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ABSTRACT 
After radiation or multiple surgeries for oral cancers the patients may 
develop various degree of xerostomia. They have difficulty in swallowing 
and speech, also tend to develop inflammation of mucosa, dental caries 
and even trismus. When the xerostomia is mild, it can be treated with 
medication or just by frequent hydration with water. When the xerostomia 
is more severe surgical correction may be an option, namely using free 
jejunum or colon flap to provide lubrication. However, in the literature there 
was no comparison between free colon and free jejunum flap for surgical 
treatment of xerostomia.  
Our hospital receives a large number of oral cancers due to consumption 
of betel nuts which causes 3000 new cases of oral cancers per year in our 
country. Among our patients 34 had xerostomia treated with surgery. For 
patients who had no family history of colon cancer and colonoscopy 
showed no abnormal findings, a free colon flap was selected for 
reconstruction of xerostomia. When the family history was not clear and 
the patients were old with polyps during previous colonoscopy, free 
jejunum flap was used. 
Technically the free jejunum flap was harvested from the second portion of 
jejunum. For colon flap a segment was harvested from right colon. The 
postoperative results were compared regarding easiness of surgery, 
bacteria count of the flap, amount and quality of lubrication, comfort of 
the mouth (including flavor of secretion), requirement of secondary 
debulking procedures, complications of surgery, infection of lung during 
follow-ups, etc. The patients reported different responses to the 
spontaneous movement of jejunum flap inside the mouth. The bad smell of 
colon flap disappeared after 3 months. The results regarding subjective 
issue were obtained in the outpatient clinic with questionnaire using 5-point 
likert scale. The objective data such as requirement of secondary debulking 
procedures, complications of surgery, and infection of lung during follow-
ups were analyzed.  
Conclusion: In terms of quality of lubrication, both groups showed similar 
results. So far there are no patients who develop cancer from the flaps in 
either group, but jejunum flap seems to be a safer consideration for 
patients with long life expectancy. 
Keywords: Xerostomia, free colon flap, free jejunum flap, lubrication, odor 
of flap, bacteria, spontaneous movement of flap 
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Introduction 
Oral cancers are often treated with surgical excision and 
reconstruction, followed by adjuvant radiation therapy 
and/or chemotherapy. Regardless of these treatments, 
the patients may still have multiple recurrences. After 
radiation or multiple surgeries the patients may develop 
various degree of xerostomia. They may have difficulty 
in swallowing and speech. A common complaint is that 
they could not speak continuously for few minutes, and 
difficulty to eat dry food. They may also tend to develop 
inflammation of mucosa, caries and even trismus. When 
the xerostomia is mild, it can be treated with medication 
or just by frequent hydration with water. Medical 
treatments include lozenges and saliva production 
stimulators which only have temporary effect. When the 
xerostomia is more severe which seriously affect quality 
of life or jobs (such as working as a teacher or tour guide), 
surgical reconstruction can be considered, namely using 
free jejunum or colon flap to provide lubrication of the 
oral cavity1,2,3, 4. Free colon flap transfer had been 
reported for the reconstruction of circumferential defect 
of hypopharynx and esophagus, also used for intraoral 
reconstruction. It is split longitudinally along its anti-
mesenteric border. Free jejunum flap has been used more 
widely and also can restore lubrication. However, in the 
literature there was no comparison between free colon 
and free jejunum flap for treatment of xerostomia. 
 

Patients and Methods: 
Our hospital receives a large number of oral cancers due 
to special culture of chewing betel nut which causes 3000 
new cases in our country, an incidence much higher than 
other countries5,6. Among our patients 34 had xerostomia 
treated with surgery. For patients having no family 
history of colon cancer and colonoscopy showed no 
abnormal findings, a free colon flap was selected for 
reconstruction of xerostomia. When the family history was 
not clear and the patients were old with past history of 
polyps found during colonoscopy, a free jejunum flap 
was used. Twelve patients received free colon transfer 
for the reconstruction of their oral mucosal defect 
following release of trismus, and 22 patients underwent 
free jejunum flap transfer.  
 

Regarding surgical methods, 12 patients received free 
colon flap transfer after the release of trismus. The 
transferred colon flap, harvested via laparotomy 
approach, consisted of a segment of the ascending colon 
based on the right colic artery (Figure 1). Free jejunum 
flap was harvested from the second portion of jejunum 
with second jejunal artery as its vascular pedicle (Fig. 2). 
The harvested jejunum or colon segment was split along 
its anti-mesenteric border for reconstruction of the oral 
mucosal defect. It was best indicated when there was no 
tooth at one side of the mouth so that the flap would not 
be chewed between the teeth after reconstruction. 
 

 
Figure 1a. A segment of ascending colon flap based on the right colic artery. 
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Figure 1b. Transferred colon tissue in the right buccal area  
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Fig. 2a. A segment of jejunum prepared for transfer to oral mucosa 
 

 
Fig. 2b. A patch of jejunum was transferred to the oral mucosa to provide lubrication of the oral cavity. 
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In terms of the perioperative evaluation of xerostomia, 
we followed the “Symptom Management Guidelines: 
XEROSTOMIA NCI GRADE AND MANAGEMENT”7, which 
graded patients’ severity of xerostomia on a scale of 0 
to 4, with grade 0 being normal, and grade 4 being life-
threatening.  
 

The postoperative results were compared in 2 aspects:  
1. objective data: hours of surgery, bacteria count of 

the flap cultured during surgery, requirement of 
secondary debulking procedures, complications of 
surgery, infection of lung during follow-up, etc. These  

data were analyzed. 
2. Subjective data: including whether there was 

spontaneous movement of flap inside the mouth, the 
quality of lubrication, comfort of the mouth (including 
flavor of secretion) and the time for disappearance 
of uncomfortable smell of the flap. The results 
regarding subjective issue were obtained in the 
outpatient clinic with questionnaire using 5-point 
Likert scale.  

 

Results  

 
Table 1: Comparison between free colon flap and free jejunum flap in the reconstruction of xerostomia 

 Free colon flap Free jejunum flap 

Quality of secretion  More watery 
(more comfortable to the tongue) 

More tenacious  
(slightly less comfortable to the 
tongue) 

Easiness in technique Tolerates longer ischemia time due to 
less oxygen demand 

Tolerates short ischemia time due to 
high oxygen demand 

Intestinal segment harvested Right colon  Second portion of jejunum 

Bacterial count during transfer G-negative and anaerobic bacteria, 
fungus  

G-positive and G-negative bacilli 

Preoperative bowel preparation  Colon preparation Not needed 

Postoperative use of antibiotics Covering G-negative and anaerobic 
bacteria,  
antifungal agents 

Covering G-positive and G-negative 
bacteria 

Operation time  6-9 hours (average 7.3 hous) 6-8 hours (average 6.8 hours) 

Bad smell Disappears within 1-3 months No bad smell 

Complications Failure (1/12) No failure 

 Re-exploration (2/12)  Re-exploration (2/22)  

 Wound infection (2/12)  
treated conservatively 

Wound infection (1/22) 

 Hematoma (1/12) Hematoma (1/22) 

 Intestinal adhesion (0/12) Intestinal adhesion (0/22) 

 Pneumonia (0/12)  Pneumonia (0/22) 

 Minimal spontaneous movement in 
the mouth 

Spontaneous movement in the mouth, 
should not be used to reconstruct 
part of the lip 

Requiring revision  0/12 3/22 revised due to redundancy of 
flap 

Development of cancer in the flap 
after transfer 

Possible, but not seen in our series None  

 
Table 2: Evaluation of subjective feeling for colon/jejunum flap using 5-point Likert scale 

 1 2 3 4 5 

Comfort with the 
tenacity of 
intestinal secretion  

     

Improvement of 
speech 

     

Improvement in 
swllowing dry food 

     

 
Technically the free jejunum flap was harvested from the 
second portion of jejunum. For colon flap a segment was 
harvested from the ascending colon. The postoperative 
results were compared regarding easiness of surgery, 
bacteria count of the flap, quality of lubrication, comfort 
of the mouth (including flavor of secretion), requirement 
of secondary debulking procedure, complications of 
surgery, infection of the lung during follow-ups, etc.  
1. Free colon flap transfer for xerostomia: The average 

time required for surgery was 7.3 hours. All except 
one transferred colon flap survived. Colon secretion 

was suitable for oral lubrication. The time for 
disappearance of the initial unpleasant smell was 1-
3 months after surgery. The secretion of colon flap 
was watery instead of being tenacious. The average 
length of the harvested colon segment was 6 cm. The 
ischemia time was always controlled within 90 
minutes. Two cases underwent re-exploration due to 
vascular compromise, and one of them failed. No 
complication of the abdominal donor site was noted. 
Regarding recipient site complications, one case had 
wound dehiscence and was treated with skin graft. 
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One case had a hematoma at the neck which was 
evacuated and insertion of a drain tube. Two cases 
had a wound infection and were treated with 
irrigation and wet dressing. The follow-up period 
was from 1 year to 14 years (average 63 months). 
Eleven out of the 12 patients had improvement of 
daily life and job, and the grades of xerostomia 
improved from grade 2-3 to normal or grade 1.  

2. Free jejunum flap transfer: The average time 
required for surgery was 6.8 hours. All flaps 
survived. Two cases underwent re-exploration and 
were salvaged. The transferred jejunum flap 
provided profuse amount of secretion. There was one 
case of hematoma and one case of wound infection, 
both were treated conservatively. One of our 
patients had jejunum flap transfer to the lower bucco-
gingival sulcus as well as part of the lower lip which 
was visible from outside. He complained of 
spontaneous movement of the exposed jejunum flap 
even when he was not speaking. This made him feel 
awkward when his friends looked at his face. Finally 
he asked for removal of the exposed part of the free 
jejunum flap and we used a palate mucosa graft to 
replace that part.  

 
The ischemia time of free jejunum flap was controlled 
within 60 minutes, because it had high oxygen 
demand and should be re-vascularized as soon as 
possible after being harvested. On the recipient site 
the recipient artery and vein should be checked 
carefully and confirmed before division of its 
vascular pedicle from the donor site. The secretion of 
jejunum flap is thicker than colon secretion, but our 
patients did not feel uncomfortable. The secretion of 
jejunum did not cause bad smell. They reported good 
improvement in conversation and could talk 
continuously without the need to drink water 
frequently. After surgery they liked to eat meat and 
dry food, which they tended to avoid before surgery.  

 
The data were analyzed with Mann-Whitney U test. 
In analysis of either subjective or objective issues, 
there was no significant difference between colon 
and jejunum flap.  

 
In our clinical case series, the bacteria spectrum either 
in the colon flap or jejunum flap remained the same 
but the bacterial count decreased after surgery and 
did not cause infection of the oral cavity, esophagus, 
or the lung. 

 

Discussion: 
Saliva plays an important role for the health of the oral 
cavity. The functions of saliva provide antimicrobial 
proteins, enzyme for initial digestion of the food, and 
lubrication of oral mucosa. The loss of saliva would cause 
inflammation of oral cavity, dental caries, as well as 
difficulty in swallowing and speech. Oral cancer patients 
are often treated with surgery and radiation 
therapy/chemotherapy. They may develop a moderate 
to severe xerostomia. Conventional treatment of 
xerostomia is using saliva stimulant to increase secretion 
by the remaining salivary glands, which usually has 
minimal and transient effect after radiation therapy. 
Other methods include proper hydration and avoidance 

of hard foods. Surgical reconstruction with intestinal tissue 
to restore oral lubrication is an option. 
 
In the oral cavity the normal pH is maintained at 6.7-7.3 
(near neutrality) by saliva. Tooth decay will develop 
when pH falls below 5.5. In this situation the patients start 
to suffer from gingivitis and periodontitis, dental caries, 
and fungus infection especially candidiasis8. After we 
transfer free jejunum flap, the pH of mouth was slightly 
alkaline (7-7.5), and nearly neutral (6.5-7.3) after 
transfer of colon flap. The pH of oral cavity also depends 
on the function of the residual salivary glands and the 
size of the transferred jejunum or colon flap.  
 
The microbial composition of the human gut microbiota 
varies with the gastrointestinal tract: 
1. In the stomach and small intestine, relatively few 

species of bacteria are present. However, colon 
contains the highest microbial density. From proximal 
to distal gastrointestinal tract, the microbiota have 
increased in number and diversity. Like in duodenum 
and jejunum, the composition of microorganisms are 
Bacilli, Streptococcaceae, Actinobacteria, 
Actinomycinaeae, Corynebacteriaceae. The small 
intestine contains small amount of microorganisms due 
to the proximity to the stomach. Gram-positive cocci 
and rod-shaped bacteria are the predominant 
microorganisms found in the jejunum. The bacterial 
flora of the small intestine aid in a wide range of 
intestinal functions. After transfer of jejunum we do 
not need to use antibiotics to cover anaerobic 
bacteria. 

2. In the colon, most bacteria are Lachnospiraceae and 
Bacteroidetes. However, the colon contains a 
densely-populated microbial ecosystem. The 
modification in the composition and function of the gut 
microbiota can change intestinal permeability, 
digestion and metabolism as well as immune 
responses. The colon contains the largest bacterial 
ecosystem in the human body. About 99% of the 
colon and feces flora are made up of obligate 
anaerobes such as Bacteroides and Bifidobacterium. 
Factors that disrupt the microorganism population of 
the large intestine include antibiotics, stress, and 
parasites. After transfer of colon flap we need 
antibiotics to cover anaerobic bacteria.  

 
The lifetime risk of developing colorectal cancer is about 
1 in 25. However, a person's risk might also depend on 
other risk factors for colorectal cancer, such as diet, 
obesity, lack of exercise, tobacco and alcohol use as well 
as environmental impacts such as exposure to chemicals. 
Family history may also play a role. In our series none of 
the patients were found to develop colon cancers in the 
flap with the longest follow-up of 29 years. The incidence 
of jejunum cancer is much less in general population. 
 

Skin flap (radial forearm flap or anterolateral thigh flap) 
is often used for reconstruction of oral mucosa defect 
after excision of oral cancer9,10, which cannot provide 
lubrication. Free jejunum flap was first done in 1959. 
Since then, other enteric flaps had been used in the 
reconstruction of the aero-digestive tract due to good 
tissue pliability and natural mucus production. Gastro-
omental flap is also able to secrete mucus. However, it 
may develop ulceration due to high acidity of its 
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secretion. In our opinion the gastro-omental flap is not 
suitable to provide lubrication of oral cavity because it 
may create an acidic condition with a pH lower than 5.5 
which would cause inflammation of oral cavity as well as 
dental caries11-25. 
 

Regarding to colon flap, in addition to having a better 
tolerance to ischemia time than jejunum flap, the secretion 
of colon flap is more watery similar to saliva. In our 
experience, the bad smell of colon flap usually faded 
away in 1-3 months postoperatively. In a previous study, 
Escherichia Coli is the organism cultured most frequently. 
In this study, the disappearance of originally bad smell 
was noted because there was no food residue to be 
metabolized by E. Coli to produce hydrogen sulphide 
and methanethiol. In our clinical case series, it did not 
cause infection of the oral cavity, esophagus, or the lung. 
The intestinal bacteria are not extinguished even after a 
long period of time, and intestinal flap transfer to the 
oral cavity or pharynx is safe for the patients. 
 

In the previous studies the transverse colon segment 
based on the middle colic artery was the donor site. 
However, the middle colic artery is usually more dominant 
in blood supply for the colon system. Therefore, we 
preferred to harvest the ascending colon flap based on 
the right colic artery to preserve the major blood supply 
of the colon system. 
 

To prevent future trismus and to maximize the capability 
of secretion, the ischemia time during flap transfer should 
be minimized. Several methods have been proposed, 
such as preparation of recipient vessels before ligation 
of the vascular pedicle, vessel anastomosis before 
definitive flap inset, or mastering the “airborne” suture 
tying technique to shorten vascular anastomosis time26-29. 
In earlier animal studies, the tolerance of ischemic time 
was shorter for the ileum than for the jejunum, and 
ischemic time of less than 1 hour was suggested for 
microvascular transfer of the ileum. It was believed that 

there are more bacteria in the ileum than in the jejunum, 
and therefore autolysis will be triggered sooner after the 
initiation of ischemia. However, some animal experiments 
conducted by Nakao l showed that ischemic time of 
jejunum and ileum had no significant differences. The 
study by Chen et al29 in 2013 was to identify the ischemic 
tolerance of the ileum, and the study showed ischemic 
time of more than 1 hour is compatible with good survival 
of ileum and colon. Therefore, in the future, ileum transfer 
can be another option for treatment of xerostomia.  
 
Some might concern about the risk of colon flap harvest 
by laparotomy, which might outweigh the benefit of 
treating trismus and xerostomia with colon or jejunum 
flap. However, in the study addressing the donor-site 
morbidity after free ileocolon flap transfer, the most 
frequent complication is only transient diarrhea. 
Therefore, the donor-site morbidity would be reasonably 
less. 
 
There are other salivary gland disorders leading to 
xerostomia, such as salivary gland tumors, Sjogren’s 
syndrome and infections. Some promising new methods 
are being developed to treat the xerostomia with the 
regeneration of the salivary gland, such as stem cell 
therapy and bioengineered artificial salivary gland 
organ30, 31.  
 

Conclusion: 
In terms of quality of lubrication, both groups showed 
similar results. Regardless of the high incidence of colon 
cancer, so far in our series there were no patients who 
develop cancer in either group, but jejunum seems to be 
a safer consideration for patients with long life 
expectancy. Free colon or jejunum flap transfer could 
safely provide lubrication in patients with severe 
xerostomia. After release of trismus, either free colon or 
jejunum flap could repair oral mucosa defect with 
simultaneous relief of xerostomia.  
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