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Abstract: A retrospective observational study using an oral bacteria counter was conducted to
evaluate the trends in the number of oral bacteria in the perioperative period of lung cancer patients
and to verify the relationship between oral health status and postoperative fever. All patients received
perioperative oral management (POM) by oral specialists between April 2012 and December 2018 at
Kagawa Prefectural Central Hospital, Kagawa, Japan prior to lung cancer surgery. Bacteria counts
from the dorsum of the tongue were measured on the day of pre-hospitalization, pre-operation, and
post-operation, and background data were also collected retrospectively. In total, 441 consecutive
patients were enrolled in the study. Bonferroni’s multiple comparison test showed significantly
higher oral bacteria counts at pre-hospitalization compared to pre- and post-operation (p < 0.001).
Logistic regression analysis showed that body mass index, performance status, number of housemates,
number of teeth, and white blood cell count at pre-operation were significantly associated with
postoperative fever. The study showed that POM can reduce the level of oral bacterial counts, that the
risk of postoperative complications is lower with dentulous patients, and that appropriate POM is
essential for prevent of complications. Therefore, POM may play an important role in perioperative
management of lung cancer patients.

Keywords: oral bacteria count; postoperative fever; lung cancer; retrospective cohort study; surgery;
perioperative oral management; oral care

1. Introduction

Cancer treatment by multidisciplinary cooperation is recommended in Japan, and dentists/oral
surgeons and dental hygienists play an important role in perioperative oral management (POM) [1].
POM was introduced into the Japanese universal health public insurance system in April 2012, and POM
has been developed as one of the supportive cares for the main treatment, mainly by maintaining
and managing the oral function before and after the treatment of all cancer patients [1]. Although the
consensus of POM methods in Japan has not been established nor consented yet, it is roughly divided
into organic oral care, mainly for keeping the oral cavity clean and functional, and oral care for
maintaining and improving oral function. It is general practice to receive necessary oral treatment,
instruction, and management by a dentist/oral surgeon and dental scaling, professional mechanical
tooth cleaning, and dental hygiene instruction and care by a dental hygienist [2]. It has been established
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that the effects of oral care influence other aspects of health, for example, Yoneyama et al. reported in
1999 that oral care for the elderly protected against aspiration pneumonia [3]. Mori et al. also reported
that oral care decreased the incidence of ventilation-associated pneumonia (VAP) in intensive care unit
(ICU) patients in a nonrandomized trial, with historical controls using 1666 mechanically ventilated
patients admitted to the ICU in 2006 [4]. Since then, there have been increasing reports that oral care is
effective in preventing postoperative complications [4]. Recently, it has been reported that oral care
is also effective in preventing surgical site infection (SSI) in a multicenter retrospective analysis of
698 patients using analysis of covariance with propensity score matching [5]. In the esophageal region,
two reports (a multi-center retrospective study of 280 patients who underwent an esophagectomy and
a single-institute and historical cohort study of 341 patients) showed that periodontal disease and
non-POM are risk factors for infectious complications after surgery [6,7]. In addition, a nationwide
administrative claims database study verified that POM by a dentist and a dental hygienist significantly
reduced postoperative complications in patients who underwent cancer surgery [8]. Another large
database research also showed that POM in cancer patients was effective in reducing the incidence
of pneumonia in hospitals and thereby helped in preventing pneumonia during hospitalization in
2020 [1]. Hence, evidence regarding the effects of POM on patients undergoing surgical treatment
including cancer treatment is becoming established.

In lung cancer patients, there have been two reports regarding the effectiveness of POM for
prevention of adverse events. Kamiyoshihara et al. reported in their study that two (1.3%) of the
70 patients had postoperative complications, but there were no serious adverse events due to the oral
care intervention [9]. Nishino et al. also reported that POM can prevent postoperative pneumonia in
lung cancer patients [10]. However, since both papers were reported using a low evidence study design
that compared lung cancer patients to those with other cancers (e.g., digestive organ cancer), there is still
insufficient evidence for the effect of POM in lung cancer patients. Furthermore, the above-mentioned
papers have two shortcomings. First, the effect of POM is based on the premise and hypothesis that
aspiration of oral bacteria and infection of oral bacteria will cause surgical site infection, but there is
little evidence that demonstrates the cause and effect with the number of oral bacteria. It has been
pointed out that the obligate anaerobic Gram-negative bacillus, which is often found in the oral cavity,
is one of the causes of VAP development [11], but few studies have shown an association between
bacterial counts and postoperative complications.

It is also widely known that body mass index (BMI) has an impact on subsequent outcomes and
postoperative complications including postoperative fever in lung cancer surgery patients. Sato et al.
reported that surgical intervention is feasible and potentially effective for primary lung cancer but may
not achieve positive perioperative and long-term outcomes for patients with a low BMI [12]. Lewis et al.
reported in their review that a normal BMI/less weight loss is associated with significant survival
improvement [13]. Agostini et al. reported that potentially modifiable risk factors of postoperative
pulmonary complications following thoracic surgery include BMI [14]. Im et al. reported that
curative resection for non-small cell lung cancer in healthy elderly patients appeared feasible with 10%
postoperative pulmonary complications, and lower BMI is a predictor of postoperative pulmonary
complications development, which guide treatment decision-making in these patients [15]. On the other
hand, Yang et al. investigated the perioperative risk factors of postoperative pulmonary complications
after minimally invasive anatomic resection for lung cancer, and they indicated that the incidence of
postoperative pulmonary complications was 24.8%, and logistic regression analysis revealed that BMI
≥ 24.0 kg/m2 (vs. < 24.0 kg/m2: odds ratio of 1.514, 95% confidence interval of 1.057–2.167) was an
independent risk factor for postoperative pulmonary complications [16]. Thus, although it is clear
that BMI is a risk factor in lung cancer surgery patients, it remains inconclusive whether low or high
BMI, or both, is a risk factor. In other words, it was necessary to set up a study design that excluded
confounding factors by performing a stratified analysis by BMI.

The gold standard for measuring the number of bacteria in the oral cavity is a method in which
saliva, plaque, etc. are sampled, cultured, and then the colony forming units (CFUs) per sample



Healthcare 2020, 8, 405 3 of 13

are counted [17]. However, this gold standard method has limitations in terms of cost and labor,
and it is difficult to carry out in a study with a large sample size. In recent years, a device has been
developed based on a dielectrophoretic impedance measurement (DEPIM) method that can measure
oral bacteria objectively, rapidly, easily, and non-invasively. Hamada et al. reported that the objective
DEPIM results were in good agreement with the conventional culture method, which has shown
the applicability of the DEPIM apparatus for practical and rapid oral bacteria measurement [18].
Currently, the oral bacterial counter has been commercialized and is widely used in clinical and
research fields [19]. In clinical research applications, Suzuki et al. reported changes in the number
of oral bacteria during the perioperative period, and they suggested that the oral bacteria count is
elevated just after surgery, especially if the patient has endotracheal intubation, which may increase
the risk of aspiration pneumonia [20]. However, in patients undergoing lung cancer surgery, since the
surgical site is the lung itself, it is difficult to accurately evaluate and verify the onset of aspiration
pneumonia. Therefore, clinical studies that verify the effects of POM in lung cancer patients may
require outcomes that differ from the incidence of aspiration pneumonia. Inai et al. investigated the
relationship between postoperative fever and POM in 471 perioperative patients, and reported that
oral findings were a risk factor for postoperative fever [21]. In addition, many studies have reported
that potentially modifiable risk factors of postoperative pulmonary complications following thoracic
surgery include BMI. Therefore, we conducted a retrospective observational study using the oral
bacteria counter to evaluate the trends in the number of oral bacteria in the perioperative period of
lung cancer patients and to verify the relationship between the oral health status and postoperative
fever as a perioperative complication in respect to BMI.

2. Materials and Methods

2.1. Regular Perioperative Oral Management in Kagawa Prefectural Central Hospital

From April 2012, dentists/oral surgeons and dental hygienists at the Kagawa Prefectural
Central Hospital conducted the following procedures on all cancer patients undergoing surgical
treatment: oral evaluations (interviews and assessment of teeth, periodontal tissue, mucous membrane,
and dentures, etc.) before hospitalization; oral evaluation, oral care, and oral hygiene instruction
the day before the operation; and the same POM the day before discharge. When performing POM,
the quantity of bacteria was routinely measured, as mentioned above, by an oral bacteria counter.
This was performed three times for each patient as an evaluation index and feedback.

2.2. Data Sources and Search Strategy

This was a retrospective single-center cohort study to evaluate the risk factors for postoperative
fever. In thoracic surgery performed at Kagawa Prefectural Central Hospital, all lung cancer patients
who receive radical surgery are supposed to visit an oral care center for POM. Between April 2012
and December 2018 at Kagawa Prefectural Central Hospital (Kagawa, Japan), all patients included
in this study received POM after giving informed consent and after measuring the number of oral
bacteria three times using an oral bacteria counter in order to prevent perioperative lung cancer
complications. All patients underwent an oral and dental examination before lung cancer treatment
by the dentists/oral surgeons and dental hygienists, and a flow diagram of the POM is shown
in Figure 1. Furthermore, all patients were also advised to receive regular oral and dental care
throughout the perioperative period. This study was conducted with the approval of the Medical
Ethics Committee of Shimane University (No. 4041) and the Ethics Committee of Kagawa Prefectural
Central Hospital (No. 878). Therefore, patients that did not give informed consent for POM were
excluded. Furthermore, we also excluded patients where we were unable to measure the oral bacterial
count three times (the day they visited the oral care center before hospitalization, the day before the
operation, and the day before discharge as a regular POM course).
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hospitalization, pre-operation, and post-operation by experienced hygienists, based on procedures 
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minimized to ensure objectivity. A self-administrated mouthwash was carried out using 50 mL of 
water before the measurement, the collection site was kept constant, the sample was collected using 
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Figure 1. Flow diagram of oral bacteria counts and perioperative oral management (POM).

2.3. Study Variables

The following data were collected: patient characteristics (gender, age, BMI, performance
status, Brinkman index, number of housemates, type of cancer, cancer stage, and operation time),
intraoral findings (number of teeth, denture use, presence of home dentist, white blood cell counts at
pre-operation, serum albumin values at pre-operation, estimated duration of hospitalization (days), and
duration of hospitalization (days)). BMI was divided into three groups (underweight (BMI < 18.5 kg/m2),
normal weight (18.5 kg/m2

≤ BMI < 25.0 kg/m2), and overweight (25.0 kg/m2
≤ BMI)) using the World

Health Organization (WHO) classification and a previous study [22]. Presence of a home dentist was
defined as a person who regularly receives a dental examination within the period of one year [23].
For the operation time, variables were extracted from the operation records for the radical resection of
lung cancer performed by a single surgical team at Kagawa Prefectural Central Hospital, Department
of Thoracic Surgery.

2.4. Oral Bacteria Count

Figure 2A shows the bacteria detection apparatus (Panasonic Healthcare, Tokyo, Japan) that
was used to measure the bacteria count in the middle dorsal surface of the tongue on the day of
pre-hospitalization, pre-operation, and post-operation by experienced hygienists, based on procedures
from a previous study [24]. During measurement, the measurement error due to the procedure was
minimized to ensure objectivity. A self-administrated mouthwash was carried out using 50 mL of
water before the measurement, the collection site was kept constant, the sample was collected using a
universal applicator for standardization of sampling, and the examiners were well trained to calibrate
and minimize the deviation (Figure 2B). The results of the oral bacteria counts were stratified into the
following categories (CFU/mL): <106.5 (level 1); ≥106.5 to <107 (level 2); ≥107 to <107.5 (level 3); ≥107.5

to <108 (level 4); ≥108 to <108.5 (level 5); ≥108.5 to <109 (level 6); and ≥109 (level 7).
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Figure 2. Bacteria detection apparatus (Panasonic Healthcare, Tokyo, Japan). (A) The bacteria detection
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2.5. Study Outcomes

Based on the Japan clinical oncology group (JCOG) postoperative complication criteria
(Clavien–Dindo classification), during the hospital stay, body temperature was measured at least once
a day after the operation. The body temperature was measured by axillary temperature. When the
maximum body temperature was 37.0 ◦C or higher, according to the common toxicity criteria of adverse
events (CTCAE) v. 4.0, as reported in a previous study, it was classified as a fever and the duration of
the postoperative fever was recorded [25].

2.6. Statistical Analyses

All statistical analyses were performed using SPSS version 26.0 software (IBM Japan, Tokyo, Japan).
The one-way analysis of variance (ANOVA) statistical test was used followed by Bonferroni’s multiple
comparison test among each time point. Univariate and multivariate analyses of the risk factors for the
duration of fever were conducted using logistic regression analysis (backward selection method) on
each BMI group. A p-value less than 0.05 was considered statistically significant. Additionally, since a
substantial number of patients had missing data, multiple imputation using an ordinal logistic
imputation method was utilized, with the assumption that the missing data were missing at random.

3. Results

3.1. Patient Demographics and Characteristics

In total, 441 consecutive patients (276 males and 165 females) were enrolled in the study, and their
characteristics are shown in Table 1. The median age was 71.0 years, and the median BMI was
22.6 kg/m2. The performance status (PS) was 0 in 422 patients (95.7%), 1 in 11 patients (2.5%), 2 in
5 patients (1.1%), 3 in 2 patients (0.5%), and 4 in 1 patient (0.2%). The mean Brinkman index was
450.0. The median number of housemates was 1.0. The type of cancer was non-small cell carcinoma
in 364 patients (82.5%), small cell carcinoma in 8 patients (1.8%), and other in 69 patients (15.6%).
The cancer stage was 1 in 312 patients (70.7%), 2 in 68 patients (15.4%), 3 in 57 patients (12.9%), and 4
in 4 patients (0.9%). The median number of teeth was 22.0. The number of patients with dentures was
198 (44.9%), and 72 patients had a home dentist (16.3%). The median level of oral bacteria count at
pre-hospitalization, pre-operation, and post-operation was 5.3, 4.6, and 4.5, respectively. Median white
blood cell counts at pre-operation were 6.0 × 103/µL, and mean serum albumin values at pre-operation
were 4.2 g/dL. The median estimated duration of hospitalization was 14.0 days. The median duration
of hospitalization was 10.0 days. The median operation time was 223 min. There were 367 patients
(83.2%) who experienced fever, and the median duration of fever was 2.0 days.
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Table 1. Patient demographics and characteristics.

Characteristics

N (%), Mean (SD) or Median (IQR)

All Data (n = 441)

Body Mass Index Categories

Underweight (n = 54)
BMI < 18.5 kg/m2

Normal Weight (n = 286)
18.5 kg/m2

≤ BMI < 25.0 kg/m2
Overweight (n = 101)

25.0 kg/m2
≤ BMI

Gender Male 276 (62.6) 35 (64.8) 171 (59.8) 70 (69.3)
Female 165 (37.4) 19 (35.2) 115 (40.2) 31 (30.7)

Age (years) 71.0 (64.0–76.0) 73.0 (68.0–78.0) 70.5 (64–75.3) 69.0 (62.5–76.0)
Body mass index (kg/m2) 22.6 (20.3–24.8) 17.3 (16.2–17.9) 22.1 (20.6–23.5) 26.6 (25.6–28.1)
Performance status 0 422 (95.7) 49 (90.7) 277 (96.9) 96 (95.0)

1 11 (2.5) 3 (5.6) 4 (1.4) 4 (4.0)
2 5 (1.1) 1 (1.9) 4 (1.4) 0 (0)
3 2 (0.5) 0 (0) 1 (0.3) 1 (1.0)
4 1 (0.2) 1 (1.9) 0 (0) 0 (0)

Brinkman index 450.0 (0–1000) 380.0 (0–1025.0) 420.0 (0–936.3) 600.0 (0–1157.5)
Housemate (number) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0)
Type of lung cancer Non-small cell carcinoma 364 (82.5) 46 (85.2) 241 (84.3) 78 (77.2)

Small cell carcinoma 8 (1.8) 0 (0) 2 (0.7) 6 (5.9)
Other 69 (15.6) 8 (14.8) 43 (15.0) 17 (16.8)

Cancer stage 1 312 (70.7) 35 (64.8) 204 (71.3) 73 (72.3)
2 68 (15.4) 11 (20.4) 44 (15.4) 13 (12.9)
3 57 (12.9) 8 (14.8) 36 (12.6) 13 (12.9)
4 4 (0.9) 0 (0) 2 (0.7) 2 (2.0)

Number of teeth 22.0 (10.0–28.0) 19.5 (4.5–27.0) 23.5 (10.0–28.0) 22.0 (7.5–28.0)
Dentures (yes) 198 (44.9) 29 (53.7) 124 (43.4) 45 (44.6)
Home dentist (yes) 72 (16.3) 35 (64.8) 176 (61.5) 53 (52.5)
Oral bacteria count at pre-hospitalization (106 CFU/mL) 33.5 (25.0) 31.6 (24.2) 34.6 (25.2) 31.2 (24.9)

Level 5.3 (0.9) 5.2 (0.9) 5.3 (0.9) 5.3 (0.8)
Oral bacteria count at pre-operation (106 CFU/mL) 17.9 (16.8) 17.0 (18.2) 18.6 (18.0) 16.1 (11.5)

Level 4.6 (1.0) 4.5 (1.0) 4.6 (1.1) 4.6 (0.8)
Oral bacteria count at post-operation (106 CFU/mL) 15.8 (15.0) 17.9 (19.2) 16.2 (14.9) 13.5 (12.3)

Level 4.5 (1.0) 4.5 (1.1) 4.6 (1.0) 4.5 (0.8)
White blood cell count at pre-operation 103/µL 6.0 (4.9–7.1) 5.6 (4.6–6.8) 6.0 (4.9–7.1) 6.1 (5.0–7.0)
Serum albumin value at pre-operation g/dL 4.2 (3.9–4.4) 4.1 (3.9–4.4) 4.2 (3.9–4.4) 4.2 (3.9–4.4)
Estimated duration of hospitalization (days) 14.0 (7.0–14.0) 14.0 (7.0–14.0) 14.0 (7.0–14.0) 14.0 (7.0–14.0)
Duration of hospitalization (days) 10.0 (9.0–14.0) 11.0 (8.0–15.0) 10.0 (9.0–14.0) 10.0 (8.0–13.0)
Operation time (minutes) 223.0 (142.0–272.0) 218.5 (153.3–260.8) 226.0 (143.0–273.0) 211.0 (132.5–276.0)
Fever (yes) 367 (83.2) 47 (87.0) 244 (85.3) 76 (75.2)
Duration of fever (days) 2.0 (1.0–4.0) 3.0 (2.0–6.0) 2.5 (1.0–4.0) 2.0 (1.0–3.5)

CFU: colony forming unit, IQR: interquartile range, SD: standard deviation, BMI: body mass index.
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3.2. Longitudinal Changes in the Level of Oral Bacterial Counts

Figure 3 shows the results of the one-way ANOVA test, which showed significant differences in
the oral bacteria count level between the time points (p < 0.001). Bonferroni’s multiple comparison
test also showed significant differences between pre-hospitalization and pre-operation (p < 0.001),
and there was also a significant difference between pre-hospitalization and post-operation (p < 0.001).
There was no significant difference between pre-operation and post-operation (p = 0.242).
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3.3. Risk Factors for Postoperative Fever Duration by Logistic Regression Analysis

Table 2 summarizes the results of the logistic regression analysis, which investigated potential
risk factors of postoperative fever. In the total data, there were significant correlations between
postoperative fever and BMI, PS, number of housemates, oral bacteria count at pre-hospitalization,
and white blood cell count at pre-operation in univariate analysis, and between postoperative fever
and BMI, PS, number of housemates, and white blood cell count at pre-operation in multivariate
analysis. In the underweight group, PS, number of teeth, and serum albumin value at pre-operation
were significantly associated with postoperative fever in univariate analysis, and PS and number
of teeth remained significantly associated with postoperative fever in multivariate analysis. In the
normal weight group, age, PS, number of housemates, number of teeth, white blood cell count at
pre-operation, and operation time were significantly associated with postoperative fever in univariate
analysis, but only number of housemates and white blood cell count at pre-operation were significantly
associated with postoperative fever in the multivariate analysis. In the overweight group, PS and
number of teeth were significantly associated with postoperative fever in univariate analysis, and they
remained significant in the multivariate analysis.
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Table 2. Prognostic factors affecting the duration of fever after operation by logistic regression analysis.

Univariate Analysis

Explanatory Variable All Data
Body Mass Index Categories

Underweight
BMI < 18.5 kg/m2

Normal Weight
18.5 kg/m2

≤ BMI < 25.0 kg/m2
Overweight

25.0 kg/m2
≤ BMI

Odds Ratio (CI) p-Values Odds Ratio (CI) p-Values Odds Ratio (CI) p-Values Odds Ratio (CI) p-Values

Age 0.96 (0.93–1.00) 0.05
Body mass index (kg/m2) 0.92 (0.85–0.99) 0.02
PS 0.39 (0.22–0.70) <0.01 0.38 (0.12–1.10) 0.08 0.49 (0.23–1.06) 0.07 0.09 (0.009–0.90) 0.04
Housemate (number) 0.64 (0.46–0.90) 0.01 0.59 (0.38–0.92) 0.02
Number of teeth 0.91 (0.82–1.02) 0.10 1.03 (1.00–1.06) 0.09 0.96 (0.91–1.00) 0.06
Oral bacteria count at pre-hospitalization 0.72 (0.53–0.99) 0.04
White blood cell count at pre-operation 0.83 (0.74–0.94) <0.01 0.79 (0.69–0.92) <0.01
Serum albumin value at pre-operation 0.08 (0.005–1.24) 0.07
Operation time (minutes) 1.00 (0.999–1.01) 0.10

Multivariate analysis
Body mass index (kg/m2) 0.92 (0.85–0.99) 0.03
PS 0.38 (0.21–0.70) <0.01 0.04 (0.003–0.67) 0.02 0.05 (0.004–0.62) 0.02
Housemate (number) 0.60 (0.42–0.86) <0.01 0.58 (0.37–0.92) 0.02
Number of teeth 0.73 (0.53–0.99) 0.05 0.94 (0.89–0.99) 0.03
White blood cell count at pre-operation 0.86 (0.75–0.98) 0.02 0.78 (0.67–0.91) <0.01

CI, 95% confidence interval.
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4. Discussion

Since the target population of lung cancer included in this study was patients with a sole surgical
indication as an initial treatment, most patients with such lung cancer had relatively early-stage
cancer. According to the National Comprehensive Cancer Network guidelines, surgical indications
for non-small cell lung cancer are approximately up to stage 3 (T3, N1) [26,27]. In addition, in the
case of small cell lung cancer, it is considered to be approximately stage 1 (T2, N0) [28,29]. Since the
cases in this study did not require induction chemotherapy or radiation therapy, patients at an
earlier stage were selected, as the study target chemotherapy population has been shown to alter the
oral flora profoundly [30]. Hence, since this study did not include patients undergoing induction
chemotherapy, it is considered that reliable data were obtained with little variation in the target
population. Therefore, it was a group with low PS and high activity. Lung cancer is diagnosed in about
125,000 people every year in Japan. It tends to be more common in men, and begins to increase rapidly
around the age of 60 [31]. Therefore, since the target population of this study has characteristics similar
to the lung cancer patient population receiving only a radical resection in Japan, it is considered that
the results can be generalized in Japan.

This study was broadly divided into two main findings. First, it has been shown that an initial
pre-hospital POM intervention can reduce the level of oral bacterial counts, and that reduced bacterial
counts can be maintained by pre-operative POM, and lower levels of oral bacterial counts can also
be maintained postoperatively. To the best of our knowledge, this is the first report to objectively
study the trend of oral bacterial counts in lung cancer patients. The reason why the number of bacteria
in the oral cavity could be kept low may be not only due to the dentists and dental hygienists who
performed organic oral care, but also the effect of patient instruction/guidance regarding the need for
oral care and management. Many randomized controlled trials have been conducted on organic oral
care, and professional tooth cleaning (PTC) and chlorhexidine gluconate swabs have been shown to
reduce oral bacteria counts and postoperative complications such as VAP and SSI [32,33]. In Japan,
it is not permitted to use the same concentration of chlorhexidine gluconate as were investigated in
these randomized controlled trials, but we postulated that physical plaque removal in PTC is just
as effective. Regarding instruction of dental hygiene, Nakata et al. indicated that patients would
presumably like to avoid postsurgical complications, therefore, if they were educated that oral health
care could reduce the risk of adverse events and was associated with general health, their attitude
could likely be modified. In short, POM could improve oral health knowledge and positive attitudes of
the patients receiving treatments in cancer surgery [34]. Tanda et al. also reported that the effectiveness
of POM was verified by oral examinations, hygiene instructions, supragingival scaling, professional
mechanical cleaning of the tooth surfaces and/or dentures, and tongue cleaning as intensive oral care
at least 2 days prior to lung cancer surgery [35]. In other words, the effect of POM before surgery is
likely to be sustained regardless of the presence or absence of the subsequent intervention. From the
above, we proposed that basic physical cleaning of the oral cavity and dental hygiene instruction are
important tools for reducing oral bacterial counts in lung cancer patients receiving radical resection.

Second, multivariate analysis showed that a lower number of teeth was significantly associated
with postoperative fever in the underweight and overweight groups. The total data analysis showed
that the factors of BMI, PS, and white blood cell count at pre-operation were significantly associated with
postoperative fever, but these factors are well known risk factors for postoperative fever, as shown in
previous studies [14,36,37]. In particular, BMI is considered a risk factor for postoperative complications
in various surgical sites [38–40]. In other areas of surgery, being obese has been noted to be a predictor
of postoperative complications in randomized controlled trials [41], and most previous studies have
shown that obesity was a greater risk factor than thinness. In addition, there is a report of an association
between BMI and occlusal force and masticatory function [42]. Therefore, it was appropriate that
we adopted an analytical approach that eliminated confounding factors by performing a stratified
analysis based on BMI. Moreover, our results showed that a low white blood cell count is one of the risk
factors for perioperative fever, whereas Munro et al. indicated that routine preoperative measurement
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showed that the platelet count was abnormally low in less than 1.1% of patients, and that platelet count
results rarely, if ever, lead to a change in patient management [43]. In addition, since housemates have
been reported to be a predictor of successful surgical treatment for morbid obesity, there is a slight
suggestion that the presence of housemates may have an effect on the patient’s BMI prior to surgery
and secondarily on complication prevention [44].

For the interpretation of the relationship between oral health status (number of teeth) and
postoperative fever, we can refer to a similar study by Inai et al. [21], which was designed to determine
the risk factors associated with postoperative complications after surgery under general anesthesia
according to respiratory function test results and oral conditions. They indicated that the most
important risk factor for pneumonia was edentulism. Hence, the conclusion that edentulism is a risk
factor for postoperative complications is very similar to the results of our study, in which a low number
of teeth was a risk factor for postoperative fever. In addition, notably, the O’Leary plaque control
record (an index of the oral bacterial count) was not associated with the presence of postoperative
complications in their study. This is the same result as in our study, where the oral bacterial count
value was not a risk factor for postoperative fever in the multivariate analysis. A number of reports
show that a low number of teeth and poor oral function are risk factors for pneumonia and fever
in institutionalized seniors [45,46]. Certainly, the presence of teeth may increase plaque retention
factors, but more teeth are better for any patient, because tooth loss has been shown to affect morbidity,
such as pneumonia [47]. In summary, the loss of oral function due to tooth loss may increase the risk
of postoperative complications such as fever. Therefore, we suggest that while a higher number of
teeth and good occlusal function are better for patients undergoing lung cancer surgery, it is important
to reduce the oral plaque count through thorough POM. The greater the number of teeth of the lung
cancer patients planning for surgical intervention, the more intense POM should be considered in
perioperative management. Under- or over-weight patients scheduled for lung cancer surgery should
always see a dentist, oral surgeon, and dental hygienist, especially since reducing oral bacterial counts
in dentulous patients through POM is a variable and fast-acting intervention compared to dental
prosthetic treatment.

Our study had three limitations. First, factors that can affect the results such as surgical procedure,
histopathological type, blood loss, and respiratory history were not reported. Second, the middle dorsal
surface of the tongue was used for measurement of oral bacteria count with the bacteria detection
apparatus, so the site cannot be treated as a representative value of all oral bacteria and is a substitute
indirect objective value. However, this potential source of error due to the procedure is calibrated,
and, therefore, it is not necessary to consider it. Third, some biases may exist because of the following
reasons: the study had a retrospective single center design, multiple dentists/oral surgeons and dental
hygienists performed POM, there were differences in cancer severity among patients, and the included
patients were highly literate regarding oral hygiene with an understanding of the need for POM.
Thus, it is possible that this may have influenced the results that were associated with postoperative
fever, and, therefore, a prospective multicenter study should be conducted in the future.

5. Conclusions

This study showed that POM can reduce the level of oral bacterial counts, and it was also
suggested that BMI is one of the risk factors for postoperative fever after lung cancer surgery. The risk
of postoperative complications is lower with dentulous patients, but appropriate POM is essential for
prevent of complication. Therefore, POM may play an important role in perioperative management of
lung cancer patients.



Healthcare 2020, 8, 405 11 of 13

Author Contributions: Conceptualization, Y.M., Y.F. and T.K.; methodology, C.I., Y.M. and T.K.; validation, Y.S.-T.
and S.S.; formal analysis, Y.M.; investigation, C.I., Y.M., Y.S.-T., and S.S.; resources, Y.F. and T.K.; data curation,
C.I. and Y.M.; writing—original draft preparation, C.I. and Y.M.; writing—review and editing, S.S. and T.K.;
visualization, Y.M.; supervision, Y.F. and T.K.; project administration, Y.F. and T.K. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors thank all the patients who took part in this study. We would also like to express
our appreciation to all the staff members of the Department of Oral and Maxillofacial Surgery of Shimane University
and the Department of Oral and Maxillofacial Surgery of Kagawa Prefectural Central Hospital for their kind
assistance and support. In particular, we would like to express our gratitude to Tsukasa Kishimoto, Satoe Okuma,
Akane Shibata, and all the dental hygienists who conducted this research for their valuable contributions.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kurasawa, Y.; Maruoka, Y.; Sekiya, H.; Negishi, A.; Mukohyama, H.; Shigematsu, S.; Sugizaki, J.; Karakida, K.;
Ohashi, M.; Ueno, M.; et al. Pneumonia prevention effects of perioperative oral management in approximately
25,000 patients following cancer surgery. Clin. Exp. Dent. Res. 2020, 6, 165–173. [CrossRef]

2. Mori, K.; Horinouchi, M.; Domitsu, A.; Shimotahira, T.; Soutome, S.; Yamaguchi, T.; Oho, T. Proper oral
hygiene protocols decreased inflammation of gingivitis in a patient during chemotherapy with bevacizumab:
A case report. Clin. Case Rep. 2017, 5, 1352–1357. [CrossRef] [PubMed]

3. Yoneyama, T.; Yoshida, M.; Matsui, T.; Sasaki, H. Oral care and pneumonia. Oral Care Working Group.
Lancet 1999, 354, 515. [CrossRef]

4. Mori, H.; Hirasawa, H.; Oda, S.; Shiga, H.; Matsuda, K.; Nakamura, M. Oral care reduces incidence of
ventilator-associated pneumonia in ICU populations. Intensive Care Med. 2006, 32, 230–236. [CrossRef]

5. Nobuhara, H.; Yanamoto, S.; Funahara, M.; Matsugu, Y.; Hayashida, S.; Soutome, S.; Kawakita, A.; Ikeda, S.;
Itamoto, T.; Umeda, M. Effect of perioperative oral management on the prevention of surgical site infection
after colorectal cancer surgery: A multicenter retrospective analysis of 698 patients via analysis of covariance
using propensity score. Medicine 2018, 97, e12545. [CrossRef]

6. Soutome, S.; Yanamoto, S.; Funahara, M.; Hasegawa, T.; Komori, T.; Oho, T.; Umeda, M. Preventive Effect
on Post-Operative Pneumonia of Oral Health Care among Patients Who Undergo Esophageal Resection:
A Multi-Center Retrospective Study. Surg. Infect. (Larchmt) 2016, 17, 479–484. [CrossRef]

7. Nishikawa, M.; Honda, M.; Kimura, R.; Kobayashi, A.; Yamaguchi, Y.; Kobayashi, H.; Kawamura, H.;
Nakayama, Y.; Todate, Y.; Takano, Y.; et al. Clinical impact of periodontal disease on postoperative
complications in gastrointestinal cancer patients. Int. J. Clin. Oncol. 2019, 24, 1558–1564. [CrossRef]
[PubMed]

8. Ishimaru, M.; Matsui, H.; Ono, S.; Hagiwara, Y.; Morita, K.; Yasunaga, H. Preoperative oral care and effect on
postoperative complications after major cancer surgery. Br. J. Surg. 2018, 105, 1688–1696. [CrossRef]

9. Kamiyoshihara, M.; Igai, H.; Ibe, T.; Kawatani, N.; Uchiyama, T.; Gomi, A.; Takahashi, S.; Otake, H.;
Shimizu, K.; Mogi, A.; et al. Perioperative Oral Management of Lung Cancer Patients; Medical, Dental, and
Regional Dental Clinic Collaboration. Jpn. J. Thorac. Surg. 2016, 69, 4–11.

10. Nishino, T.; Yoshida, T.; Inoue, S.; Aoyama, M.; Takizawa, H.; Tangoku, A.; Yamamura, Y.; Azuma, M.
Perioperative Oral Management for Esophageal Cancer and Lung Cancer Surgery. Nihon Geka Gakkai Zasshi
2017, 118, 155–160. [PubMed]

11. Safdar, N.; Crnich, C.J.; Maki, D.G. The pathogenesis of ventilator-associated pneumonia: Its relevance to
developing effective strategies for prevention. Respir Care 2005, 50, 725–739, discussion 739–741. [PubMed]

12. Sato, S.; Nakamura, M.; Shimizu, Y.; Goto, T.; Kitahara, A.; Koike, T.; Tsuchida, M. Impact of postoperative
complications on outcomes of second surgery for second primary lung cancer. Surg. Today 2020. (Online ahead
of print). [CrossRef] [PubMed]

13. Lewis, R.; Hendry, M.; Din, N.; Stanciu, M.A.; Nafees, S.; Hendry, A.; Teoh, Z.H.; Lloyd, T.; Parsonage, R.;
Neal, R.D.; et al. Pragmatic methods for reviewing exceptionally large bodies of evidence: Systematic
mapping review and overview of systematic reviews using lung cancer survival as an exemplar. Syst. Rev.
2019, 8, 171. [CrossRef] [PubMed]

http://dx.doi.org/10.1002/cre2.264
http://dx.doi.org/10.1002/ccr3.1034
http://www.ncbi.nlm.nih.gov/pubmed/28781858
http://dx.doi.org/10.1016/S0140-6736(05)75550-1
http://dx.doi.org/10.1007/s00134-005-0014-4
http://dx.doi.org/10.1097/MD.0000000000012545
http://dx.doi.org/10.1089/sur.2015.158
http://dx.doi.org/10.1007/s10147-019-01513-y
http://www.ncbi.nlm.nih.gov/pubmed/31332612
http://dx.doi.org/10.1002/bjs.10915
http://www.ncbi.nlm.nih.gov/pubmed/30183176
http://www.ncbi.nlm.nih.gov/pubmed/15913465
http://dx.doi.org/10.1007/s00595-020-02038-y
http://www.ncbi.nlm.nih.gov/pubmed/32488477
http://dx.doi.org/10.1186/s13643-019-1087-4
http://www.ncbi.nlm.nih.gov/pubmed/31311605


Healthcare 2020, 8, 405 12 of 13

14. Agostini, P.; Cieslik, H.; Rathinam, S.; Bishay, E.; Kalkat, M.S.; Rajesh, P.B.; Steyn, R.S.; Singh, S.; Naidu, B.
Postoperative pulmonary complications following thoracic surgery: Are there any modifiable risk factors?
Thorax 2010, 65, 815–818. [CrossRef]

15. Im, Y.; Park, H.Y.; Shin, S.; Shin, S.H.; Lee, H.; Ahn, J.H.; Sohn, I.; Cho, J.H.; Kim, H.K.; Zo, J.I.; et al. Prevalence
of and risk factors for pulmonary complications after curative resection in otherwise healthy elderly patients
with early stage lung cancer. Respir. Res. 2019, 20, 136. [CrossRef]

16. Yang, R.; Wu, Y.; Yao, L.; Xu, J.; Zhang, S.; Du, C.; Chen, F. Risk factors of postoperative pulmonary
complications after minimally invasive anatomic resection for lung cancer. Ther. Clin. Risk Manag. 2019,
15, 223–231. [CrossRef]

17. Yadav, S.R.; Kini, V.V.; Padhye, A. Inhibition of Tongue Coat and Dental Plaque Formation by Stabilized
Chlorine Dioxide vs. Chlorhexidine Mouthrinse: A Randomized, Triple Blinded Study. J. Clin. Diagn. Res.
2015, 9, ZC69. [CrossRef]

18. Hamada, R.; Suehiro, J.; Nakano, M.; Kikutani, T.; Konishi, K. Development of rapid oral bacteria detection
apparatus based on dielectrophoretic impedance measurement method. IET Nanobiotechnol. 2011, 5, 25–31.
[CrossRef]

19. Kikutani, T.; Tamura, F.; Tashiro, H.; Yoshida, M.; Konishi, K.; Hamada, R. Relationship between oral bacteria
count and pneumonia onset in elderly nursing home residents. Geriatr. Gerontol. Int. 2015, 15, 417–421.
[CrossRef]

20. Suzuki, H.; Matsuo, K.; Okamoto, M.; Nakata, H.; Sakamoto, H.; Fujita, M. Perioperative changes in oral
bacteria number in patients undergoing cardiac valve surgery. J. Oral Sci. 2019, 61, 526–528. [CrossRef]

21. Inai, Y.; Nomura, Y.; Takarada, T.; Hanada, N.; Wada, N. Risk factors for postoperative pneumonia according
to examination findings before surgery under general anesthesia. Clin. Oral Investig. 2020, 24, 3577–3585.
[CrossRef] [PubMed]

22. Minami, S.; Ihara, S.; Nishimatsu, K.; Komuta, K. Low Body Mass Index Is an Independent Prognostic Factor
in Patients With Non-Small Cell Lung Cancer Treated With Epidermal Growth Factor Receptor Tyrosine
Kinase Inhibitor. World J. Oncol. 2019, 10, 187–198. [CrossRef] [PubMed]

23. Ohara, Y.; Yoshida, N.; Kawai, H.; Obuchi, S.; Yoshida, H.; Mataki, S.; Hirano, H.; Watanabe, Y. Development
of an oral health-related self-efficacy scale for use with older adults. Geriatr. Gerontol. Int. 2017, 17, 1406–1411.
[CrossRef] [PubMed]

24. Kikutani, T.; Tamura, F.; Takahashi, Y.; Konishi, K.; Hamada, R. A novel rapid oral bacteria detection
apparatus for effective oral care to prevent pneumonia. Gerodontology 2012, 29, e560–e565. [CrossRef]
[PubMed]

25. Masaoka, Y.; Hiraki, T.; Gobara, H.; Iguchi, T.; Fujiwara, H.; Matsui, Y.; Toyooka, S.; Soh, J.; Kiura, K.;
Kanazawa, S. Fever after lung radiofrequency ablation: Prospective evaluation of its incidence and associated
factors. Eur. J. Radiol. 2015, 84, 2202–2209. [CrossRef] [PubMed]

26. Ettinger, D.S.; Wood, D.E.; Aggarwal, C.; Aisner, D.L.; Akerley, W.; Bauman, J.R.; Bharat, A.; Bruno, D.S.;
Chang, J.Y.; Chirieac, L.R.; et al. NCCN Guidelines Insights: Non-Small Cell Lung Cancer, Version 1.2020.
J. Natl. Compr. Cancer Netw. 2019, 17, 1464–1472. [CrossRef]

27. Gubens, M.A.; Davies, M. NCCN Guidelines Updates: New Immunotherapy Strategies for Improving
Outcomes in Non-Small Cell Lung Cancer. J. Natl. Compr. Cancer Netw. 2019, 17, 574–578. [CrossRef]

28. Zhong, L.; Suo, J.; Wang, Y.; Han, J.; Zhou, H.; Wei, H.; Zhu, J. Prognosis of limited-stage small cell lung cancer
with comprehensive treatment including radical resection. World J. Surg. Oncol. 2020, 18, 27. [CrossRef]

29. Kalemkerian, G.P.; Loo, B.W.; Akerley, W.; Attia, A.; Bassetti, M.; Boumber, Y.; Decker, R.; Dobelbower, M.C.;
Dowlati, A.; Downey, R.J.; et al. NCCN Guidelines Insights: Small Cell Lung Cancer, Version 2.2018. J. Natl.
Compr. Cancer Netw. 2018, 16, 1171–1182. [CrossRef]

30. Bunetel, L.; Tamanai-Shacoori, Z.; Martin, B.; Autier, B.; Guiller, A.; Bonnaure-Mallet, M. Interactions between
oral commensal Candida and oral bacterial communities in immunocompromised and healthy children.
J. Mycol. Med. 2019, 29, 223–232. [CrossRef]

31. Inoue, M.; Okumura, M.; Sawabata, N.; Miyaoka, E.; Asamura, H.; Yoshino, I.; Tada, H.; Fujii, Y.; Nakanishi, Y.;
Eguchi, K.; et al. Clinicopathological characteristics and surgical results of lung cancer patients aged up
to 50 years: The Japanese Lung Cancer Registry Study 2004. Lung Cancer 2014, 83, 246–251. [CrossRef]
[PubMed]

http://dx.doi.org/10.1136/thx.2009.123083
http://dx.doi.org/10.1186/s12931-019-1087-x
http://dx.doi.org/10.2147/TCRM.S195010
http://dx.doi.org/10.7860/JCDR/2015/14587.6510
http://dx.doi.org/10.1049/iet-nbt.2010.0011
http://dx.doi.org/10.1111/ggi.12286
http://dx.doi.org/10.2334/josnusd.18-0380
http://dx.doi.org/10.1007/s00784-020-03230-7
http://www.ncbi.nlm.nih.gov/pubmed/32034545
http://dx.doi.org/10.14740/wjon1244
http://www.ncbi.nlm.nih.gov/pubmed/31921375
http://dx.doi.org/10.1111/ggi.12873
http://www.ncbi.nlm.nih.gov/pubmed/27531046
http://dx.doi.org/10.1111/j.1741-2358.2011.00517.x
http://www.ncbi.nlm.nih.gov/pubmed/21812809
http://dx.doi.org/10.1016/j.ejrad.2015.07.009
http://www.ncbi.nlm.nih.gov/pubmed/26223777
http://dx.doi.org/10.6004/jnccn.2019.0059
http://dx.doi.org/10.6004/jnccn.2019.5005
http://dx.doi.org/10.1186/s12957-020-1807-1
http://dx.doi.org/10.6004/jnccn.2018.0079
http://dx.doi.org/10.1016/j.mycmed.2019.06.004
http://dx.doi.org/10.1016/j.lungcan.2013.11.007
http://www.ncbi.nlm.nih.gov/pubmed/24296124


Healthcare 2020, 8, 405 13 of 13

32. Ozcaka, O.; Basoglu, O.K.; Buduneli, N.; Tasbakan, M.S.; Bacakoglu, F.; Kinane, D.F. Chlorhexidine decreases
the risk of ventilator-associated pneumonia in intensive care unit patients: A randomized clinical trial.
J. Periodontal Res. 2012, 47, 584–592. [CrossRef] [PubMed]

33. Dale, C.M.; Rose, L.; Carbone, S.; Smith, O.M.; Burry, L.; Fan, E.; Amaral, A.C.K.; McCredie, V.A.; Pinto, R.;
Quinonez, C.R.; et al. Protocol for a multi-centered, stepped wedge, cluster randomized controlled trial of the
de-adoption of oral chlorhexidine prophylaxis and implementation of an oral care bundle for mechanically
ventilated critically ill patients: The CHORAL study. Trials 2019, 20, 603. [CrossRef] [PubMed]

34. Nakata, H.; Matsuo, K.; Suzuki, H.; Yoshihara, A. Perioperative changes in knowledge and attitude toward
oral health by oral health education. Oral Dis. 2019, 25, 1214–1220. [CrossRef]

35. Tanda, N.; Hoshikawa, Y.; Sato, T.; Takahashi, N.; Koseki, T. Exhaled acetone and isoprene in perioperative
lung cancer patients under intensive oral care: Possible indicators of inflammatory responses and metabolic
changes. Biomed. Res. 2019, 40, 29–36. [CrossRef] [PubMed]

36. Rotman, J.A.; Plodkowski, A.J.; Hayes, S.A.; de Groot, P.M.; Shepard, J.A.; Munden, R.F.; Ginsberg, M.S.
Postoperative complications after thoracic surgery for lung cancer. Clin. Imaging 2015, 39, 735–749. [CrossRef]
[PubMed]

37. Kanda, M. Correction to: Preoperative predictors of postoperative complications after gastric cancer resection.
Surg. Today 2020, 50, 321. [CrossRef] [PubMed]

38. Cinar, M.; Tokmak, A.; Guzel, A.I.; Aksoy, R.T.; Ozer, I.; Yilmaz, N.; Doganay, M. Association of clinical
outcomes and complications with obesity in patients who have undergone abdominal myomectomy. J. Chin.
Med. Assoc. 2016, 79, 435–439. [CrossRef]

39. Aghi, M.K.; Eskandar, E.N.; Carter, B.S.; Curry, W.T., Jr.; Barker, F.G., 2nd. Increased prevalence of obesity
and obesity-related postoperative complications in male patients with meningiomas. Neurosurgery 2007,
61, 754–760, discussion 751–760. [CrossRef]

40. Harmanli, O.; Esin, S.; Knee, A.; Jones, K.; Ayaz, R.; Tunitsky, E. Effect of obesity on perioperative outcomes
of laparoscopic hysterectomy. J. Reprod. Med. 2013, 58, 497–503.

41. Walid, M.S.; Sahiner, G.; Robinson, C.; Robinson, J.S., 3rd; Ajjan, M.; Robinson, J.S., Jr. Postoperative fever
discharge guidelines increase hospital charges associated with spine surgery. Neurosurgery 2011, 68, 945–949,
discussion 949. [CrossRef]

42. Ikebe, K.; Matsuda, K.; Morii, K.; Nokubi, T.; Ettinger, R.L. The relationship between oral function and body
mass index among independently living older Japanese people. Int. J. Prosthodont. 2006, 19, 539–546.

43. Munro, J.; Booth, A.; Nicholl, J. Routine preoperative testing: A systematic review of the evidence.
Health Technol. Assess. 1997, 1, i. [CrossRef]

44. Farup, P.G. Are the Results of a Combined Behavioural and Surgical Treatment of Morbid Obesity Satisfactory
and Predictable? Nutrients 2020, 12, 1997. [CrossRef]

45. Sakashita, R.; Sato, T.; Ono, H.; Hamaue, A.; Hamada, M. Impact of the Consistency of Food Substances
on Health and Related Factors of Residents in Welfare Facilities for Seniors in Japan. Dent. J. 2020, 8, 9.
[CrossRef]

46. Hollaar, V.; van der Maarel-Wierink, C.; van der Putten, G.J.; de Swart, B.; de Baat, C. Effect of daily application
of a 0.05% chlorhexidine solution on the incidence of (aspiration) pneumonia in care home residents: Design
of a multicentre cluster randomised controlled clinical trial. BMJ Open 2015, 5, e007889. [CrossRef]

47. Suma, S.; Naito, M.; Wakai, K.; Naito, T.; Kojima, M.; Umemura, O.; Yokota, M.; Hanada, N.; Kawamura, T.
Tooth loss and pneumonia mortality: A cohort study of Japanese dentists. PLoS ONE 2018, 13, e0195813.
[CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/j.1600-0765.2012.01470.x
http://www.ncbi.nlm.nih.gov/pubmed/22376026
http://dx.doi.org/10.1186/s13063-019-3673-0
http://www.ncbi.nlm.nih.gov/pubmed/31651364
http://dx.doi.org/10.1111/odi.13048
http://dx.doi.org/10.2220/biomedres.40.29
http://www.ncbi.nlm.nih.gov/pubmed/30787261
http://dx.doi.org/10.1016/j.clinimag.2015.05.013
http://www.ncbi.nlm.nih.gov/pubmed/26117564
http://dx.doi.org/10.1007/s00595-019-01948-w
http://www.ncbi.nlm.nih.gov/pubmed/31915992
http://dx.doi.org/10.1016/j.jcma.2016.02.008
http://dx.doi.org/10.1227/01.NEU.0000298903.63635.E3
http://dx.doi.org/10.1227/NEU.0b013e318209c80a
http://dx.doi.org/10.3310/hta1120
http://dx.doi.org/10.3390/nu12071997
http://dx.doi.org/10.3390/dj8010009
http://dx.doi.org/10.1136/bmjopen-2015-007889
http://dx.doi.org/10.1371/journal.pone.0195813
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Regular Perioperative Oral Management in Kagawa Prefectural Central Hospital 
	Data Sources and Search Strategy 
	Study Variables 
	Oral Bacteria Count 
	Study Outcomes 
	Statistical Analyses 

	Results 
	Patient Demographics and Characteristics 
	Longitudinal Changes in the Level of Oral Bacterial Counts 
	Risk Factors for Postoperative Fever Duration by Logistic Regression Analysis 

	Discussion 
	Conclusions 
	References

