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INTRODUCTION
Displaced mid-face fracture could cause a number of symp-
toms such swelling, loss of projection and diplopia. Further-
more, mid-face fractures often cause sensory damage to the in-
fraorbital nerve (ION) as a result of infraorbital fissure, canal, 
or foramen involvement [1,2]. This symptom of ION damage 
could last for several weeks and could result in complete im-

pairment of the senses [3]. Hypoesthesia is most frequently fol-
lowed by paresthesia and hyperesthesia. Neurosensory mea-
surements such as the pin prick test or 2-point discrimination 
test are used to identify ION damage. However, these are sub-
jective tests and the outcomes depend heavily on patient coop-
eration and the examiners’ interpretation. In addition, it is diffi-
cult to estimate how long the patient’s symptom would last. Tri-
geminal somatosensory evoked potential (TSEP) is a nerve 
conduction test used for lesions of the trigeminal nerve. When 
the peripheral nerve is stimulated in an area covered by the tri-
geminal nerve, the evoked potential travels to the trigeminal 
nuclei in the brain stem through the trigeminal ganglion. Sub-
sequently, this information is sent to ventral posteromedial tha-
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lamic nucleus and finally stimulates the post central gyrus of 
the parietal lobe [4]. In the tests, 64 to 1,024 times the bipolar 
transcutaneous electrical stimulations are applied on the skin 
over the trajectory of somatosensory nerves. An averaging 
technique is used to eliminate noise from the brain and the sur-
rounding muscle waves to develop a wave form (Fig. 1) [5,6]. 
Moderate intensity stimulation is also important to avoid mus-
cle response. 

For TSEP, three times the sensory threshold is recommended. 
The basic wave form of TSEP contains three phases (tri-phase), 
starting from negative deflection (N1), moving to positive de-
flection (P1), and finally ends in a negative deflection (N2). N1 
represents the start of an evoked potential (check point of laten-
cy) and indicates axonal conduction. P1 represents the check 
point of amplitude at post central gyrus of parietal lobe and is 
the most reproducible measurement in this test [7,8]. N2 is the 
end point of an evoked potential. With this method, we can cal-
culate a patient’s latency difference of evoked potential between 
the affected and the unaffected sides. 

In this study, we hypothesized the longer the difference of la-
tency, the longer it will take for patients to recover. In addition, 
we investigated if the TSEP test could be used as a prognostic 
test for ION damage. 

METHODS
Patients 
Forty-eight patients (40 male and 8 female), aged between 15 
and 79 years (mean age, 55.5 years) presented with ION dam-
age as a result of unilateral mid-face fracture between January 
2014 and December 2017 were included in this study. We in-
cluded unilateral blow out fracture and unilateral zygomatico-
maxillary fracture patients only. The average follow-up period 
for symptoms was 6.5 month (range, 1–21 months). Three pa-
tients were lost to follow-up during that period and these re-

sults were excluded. Written informed consent was obtained 
from all patients for the publication of results. 

Trigeminal somatosensory evoked potential 
The patients were examined with TSEP on both sides of the 
face, using the non-traumatized side as control. TSEP was mea-
sured with Key Point (Medtronic Inc., Minneapolis, MN, USA) 
while the patients were comfortable and relaxed (Fig. 2). Sur-
face electrode used for stimulation was positioned at the affect-
ed area of ION damage. A 12-mm needle electrode was placed 
at the forehead and used for recording (Fig. 3). In this test, 200 
times of 3.1 Hz bipolar transcutaneous electrical stimulations 
were applied to develop an average wave form. Three times the 
sensory threshold was chosen in order to eliminate background 
brain and muscle noises. The standard tri-phase wave form was 
observed in all tests. N1 represented well as the start point of 
the evoked potential and P1 also did its role quite well by indi-

Fig. 1. Typical wave form of trigeminal somatosensory evoked po-
tential. N1, starting point of the evoked potential (check point of la-
tency), which indicate axonal conduction; P1, check point of ampli-
tude at the post central gyrus of the parietal lobe; N2, end point of 
the evoked potential.

Fig. 2. Trigeminal somatosensory evoked potential measuring ma-
chine (Medtronic Inc., Minneapolis, MN, USA).

Fig. 3. Patient under trigeminal somatosensory evoked potential 
test. Electrodes connected to red and blue wires were surface nodes 
for stimulation. A needle electrode 12 mm in length was positioned 
on the forehead and used for recording. 
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cating the point of amplitude at post central gyrus of parietal 
lobe. Finally, the relationship between the latency difference 
and recovery time was tested using the Mann-Whitney test. 

RESULTS
The average latency of the affected side and the unaffected side 
was 17.1 ms (range, 10.2–29.0 ms) and 14.9 ms (range, 11.6–
27.6 ms), respectively (Table 1). The average difference between 
the latencies was 2.42 ms (range, 0–7.8 ms). The average recov-
ery time was 3.2 months. Twenty-four patients recovered from 
ION damages within 3 months and 21 cases took longer to re-
cover. The average difference between latencies was 1.4 in the 
group that recovered within 3 months, and 4.1 in the group that 
took longer than 3 months to recover (Table 2). The difference 
in latencies between the two groups was statistically significant 
using the multivariate logistic regression model (p< 0.05). All 
patients with abnormal TSEP testing result exhibited symptoms 
of hypoesthesia. 

DISCUSSION
Peripheral nerves supply information on the surrounding envi-
ronment and physiological conditions of the body to the central 
nervous system. Factors such as viral infection, systemic im-
mune disease, nutritional deficiency, medication, radiation 
therapy and traumatic injury are well known causes of neuro-
sensory change. In this study, we focused on neurosensory 
changes that originated from the mid-face fracture, which 
could cause ION damages. 

Mid-face fracture, such as blow out fracture or zygomatico-
maxillary fracture, frequently involve the infraorbital fissure, 
canal, or foramen. ION which stem from the trigeminal nerve 
(CN V) and maxillary nerve (CN V2) run through these ana-

Table 1. Results of trigeminal somatosensory evoked potential and 
recovery time of each patients

Patient no. Age (yr)
Latency (ms) Differnce 

value
Recovery 
time (mo)Normal side Affected side

  1 51 15.6 15.9 0.3 1

  2 18 22.3 21.5 0.8 1

  3 77 17.0 15.8 1.2 3

  4 22 15.5 17.3 1.8 3

  5 46 21.2 19.3 1.9 1

  6 20 17.9 20.1 2.2 1

  7 17 16.6 17.4 0.8 2

  8 22 16.5 17.5 1.0 2

  9 39 19.7 21.6 1.9 2

10 15 17.9 14.9 3.0 2

11 18 21.1 29.9 8.8 2

12 47 13.9 14.2 0.3 3

13 18 17.2 18.2 1.0 3

14 50 15.5 14.3 1.2 3

15 36 20.0 17.8 2.2 3

16 17 17.9 24.0 6.1 3

17 24 18.6 25.7 7.1 4

18 29 19.8 18.9 0.9 5

19 51 16.8 22.6 5.8 12

20 55 14.4 29.3 14.9 12

21 29 12.7 18.1 5.4 6

22 59 20.8 19.9 0.9 NI

23 76 18.5 19.9 1.4 NI

24 27 18.9 20.4 1.5 NI

25 27 12.3 11.1 1.2 1

26 47 13.9 14.2 0.3 1

27 47 13.9 10.2 3.7 5

28 73 11.9 13.9 2.0 3

29 17 14.7 23.0 8.3 12

30 15 14.6 13.1 1.5 1

31 15 11.1 12.5 1.4 1

32 24 12.8 21.9 9.1 12

33 50 12.8 13.7 0.9 1

34 20 13.9 11.5 2.4 3

35 20 13.9 14.1 0.2 1

36 47 14.2 11.4 2.8 3

37 39 13.4 12.7 0.7 1

38 18 12.4 13.2 0.8 1

39 17 13.8 18.9 5.1 6

40 27 15.3 18.1 2.8 3

41 68 15.9 16.4 0.5 1

42 77 13.0 14.3 1.3 1

43 60 13.8 14.5 0.7 1

44 25 8.9 10.5 1.6 2

45 68 12.9 13.0 0.1 2

46 50 11.0 9.8 1.2 2

47 59 14.7 12.9 1.8 1

48 22 13.1 16.2 3.1 3

NI, not identified. 

Table 2. Difference value and recovery time of 2 groups divided by 
3 months

Recovery time No. of 
patients

Average latency (ms)
Difference 

valuea)

Average 
recovery 

time (mo)a)
Normal 

side
Affected 

side

Recovery time <3 mo 24 14.2 15.6 1.4 1.3

Recovery time >3 mo 21 14.1 18.2 4.1 5.2

Not identified 3 18.8 20.0 1.2 -

Total 48 14.9 17.1 2.2 3.2

Latency of first positive deflexion, difference value and recovery time indicate mean 
value of each group of patients. The average difference between latencies was 1.4 
in the group that recovered within 3 months, and 4.1 in the group that recovered af-
ter 3 months. Difference value and recovery time were statistically relative on multi-
variate logistic regression model (p<0.05). 
a)Mann-Whitney test. 
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tomical locations and it is very common for patients who have 
mid-face fractures to present symptoms associated with sensory 
alterations of ION. It was reported that 24% to 94% of orbito-
zygomatic complex fracture cases are associated with ION 
damage [9-11]. ION span over a large area that covers the lower 
eyelids, cheeks, lateral sides of the nose, upper lip and nearby 
mucosa, gingiva and the teeth. Therefore, traumatic paresthesia 
over these areas has been considered indicative of mid-face 
fracture. Despite the relatively high incidence of ION damage 
following mid-face fracture, there are no standardized and ob-
jective methods to evaluate such damage [12]. 

Pin prick test or 2-point discrimination test are the current 
measurements. However, these tests are subjective tests and the 
outcomes depend on the cooperation of the patient and the ex-
aminer’s interpretation. Moreover, measuring the severity of a 
nerve injury and predicting its progression are almost impossi-
ble using these tests. Therefore, many surgeons felt the necessity 
for a more effective diagnostic method that could be used for 
the diagnosis of ION damage, assessment of its progression and 
prediction of recovery [9,13]. In this study, we used the TSEP 
test to evaluate patients with mid-face fractures. 

TSEP test is a type of nerve conduction study which can be 
used for lesions of the trigeminal nerve. When peripheral nerve 
is stimulated, the evoked potential is delivered to the trigeminal 
nuclei in the brain stem through the trigeminal ganglion. After 
that, the information is sent to ventral posteromedial thalamic 
nucleus to stimulate the post central gyrus of parietal lobe [5]. 
In our results, the first negative peak (N1) is inconsistent, po-
tentially due to its relatively small amplitude. The first positive 
peak (P1) is more distinct and reliable. Therefore, P1 would ap-
pear to be the most appropriate latency check point [14]. Im-
mediately after injury, axonal loss could show no latency shifts 
as the remaining axons conduct signal at the normal velocities 
[15]. It has been observed in other peripheral nerves that when 
there is damage, the impulses are amplified by the brain so that 
the final trace mimics to normal [16]. As described above, we 
compared the difference of the latency of evoked potential be-
tween the affected and unaffected side. As the difference gap 
becomes larger, the recovery time for ION damage also be-
comes longer. 

In conclusion, after mid-face fracture, patients with ION 
damage showed prolonged latency when examined using the 
TSEP test. We provide evidence to show that the greater the la-
tency, the slower the recovery. The TSEP test is an objective 
method to evaluate nerve injury and could be used to predict 
recovery rate of patients with ION damage. This test could be 
helpful for the explanation of a variety of clinical symptoms as-
sociated with infraorbital nerve damage. 
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