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Abstract

Purpose Postoperative wound infection (WI) is a main
complication after head and neck surgery. Poor oral health
may be a risk factor for WI. We therefore assessed the
contribution of oral health care in preventing postoperative
WI in patients with oral squamous cell carcinoma (OSCC).
Methods A total of 66 consecutive inpatients with OSCC
(mean age, 68 years) was divided into two groups that did
or did not receive oral health care. There were no
significant between group differences in gender, age, or
T-, N-, or clinical stage. Patients in the care group were
given oral health care plans by doctors of oral medicine,
whereas patients in the control group were not. Twenty-
three variables were recorded for each patient.

Results WI was observed in 14/66 patients (21%), three (3/
33=9%) in the care group and 11 (11/33=33%) in the control
group (p<0.025). Univariate statistical analysis showed that
11 factors correlated with WI significantly: T-stage, clinical
stage, wearing of dentures, tracheostomy, neck dissection,
tissue transplantation, oral health care, preoperative radiation,
blood transfusion, operation time, and blood loss. In multiple
logistic regression analysis, only two factors were significant
independent risk factors for WI: tissue transplantation (p=
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0.01; odds ratio, 24.5) and lack of oral health care (p=0.04;
odds ratio, 6.0).

Conclusion Oral health care may reduce the risk of
postoperative WI in patients with OSCC.

Keywords Oral health care - Wound infection - Tissue
transplantation - Oral cancer- Squamous cell carcinoma

Introduction

The number of the patients with oral cancer is increasing
gradually. Although diagnostic modalities and therapeutic
management of oral cancer have improved, there has been
little improvement in treatment outcome, frequency of
complications after surgery, and prognosis of patients with
advanced oral cancer [16]. Complications after surgery for
patients with oral cancer increase treatment costs and lower
patient quality of life (QOL), and can also affect prognosis
[6, 15]. Postoperative infection is a major complication, and
includes wound infection (WI) and non-wound infection
(NWID) [5, 8]. WI may cause significant morbidity, poor
cosmetic results, delayed wound healing, and prolonged
hospitalization [5, 8], leading to delayed postoperative
cancer treatment. Patients with postoperative WI were more
likely to have recurrent disease than those who remained
free of postoperative WI [8]. Therefore, it is so important to
prevent WI in patients with oral squamous cell carcinoma
(OSCCO).

WI rate after surgery is mainly determined by the degree
of contamination of the wound [5]. Surgery of oral cancer is
usually clean contaminated, and develops relatively high
rates of WI. Grandis et al. [8] reported that postoperative
WI developed in 22% of patients with head and neck SCC.
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De Melo et al. [6] reported a WI rate of 23% in patients
with OSCC. Preoperative risk factors for postoperative WI
are thought to be related to the patients (e.g., diabetes
mellitus, nutritional deficiency, excessive tobacco, and/or
alcohol intake, poor oral health and dental status), to the
tumor (e.g., stage and localization of the tumor), and to the
treatment (e.g., prior radiotherapy, prior chemotherapy, or
tracheostomy) [5, 6, 11, 13, 14]. Intraoperative risk factors
are thought to be related to the type of surgical procedure
(e.g., extent of resection, method of reconstruction, and
individual surgical technique) [8, 9, 13].

Microorganisms in the oral cavity may be sources of
pathogenesis of postoperative WI and NWI, including
bacterial pneumonia following head and neck surgery [,
12]. Oral health care has been found to reduce the number
of microorganisms in the oral cavity, thereby decreasing the
incidence of bacterial pneumonia [21]. We started
performing systematic oral health care in patients with
OSCC in April 2006 to prevent NWI including bacterial
pneumonia. We hypothesized that poor oral health may be
also an important risk factor for postoperative WI in
patients with oral cancer. Many of these patients have poor
oral health due to their inability to perform adequate oral
care because of the pain and swelling caused by oral cancer
[17]. Moreover, dry mouth and impairment of self-cleaning
of the oral cavity worsens their oral health. To our
knowledge, it has not been determined whether oral health
care would lower the risk of postoperative WI in patients

with OSCC. We therefore assessed whether systematic oral
health care could prevent postoperative WI during treat-
ment of inpatients with OSCC.

Patients and methods
Patients

The study included 66 consecutive inpatients with OSCC at
Hokkaido University Hospital between 2005 and 2007. Of
these patients, 40 (61%) were men and 26 (39%) were
women; their average age was 68 years (range, 24-
89 years). Thirty-three patients referred to our hospital
from April 2006 to March 2007 received systematic oral
health care (care group), whereas 33 referred from April
2005 to March 2006 did not receive systematic oral health
care (control group). As we started systematic oral health
care to the patients with OSCC in April 2006, the patients
were divided into two groups automatically according to
the term of administration. Gender, age, the primary tumor
sites, T-stage, N-stage, and clinical stage of both groups are
listed in Table 1. There were no significant between group
differences in gender distribution, patient age, or T-stage,
N-stage, or clinical stage (Table 1).

This study was approved by the Institutional Review
Boards of Hokkaido University, Graduate School of Dental
Medicine (20006).

Table 1 Factors correlated to
the patients and tumor

Care group (n=33)

Control group (n=33) Statistical analysis

Gender
Male: n=40 18 (45%) 22 (55%) N. S. (chi-square: 1.0)
Female: n=26 15 (58%) 11 (42%)
Age (years)
Median (range) 70 (48-85) 68 (24-89) N. S. (p=0.60)*
Primary sites
Tongue 10 (30%) 15 (45%)
Upper gingiva 9 (27%) 4 (12%)
Lower gingiva 5 (15%) 6 (18%)
Buccal mucosa 5 (15%) 4 (12%)
Oral floor 2 (6%) 3 (9%)
Palate 2 (6%) 1 (3%)
T-stage
T1 + T2: n=48 24 (50%) 24 (50%) N. S. (chi-square: 0)
T3 + T4: n=18 9 (50%) 9 (50%)
N-stage
N (-): n=54 29 (54%) 25 (46%) N. S. (chi-square: 1.6)
N (+): n=54 4 (33%) 8 (67%)
Clinical stage
. = 0, 0, 1 .
NS not significant I+ 1V i 12 (5200 o e

# Mann-Whitney test
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Treatment

All 66 patients underwent surgery, with 18 receiving pre-
operative chemotherapy and 11 receiving preoperative
radiotherapy. Surgical technique (i.e., tracheostomy, radical
neck dissection) and pre-operative radiation and chemo-
therapy in the care and control groups are listed in Tables 2
and 3. Tissue transplantation was performed in 18 patients
in the care group (53%) and 16 in the control group (47%).
Free flap transplantation with microsurgery was performed
on four patients in the care group, with three receiving
rectus abdominis musculocutaneous flaps and one receiving
an anterolateral thigh flap. Free flap transplantation was
performed on five patients in the control group, with one
receiving a rectus abdominis musculocutaneous flap, two
receiving osteocutaneous scapular flaps, and two receiving
anterolateral thigh flaps. Split-thickness skin grafts were
performed in 14 patients in the care group and 11 in the
control group. Primary closure was performed in eight and
ten patients, respectively, with collagen-based artificial

dermis (TERUDERMIS®; Olympus Terumo Biomaterials
Corp. Tokyo, Japan) used for closure in seven patients in
each group (Table 3). No patients entered the intensive care
unit after surgery.

Systematic oral health care and dental status

Each patient in the care group was given an oral health care
plan by doctors of oral medicine and dental hygienists,
including professional mechanical teeth cleaning (PMTC),
scaling, and instruction on how to care for their oral health.
Each patient in the care group received PMTC and scaling
at least one time until surgery. Each patient was instructed
on the manner of tooth brushing using appropriate dental
brush and dental floss, on cleaning the oral mucosa and
tongue using a sponge brush and mouth rinse (Biotene
Mouthwash®; Incorporated Healthcare Products, Gardena,
CA, USA) and on the application of oral moisturizing gel
(Biotene Oral Balance®; Incorporated Healthcare Products,
Gardena, CA, USA) to the oral mucosa. This mouth rinse

Table 2 Factors correlated to
the patients and pre-operative

Care group (n=33)

Control group (n=33) Statistical analysis

status
Diabetes mellitus

Present: n=11 7 (64%) 4 (36%) N. S. (chi-square: 1.0)
Absent: n=55 26 (47%) 29 (53%)

Tobacco history
Present: n=30 11 (37%) 19 (63%) »<0.05 chi-square: 3.9
Absent: n=36 22 (61%) 14 (39%)

Alcohol history
Present: n=32 14 (44%) 18 (56%) N. S. (chi-square: 1.0)
Absent: n=34 19 (56%) 15 (44%)

Teeth status
Dentulous: n=56 27 (48%) 29 (52%) N. S. (chi-square: 1.2)
Edentulous: n=10 6 (60%) 4 (40%)

Denture
Present: n=37 22 (59%) 15 (41%) N. S. (chi-square: 1.0)
Absent: n=29 11 (38%) 18 (62%)

Periodontal diseases
Present: n=30 19 (58%) 11 (42%) P<0.05 (chi-square: 3.9)
Absent: n=36 14 (39%) 22 (61%)

Preoperative chemotherapy
Present: n=18 9 (50%) 9 (50%) N. S. (chi-square: 0)
Absent: n=48 24 (50%) 24 (50%)

Preoperative radiation
Present: n=11 4 (36%) 7 (64%) N. S. (chi-square: 1.0)
Absent: n=55 29 (53%) 26 (47%)

Preoperative WBC (/uL)

Median (range) 5,500 (2,600-10,300) 5,700 (3,000-9,600) N. S. (p=0.99)"
Preoperative albumin (g/ml)
Median (range) 42 (2.9-5.1) 42 (3.4-5.0) N. S. (p=0.98)*
WBC white blood cell, N. S. not Hospital stay before surgery (days)
significant Median (range) 14 (3-47) 13 (1-130) N. S. (p=0.77)*

# Mann-Whitney test
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Table 3 Factors correlated to

Control group (n=33)

Control group (n=33) Statistical analysis

operation

Tracheostomy
Present: n=15 6 (40%) 9 (60%) N. S. (chi-square: 0.8)
Absent: n=151 27 (53%) 24 (47%)

Neck dissection
Present: n=16 6 (38%) 10 (62%) N. S. (chi-square: 1.3)
Absent: n=50 27 (54%) 23 (46%)

Tissue transplantation
Present: n=34 18 (53%) 16 (47%) N. S. (chi-square: 0.2)
Free flap: 9 4 5
STSG: 25 14 11
Absent: n=32 15 (47%) 17 (53%)
Primary closure: 18 8 10
Artificial dermis: 14 7 7

Operation time (minutes)
Median (range) 147 (34-949) 136 (25-1,220) N.S. (p=0.78)"

Blood loss (ml)
Median (range) 100 (5-2,700) 93 (5-1,873) N.S. (p=0.86)"

o ) Blood transfusion
iT %Glffth;g;‘fflff;ﬁf skin graft, Present: n=10 4 (40%) 6 (60%) N. S. (chi-square: 0.5)

Absent: n=56 29 (52%) 27 (48%)

# Mann-Whitney test

was selected as it is an available alcohol-free mouth rinse
[18], that contains the enzymes; lysozyme, sialoperoxidase,
and lactoferin. These enzymes have been shown to have
anti-microbial effects in the oral cavity [6, 7]. Care was
carefully applied to avoid irritation to the tumor site. The
doctors of oral medicine performed care on each patient once
a day, and the patients performed self-care five times per day
from the first day of admission to the day before surgery. On
the first day following surgery, the doctors and the patients
continued to perform oral health care in the same manner. If
the patients could not perform this oral health care by
themselves, the doctors supported them in this care. All of
the patients could perform oral health care independently by
themselves. In the control group, special care was not
applied by dentists and dental hygienists, with only self-
care performed as usual. From the next day following
surgery, the dentist performed oral care around the wound
one or two times per day with physiological saline.

At the time of operation, 56 patients were dentulous, ten
were edentulous, and 37 were wearing dentures. Periodontal
diseases were evaluated according to periodontal status
described by WHO [3, 20]. In the present study, 30 patients
were defined as having periodontal disease (Table 2). The
percentage of patients with periodontal disease was signifi-
cantly higher in the care group than in the control group (chi-
square: 3.9: p<0.05). However, there were no significant
differences between the two groups for teeth or denture
status (Table 2). Radiographs revealed chronic apical lesions
in six cases in the care group and seven cases in the control
group. Preoperatively, “bad teeth” were extracted in three

@ Springer

cases and four cases, and during surgery, in ten and three
cases in the care and control groups, respectively. These teeth
were extracted because of periodontal disease, apical lesions,
advanced caries, and inclusion in the extent of resection of
cancer. There were no significant correlations between these
dental treatments and WI (data not shown).

Antibiotic

All patients in both groups were administrated cephalospo-
rin antimicrobial drugs (cefazolin sodium: 2 g/day or
cefmetazole sodium: 2 g/day), beginning just before
surgery, and continuing for 3 days after surgery.

Definition of WI

According to the criteria of Johnson et al., WI was defined
as the presence of purulent drainage from the wound or the
presence of an orocutaneous fistula regardless of origin.
Erythema, induration, or tenderness around the suture line
was not accepted as indicative of WI. WI was defined only
when the microbial cultures revealed positive [4, 8, 13].

Factors

The 23 variables recorded for each patient included patient
characteristics (gender, age, tobacco and alcohol history,
diabetes mellitus, teeth and denture status, periodontal
diseases, preoperative white blood count, and preoperative
serum albumin levels), disease characteristics (T-stage, N-
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Table 4 Factors correlated to wound infection: univariate statistical analysis I

Wound infection

Presence (n=14)

Absence (n=52)

Statistical tests

Gender

Male: n=40
Female: n=26

T-stage
T1+T2: n=48
T3+T4: n=18

N-stage
N (-): n=54
N (+): n=12
Clinical stage

1+1I: n=43
I+1V: n=23

Diabetes mellitus

Present: n=11
Absent: n=55

Tobacco history

Present: n=30
Absent: n=36

Alcohol history

Present: n=32
Absent: n=34

Teeth status

Dentulous: n=56
Edentulous: n=10

Denture

Present: n=37
Absent: n=29

Periodontal diseases

Present: n=30
Absent: n=36

Preoperative chemotherapy

Present: n=18
Absent: n=48

Preoperative radiation

Present: n=11
Absent: n=55

Tracheostomy

Present: n=15
Absent: n=51

Neck dissection

Present: n=16
Absent: n=50

Tissue transplantation

Present: n=33
Absent: n=33

Oral health care

Present: n=33
Absent: n=33

Blood transfusion

Present: n=10
Absent: n=56

Age (years)
Median (range)

11 (28%)
3 (12%)

7 (15%)
7 (39%)

9 (17%)
5 (42%)

6 (14%)
8 (35%)

2 (18%)
12 (22%)

8 (27%)
6 (17%)

8 (25%)
6 (18%)

14 (25%)
0

4 (11%)
10 (34%)

8 (27%)
6 (17%)

5 (28%)
9 (19%)

6 (55%)
8 (15%)

7 (47%)
7 (14%)

7 (44%)
7 (14%)

13 (39%)
1 (3%)

3 (9%)
11 (33%)

6 (60%)
8 (14%)

67 (48-85)

29 (72%)
23 (88%)

41 (85%)
11 (61%)

45 (83%)
7 (58%)

37 (86%)
15 (65%)

9 (82%)
43 (78%)

22 (73%)
30 (83%)

24 (75%)
28 (82%)

42 (75%)
10 (100%)

33 (89%)
19 (66%)

22 (73%)
30 (83%)

13 (72%)
39 (81%)

5 (45%)
47 (85%)

8 (53%)
44 (86%)

9 (56%)
43 (86%)

20 (61%)
32 (97%)

30 (91%)
22 (67%)

4 (40%)
48 (86%)

70 (24-89)

N.S: chi-square: 2.4

p<0.05 chi-square: 4.6

N.S: chi-square: 3.7

p<0.025 chi-square: 5.4

N.S: chi-square: 0.1

N.S: chi-square: 0.9

N.S: chi-square: 0.5

N.S: chi-square: 3.2

p<0.025: chi-square: 5.5

N.S: chi-square: 1.0

N.S: chi-square: 0.6

p<0.005 chi-square: 8.8

p<0.01 chi-square: 7.5

p<0.01 chi-square: 7.5

p<0.005 chi-square: 13.1

p<0.025 chi-square: 5.8

p<0.005 chi-square: 10.6

N. S: p=0.60"
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Table 4 (continued)

Wound infection Presence (n=14)

Absence (n=52) Statistical tests

Preoperative WBC (/uL)
Median (range) 6,300 (2,600-10,300)

Preoperative albumin (g/dl)

Median (range) 4.1 (2.9-5.1)
Hospital stay before surgery (days)
Median (range) 14 (3-47)

Operation time (minutes)
Median (range)

Blood loss (ml)
Median (range)

391 (34-949)

372 (5-2,700)

5,500 (3,000-9,600) N. S: p=0.65

4.2 (3.4-5.0) N. S: p=0.08"

13 (1-130) N. S: p=0.34°
125 (25-1,220) p=0.01°
60 (5-1,873) p=0.02°

WBC white blood cell, N. S. not significant
# Mann-Whitney test

stage, and clinical stage), previous treatment (preoperative
chemotherapy, preoperative radiation, oral health care, and
duration of hospital stay before surgery), and surgical
procedure (tissue transplantation, tracheostomy, neck dis-
section, operation time, blood loss, and blood transfusion).

Patients who had smoked prior to hospital admission and
had stopped smoking less than 1 year before admission
were considered as having tobacco habits. All patients were
prevented from smoking while in hospital. Patients who
drank alcohol more than three times per week were
considered as having alcohol habits.

The percentage of the patients with tobacco habits was
significantly higher in the care group than in the control
group (chi-square: 3.9: p<0.05). However, there were no
significant between group differences for the other 19
factors (Tables 1, 2, and 3).

Statistics analysis

For univariate statistical analysis, we used the chi-square
test or the Mann-Whitney U test. For multiple logistic
regression analysis, we used median patient age, operation
time, blood loss, duration of hospital stay before surgery,
white blood cell count, and serum albumin to divide

patients into two groups. Patients with T1/T2, N-negative,
stage I/Il were defined as the “low group”, and those with
T3/T4, N-positive, and stage III/IV were defined as the
“high group”. StatView J-5.0 (Abacus Concepts, Berkeley,
CA, USA) was used for all statistical analyses. All p values
less than 0.05 were considered statistically significant.

Results

Of the 66 patients, 14 (21%) had WI, three of 33 (9%) in
the care group, and 11 of 33 (33%) in the control group (p<
0.025). WI was found in eight cases intraorally, two cases
extraorally, and in four cases as orocutaneous fistula.

In univariate statistical analysis, 11 factors significantly
correlated with WL, including T-stage (p<0.05), clinical
stage (p<0.025), denture status (p<0.025), preoperative
radiation (»p<0.005), tracheostomy (p<0.01), neck dissec-
tion (p<0.025), tissue transplantation (p<0.005), oral
health care (p<0.025), blood transfusion (p<0.005), oper-
ation time (p=0.01), and blood loss (p=0.02; Table 4).

In multiple logistic regression analysis, only two factors
were significant independent risk factors for WI: tissue
transplantation (p=0.01, odds ratio (OR): 24.5, 95%

Table 5 Results of multiple

logistic regression analysis of Factors Chi-square P value Odds ratio 95% CI

wound infection
T-stage 0.21 0.64 1.75 0.16-18.98
Neck dissection 0.24 0.62 1.68 0.21-13.38
Tissue transplantation 6.76 0.01 24.53 2.20-273.63
Oral health care 4.09 0.04 6.02 1.06-34.26
Preoperative radiation 0.10 0.75 1.41 0.17-11.68
Operation time 0.29 0.59 0.52 0.05-5.61
Blood transfusion 0.13 0.72 1.61 0.12-20.80
Denture(s) 1.66 0.20 0.29 0.04-1.92

CI confidence interval
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confidence interval (CI): 2.2-273.6) and oral health care
(»=0.04, OR: 6.0, 95% CI: 1.1-34.3; Table 5).

Discussion

We have shown here that the systematic oral health care
lowered the risk of postoperative WI in patients with
OSCC. To our knowledge, it has not been studied whether
systematic oral health care reduces the risk of post-
operative WI in patients with OSCC.

In selecting factors to evaluate, we chose those previ-
ously shown to be risk factors for post-operative WI [5, 6,
11, 13, 14]. We especially focused on oral health care, since
microorganisms in the oral cavity are possible sources of
pathogens of WI [12]. Many patients with oral cancer have
poor oral health, since they cannot perform adequate oral
care due to, for example, bleeding, dry mouth, pain, and/or
swelling caused by oral cancer. Some tumorigenesis-
associated dysfunctions, such as eating and swallowing
disorders, can seriously impair patient QOL and might
worsen a patient’s oral and general conditions. Moreover,
these dysfunctions can lead to serious complications during
treatment. Oral health care may not only reduce the number
of microorganisms in the oral cavity, but stimulate oral
membranes, leading to activation of the swallowing reflex,
secretion of saliva, and stimulation of muscle functions.
These reactions may contribute to more rapid patient
recovery. Patients undergoing surgery for oral cancers
should be made aware of their conditions and of the need
for oral hygiene.

Several risk factors for WI have been identified in
patients undergoing head and neck surgery [5, 6, 11, 13,
14]. The pathogenesis of WI after head and neck surgery
traditionally has been explained in terms of mechanical
factors, such as tumor size, extent of resection, method of
reconstruction, and individual surgical technique [8, 19].
Patients with stage IV tumors have been found to be at
higher risk for postoperative WI than patients with lower
stage tumors [13]. In addition, complex reconstruction
increases the risk of mucocutaneous fistula and WI [10,
19]. Patients requiring blood transfusion after head and
neck surgery were found to be at increased risk of WI [10,
19], because of decreased phagocytic cell function and
impaired immunity after blood transfusion [2, 14, 19].
Other factors identified as significantly associated with WI
include age, blood loss, operation time, previous chemo-
therapy, tracheostomy, and preoperative duration of hospital
stay [6, 13, 14]. In the present study, univariate analysis
identified the above 11 factors as significantly altering the
incidence of WI. Many of these factors, however, are
related to each other, such as T-stage and clinical stage,
preoperative radiation and duration of hospital stay before

surgery, operation time and blood loss, blood transfusion
and blood loss, neck dissection and tracheostomy, and
operation time and tissue transplantation. We therefore
performed multiple logistic regression analysis to identify
independent risk factors for WIL.

In addition to oral health care, we found that tissue
transplantation was an independent significant risk
factors for WI. Since tissue transplantation is usually
performed for cosmetics reasons and/or to preserve
patient functionality after surgery [14], it is not reasonable
to avoid tissue transplantation, even if it is a significant
risk factor for WI. The result presented here showed that
oral health care effectively prevented WI, independent of
tissue transplantation.

We found it difficult to quantitatively evaluate several
important factors, including nutritional deficiency, tumor
localization, extent of resection, and individual surgical
technique. Although we substituted serum albumin concen-
tration for nutritional conditions, albumin levels may not be
low, even in the presence of nutritional depletion [4].
Tumor localization and extent of resection were excluded
from evaluation, because we evaluated patients with tumors
at various primary sites. Regarding individual surgical
technique, all of the operations were performed by a small
number of oral cancer specialists. Moreover, we thought
that preoperative dental status may be an important risk
factor for postoperative WI. However, univariate statistical
analysis showed that only lack of dentures was a significant
risk factor for WI. Penel et al. [14] reported that the
preoperative dental status (bad, good, or edentulation) were
not significant risk factors for WI in patients with head and
neck cancer. We think that it is very difficult to evaluate
patients’ dental status quantitatively, because each patient
may show several different dental conditions.

Patients with postoperative WI have been found more
likely to develop recurrent disease than those free of
postoperative infection [8]. Thus, efforts to prevent post-
operative WI are very important, especially when consid-
ering an individual patient’s prognosis and QOL.

In conclusion, the results presented here indicate that
oral health care may reduce the risk of postoperative WI in
patients with OSCC. To our knowledge, this study is the
first to demonstrate the usefulness of oral health care for
patients with OSCC.
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