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Abstract
Aim  To evaluate the effect of inferior turbinate outfracture on nasolacrimal transit time by saccharin test.
Materials and methods  Twenty patients who underwent septoplasty + unilateral radiofrequency ablation and outfracture of 
inferior turbinate were enrolled into study. They had no complaints about their eyes and denied previous ocular surgery. Their 
nasolacrimal saccharin transit times (NSTTs) were estimated preoperatively and postoperatively in the 1st and 2nd months. 
The non-fractured side eye was measured only once preoperatively. The fractured-side eye was measured three times. These 
times were compared statistically.
Results  There were 8 men and 12 women. Mean age was 29.04. Killian incision was used in 14 and hemitransfixion incision 
was used in 6 patients. Median NSTT was 484, 461, 490 and 446 s for the non-fracture side, preoperatively and postopera-
tively in the 1st and 2nd months, respectively. There was no statistically significant difference between the two eyes preop-
eratively, and in the fractured side preoperatively and postoperatively in the 2nd month. There were significant differences 
between median NSTT in postoperative 1st month and median NSTT in the preoperative measure, and between postoperative 
1st and 2nd months (p < 0.05). Median NSST in the 1st month was longer than the others.
Conclusion  Outfracture of inferior turbinate had no permanent effect on NSTT 2 months after surgery in patients that had 
a healthy nasolacrimal system.
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Introduction

There are three turbinates which divide the nasal passage 
into meati, superior, middle and inferior, on the lateral 
nasal wall [1]. The inferior meatus is between the inferior 
turbinate, the floor of the nose, and the lateral nasal wall. 
The lacrimal excretory pathway begins with superior and 
inferior punctums, and continues through the superior and 
inferior canaliculi, common canaliculus, nasolacrimal sac 
and nasolacrimal duct. The lacrimal sac is related to lacri-
mal bone, frontal process of the maxilla. The nasolacrimal 
duct runs 4–9 mm to the maxillary bone. The inferior ori-
fice of the nasolacrimal canal is located at the roof of the 

inferior nasal meatus. It can be located approximately 1.5 cm 
superior to the nasal floor, 1.5 cm posterior to the anterior 
attachment of the inferior nasal turbinate to the lateral nasal 
wall, and 2.4 cm from the anterior nasal spine. This open-
ing is covered by a mucosal valve, known as the Hasner’s 
valve [2, 3].

Nasal obstruction is one of the most common complaints 
in otolaryngology clinics and two major reasons are septal 
deviation and enlarged inferior turbinate. Various procedures 
are defined to reduce inferior turbinate size in the literature. 
Turbinate outfracture or lateral infracture is a common one 
among these choices [4, 5]. The nasolacrimal system has 
an anatomical neighborhood with the inferior turbinate and 
the upper part of the medial wall of the maxillary sinus [6]. 
Surgeries at this area can affect the nasolacrimal system. 
In a study, the angle between inferior turbinate and medial 
wall of maxillary sinus has been found to be significantly 
less in epiphora patients than control group [7]. In addition, 
case reports that have been published mentioned that epi-
phora is due to inferior turbinate cysts [8].When an inferior 
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turbinate outfracture is performed, the size of inferior mea-
tus decreases. For this reason, exploring the effect of inferior 
turbinate outfracture which can shrink the size of inferior 
meatus on nasolacrimal drainage was aimed in this study.

Materials and methods

The study was planned as a prospective study. After ethi-
cal committee approval (Decision Number: 2018/261), 
20 patients whose informed consent was obtained were 
enrolled in the study. The study was performed in Develi 
State Hospital, Kayseri, Turkey. All patients were picked 
from a population of nasal surgery candidates. They were 
diagnosed with nasal septal deviation and contralateral infe-
rior turbinate hypertrophy. Patients who were smokers and 
had nasal polyposis, allergic rhinitis, antrochoanal polyp, 
adenoid hypertrophia, revision surgery, eye operation in the 
past and epiphora in their history and physical examination 
were excluded. Their age and gender were recorded.

Surgery and postoperative care

All septoplasty and turbinate surgeries were performed by 
direct vision with a headlight and speculum by the same sur-
geon. Operations were performed with a closed technique. 
Hemitransfixion incisions were performed in patients with 
caudal septal deviation and Killian incision in the others. 
The active tip of the radiofrequency probe (10 mm) (Celon 
AG Medical Instruments, CelonLAB ENT, Hyderabad, 
India) was submucously introduced into the compensatory 
hypertrophic inferior turbinates unilaterally and they were 
broken outwardly by a blunt instrument. Inferior turbinates 
on the same side of septal deviation were protected. The set-
ting was kept at 9W and energy was delivered for 50–60 s; 
care was taken not to injure the mucosa. A total of three 
applications, one each at the anterior, middle and posterior 
end of turbinate was applied, the duration of each appli-
cation being the same. 4.0 vicryl was used for transfixion 
suture. Nasal splints were placed in all patients and fixed. 
All patients were discharged 24 h postoperatively after the 
surgery with dexketoprofen, nasal lavage and restriction of 
heavy activity recommendations. Internal nasal splints were 
removed 2–3 days after the surgery. Patients were examined 
in the 1st and 2nd months after the operation. None of them 
were prescribed intranasal steroid postoperatively.

Measuring of transit time

In a calm environment and erect sitting position, 4 ml of a 1% 
saccharin solution was instilled in the conjunctival cul-de-sac 
of one eye. The patient was asked to report when a bittersweet 
taste was sensed in the mouth. Transit time was recorded for 

both eyes preoperatively and one eye on the operated side post-
operatively in the 1st and 2nd months by the same chronometer 
application. All estimations were performed on different days. 
First, an examination of the eye on the non-fractured side was 
done once preoperatively to all patients. Eye on the fractured 
side was tested three times, preoperatively and postoperatively 
in the 1st and 2nd months. Nasolacrimal saccharin transit 
times (NSTTs) were measured. Data were compared in terms 
of significant differences between preoperative and postopera-
tive values and preoperative values of two sides (fractured and 
non-fractured).

Statistical analysis

Data were evaluated by IBM SPSS 23.0 programme. 
Descriptive statistics were given as mean and median. Nor-
mality of distributions was evaluated by the one-sample Kol-
mogorov–Smirnov test. Because of the anormal distribution, 
median NSTTs were compared by Wilcoxon signed-rank 
test. P < 0.05 was accepted as significant statistically.

Results

Twenty patients were enrolled in the study. There were 8 
men and 12 women. The minimum and maximum ages were 
18 and 45, respectively, mean age was 29.4 ± 8.03. There 
were 13 patients with a right-sided nasal septal deviation and 
7 with left. Killian incision was used in 14 and hemitrans-
fixion incision was used in 6 patients. No patient had septal 
perforation after the operation.

Median NSTT was 484, 461, 490 and 446 s for the non-
fracture side, preoperatively and postoperatively in the 
1st and 2nd months, respectively (Table 1). Although the 
median preoperative NSST on the fractured side was shorter, 
there was no significant differences between median NSST 
of non-fractured side and median NSTT of preoperative frac-
tured side (P > 0.05) (Table 1). There was also no significant 
difference between preoperative median NSTT and postop-
erative 2nd month of the fractured side (P > 0.05) (Table 1). 
However, there were significant differences between median 
NSTT in preoperative and postoperative 1st month;, and 
median NSTT in postoperative 1st and 2nd months in binary 
comparisons (P < 0.05) (Table 1). Median NSST in the 1st 
month was longer than the others.

No patient reported epiphora 2 months after the surgery.

Discussion

The nasolacrimal system can be evaluated by various meth-
ods [3]. Schirmer’s Test, primary and secondary Jones dye 
tests, and probing are the commonly used clinical tests. In 
primary Jones dye test, 2% of fluorescein is instilled into the 
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conjunctival sac and cotton is placed under inferior turbinate 
at the 2nd and 5th min. If dye is recovered, the test is posi-
tive and indicates patent anatomy and normal physilology. 
If the primary Jones Test is negative, secondary Jones test 
is performed to distinguish partial obstruction and insuffi-
ciency of pump mechanism. Residual fluorescein is cleaned 
and then the nasolacrimal system is irrigated by salin. If 
cotton is dyed by flourescein, it indicates partial obstruction 
[9]. Hornblass described a modified form of primary Jones 
test. In this test, 1% of saccharin solution is instilled into the 
conjunctival sac and the patient is asked to report when he 
feels the bittersweet taste. Hornblass found the mean NSTT 
to be 3.5 min. Sixty-five percent of people reported the taste 
in 6 min and 90% reported positive results in 15 min [10].

Nasolacrimal duct opens underneath the inferior turbinate 
and the nasolacrimal system is clearly related to lateral nasal 
wall. Therefore, nasal surgeries can effect the nasolacrimal 
system. Osguthorpe [11] reported common transient epi-
phora after maxillary sinus and rhinoplasty surgeries. Mey-
ers and Hawes [12] reported four permanent nasolacrimal 
duct obstructions, three of which were subjected to dacryo-
cystorhinostomy, after inferior meatus nasal antrostomy. 
Serdahl [13], Bolger [14], Unlu [15] and Ali [16], reported 
lacrimal system injury during functional endoscopic sinus 
surgery (FESS) in different studies. Serdahl et  al. [13] 
reported eight patients who had epiphora after FESS and 
underwent dacryocystorhinostomy (DCR) in 1990. Bolger 
et al. [14] reported 24 patients who underwent FESC and had 
an injury in their nasolacrimal system. Fortunately, they did 
not have epiphora. Unlu et al. [15] evaluated patients who 
underwent FESS by dacryocystography. They concluded 
that nasolacrimal injury was more common on the left side 
although not causing epiphora. Ali et al. [16] reported very 
few nasolacrimal injuries during FESS in 2015. It may be 
related to increased experience in this surgery. They did not 
use the saccharin test to evaluate the system. Nasolacrimal 
ductus had been injured during endoscopic medial maxil-
lectomy. Nakayama et al. [17] defined a new procedure to 
preserve nasolacrimal ductus and inferior turbinate.

Inferior turbinate surgery has a possible effect on nasol-
acrimal drainage theoretically. Martinez et al. [18] reported 
an epiphora case after inferior turbinectomy. Passali et al. 
[19] did not report epiphora in a 382-patient series, 94 of 
whom had underwent submucosal resection and outfracture 
of inferior turbinate.

Besides surgical interventions, postoperative care after 
nasal surgery can also affect the nasolacrimal system. Awan 
and Iqbal [20] reported that patients in whom septoplasty 
and nasal packing were performed experienced epiphora 
more than patients without nasal packing. Habesoglu et al. 
[21] found more intranasal pathologies such as concha bul-
losa, maxillary sinusitis and inferior turbinate hypertrophy 
in patients with primary nasolacrimal duct obstruction. For 
these reasons, it is not possible to separate nasal surgeries 
from nasolacrimal duct function.

Inferior turbinate hypertrophy is one of the most com-
mon causes of nasal obtruction. Surgery is recommended 
for refractory cases to medical treatment. Total or partial 
turbinectomy, submucosal resection, laser, electrocautery, 
cryosurgery and RFA have been described as surgical tech-
niques used for reduction of inferior turbinate size [22].Out-
fracture is one of the most common combined procedures 
for resolving nasal obtruction. Inferior turbinate is broken 
by an Boise elevator from medial side outwardly [23]. It can 
be performed alone or combined with other procedures [24]. 
In this technique, the angle between inferior turbinate and 
lateral nasal wall decreases. Lee et al. [24] reported that the 
angle between lateral nasal wall and inferior turbinate was 
still significantly less than the preoperative values 6 months 
after the surgery. As a result, nasolacrimal duct opens under-
neath the inferior turbinate and inferior turbinate outfracture 
causes the narrowing of this area. It could effect the nasol-
acrimal flow. Thus, Gul et al. [7] found that patients with 
primary nasolacrimal duct obstruction had a significantly 
less degree angle between inferior turbinate and medial wall 
of the maxillary sinus in a 35-case study.

For the aforementioned reasons, the effect of the inferior 
turbinate outfracture was aimed to evaluate in the presented 

Table 1   Mean and median nasolacrimal saccharin transit times in different measures and binary comparisons of these measures

NSTT Nasolacrimal saccharin transit time, s second
Bold values are statistically significant

Mean NSTT (s) Median (25–75%) P (s) Fractured side 
eye preopera-
tive

Fractured side eye 
postoperative 1st 
month

Fractured side eye 
postoperative 2nd 
month

Non-fractured side eye 515.24 ± 137.4 484 (386–619) P = 0.056
Fractured side eye preoperative 483.25 ± 119.1 461 (393–582) P = 0.005 0 = 0.403
Fractured side eye postoperative 1st 

month
519.75 ± 116.3 490 (427–588) P = 0.005

Fractured side eye postoperative 2nd 
month

494.75 ± 121.4 446 (405–576)
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paper. NSTT was significantly longer in the postopera-
tive 1st month. It, however, turned to preoperative values 
in the 2nd month. According to Hornblass [10], NSTT up 
to 15 min (900 s) is accepted as normal for clinical sight. 
Median NSST was 491 s in the postoperative 1st month in 
the presented study. Although it was longer, median NSST 
was in the normal range. However, the study group was 
formed by patients who had no epiphora history and had 
no epiphora postoperatively, as well. Inferior turbinate out-
fracture can be a problem in patients who already have a 
borderline nasolacrimal system disorder. These patients can 
be warned about development of epiphora especially in the 
period of postoperative 1st month. Inferior turbinate outfrac-
ture could make a borderline pathology clear. This surgery 
has no effect in patients who have a healthy nasolacrimal 
system. Longer NSTT can be related to nasal mucociliary 
function. For positive saccharin test, saccharin is needed 
to move up to pharynx by nasal mucociliary flow. Nasal 
mucociliary flow can be affected by surgery and nasal pack-
ing [25]. Kula et al. [26] reported that nasal packing had no 
effect on nasal mucociliary clearance. They also referred 
that nasal mucociliary clearance was better after septoplasty. 
For this reason, the linking between longer NSTT in the 
1st month and mucociliary clearance does not make sense. 
Furthermore, less NSTT may be seen because of better nasal 
mucociliary clearance. Last of all, median NSTT was longer 
in the 1st month. It can be related to the decreased angle 
between inferior turbinate and lateral nasal wall rather than 
nasal mucociliary clearance.

In the presented study, NSTTs were done in the same 
order, non-fractured side eye, fractured-side eye preop-
erative, postoperative 1st and 2nd months. Patients did 
not know the taste of saccharin. As a result, patients were 
more experienced about the saccharin test after the first 
test. Even though it was not significant, preoperatively less 
median NSTT on fractured side eye could be related to this 
experience.

This is the first study which evaluated nasolacrimal transit 
after turbinate surgery by the saccharin test in the literature.

The limitation of the presented study was its relatively 
small sample size.

Conclusion

As conclusion, outfracture of inferior turbinate had no per-
manent effect on NSTT in the postoperative 2nd month. 
However, this study was performed in patients with healthy 
nasolacrimal systems. The effects of turbinate surgery in 
patients with a nasolacrimal system pathology may be fur-
ther assesed.
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