OR
"hematogeneously"[All Fields] OR "hematogenic"[All
Fields] OR "hematogenous"[All Fields] OR
"hematogenously"[All Fields] infection[MeSH
Terms]: "infections"[MeSH Terms] cardiovascu-
lar surgery[MeSH Terms]: "cardiovascular surgical
procedures"[MeSH Terms] orthopedic surgery[MeSH
Terms]: "orthopedics"[MeSH Terms] hernia:
"hernia"[MeSH Terms] OR "hernia"[All Fields] OR
"hernias"[All Fields] OR "hernia's"[All Fields] OR

"herniae"[All Fields] surgery[MeSH Terms]: "surgi-
cal procedures, operative"[MeSH Terms] OR "general
surgery"[MeSH Terms]
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