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Background Infraorbital nerve dysfunction is commonly reported after zygomaticomaxillary
complex fractures. We evaluated sensory changes in four designated areas (eyelid, nose, zy-
goma, and lip) innervated by the infraorbital nerve. This evaluation was conducted using the
static two-point discrimination test and the vibration threshold test. We assessed the diag-
nostic significance of the blink reflex in patients with infraorbital nerve dysfunction.
Methods This study included 18 patients, all of whom complained of some degree of infra-
orbital nerve dysfunction preoperatively. A visual analog scale, the infraorbital blink reflex,
static two-point discrimination, and the vibration threshold were assessed preoperatively, at 1
month postoperatively (T1), and at a final follow-up that took place at least 4 months post-
operatively (T4). The results were analyzed using a multilevel generalized linear mixed model.
Results Scores on the visual analog scale significantly improved at T1 and T4. The infraorbital
blink reflex significantly improved at T4. Visual analog scale scores improved more rapidly
than the infraorbital blink reflex. Two-point discrimination significantly improved in all areas
at T4, and the vibration perception threshold significantly improved in the eyelid at T4.
Conclusions Recovery of the infraorbital blink reflex reflected the recovery of infraorbital
nerve dysfunction. We also determined that the lip tended to recover later than the other ar-
eas innervated by the infraorbital nerve.
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INTRODUCTION

Infraorbital nerve (ION) dysfunction is commonly reported af-
ter zygomaticomaxillary complex (ZMC) fractures (in 30.4%-
80% of cases), as these fractures frequently involve the infraor-
bital fissure, canal, or foramen [ 1-5].

ION dysfunction may not recover spontaneously in some pa-

tients with severe ZMC fractures; however, spontaneous recov-
ery of the nerve does occur in most cases [6]. However, little
data are available concerning sensory change in the areas (lower
eyelid, cheek, lateral wall of nose, lip and gingiva/teeth) inner-
vated by the ION. In our experience, at 34 months following
ZMC fractures, patients often complain about impaired sensory

function in the lip despite full recovery in other areas. Therefore,
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there are differences in sensory recovery among the areas in
which the ION is distributed. Homer et al. 7] assessed sensory
changes in the areas along the ION path, but they used only a
visual analog scale (VAS) for sensory assessment. However, a
limitation of VAS assessments is that they rely on patients’ sub-
jective judgment. Therefore, we evaluated sensory changes in
four designated areas innervated by the ION using the static
two-point discrimination test (TPD) and the vibration percep-
tion threshold test.

Trigeminal sensory afferent fibers mediate the blink reflex, as
well as their central connections in the trigeminal and facial
brainstem nuclei at the level of the lower pons and medulla ob-
longata [8]. When the skin innervated by the ION is electrically
stimulated, the contraction response of the orbicularis oculi
muscle via the pontine reflex or pontine and lateral medulla
pathway is electromyographically evaluated. Therefore, changes
in the compound muscle action potential (CMAP) can be ob-
served when ION sensory afferent fibers are injured. Ohki and
Takeuchi [9] reported that the blink reflex is an objective meth-
od for evaluating ION injuries, unlike other evaluation methods
that depend on patients’ verbal responses. For this reason, the
blink reflex may be useful in evaluating ION injuries following
ZMC fractures. Therefore, our aim was to evaluate the diagnos-
tic significance of the blink reflex in patients with ION dysfunc-
tion after ZMC fractures.

METHODS

Patients

Subjects with unilateral ZMC fractures who were treated with
open reduction and internal fixation with or without orbital
floor reconstruction between December 2015 and March 2019
participated in this study. All participants complained of some
degree of ION dysfunction preoperatively. This study was ap-
proved by the Institutional Review Board of Sungkyunkwan
University (IRB No. 2020-06-004). The inclusion criteria en-
compassed patients who were at least 18 years old and had re-
ceived at least 4 months of follow-up. The exclusion criteria
were patients who had a facial skin injury or associated maxillo-
facial fractures such as nasal bone fracture, a history or presence

of facial nerve palsy, or pregnancy.

Procedure

All reduction surgery was performed under general anesthesia.
All procedures were performed using a lateral eyebrow, subcili-
ary, and intraoral approach and three-point fixation of the zygo-
maticofrontal suture, infraorbital rim, and zygomaticomaxillary

buttress. Titanium plates were used for rigid fixation. The orbital
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floor was routinely explored and, if necessary, reconstructed us-
ing a Medpor porous polyethylene implant (Porex Surgical Inc.,
Newnan, GA, USA) to restore orbital volume.

Assessment

All assessments were performed by a physiatrist (YSP) preoper-
atively (T0), 1 month postoperatively (T1), and at least 4
months postoperatively (T4). The initial assessment was per-
formed on the day before the operation to measure facial swell-
ing reduction as best as possible. The TPD and vibration test
were assessed in four designated areas along the ION tract: low-
er eyelid, cheek, lateral wall of nose, and lip. The gingiva was not
tested to prevent the need for lifting the lip, which would affect
the assessment and cause patient discomfort. The testing condi-
tions were identical for all subjects.

Patients’ subjective sensory function was assessed using a VAS
(range, 0-10). A score of 0 denoted normal intensity sensation
and 10 represented no sensation.

In the infraorbital blink reflex, the eyelid closes in response to
an exteroceptive/ nociceptive stimulus to the ION. Patients
were asked to close their eyes while in supine position. Active
electrodes were placed bilaterally over the orbicularis oculi mus-
cle at the lower eyelids, and a reference electrode was placed on
the bilateral temples, lateral to the eye. Stimulating electrodes
were pasted on the skin just above the infraorbital foramen. A
ground electrode was placed on either the chin or forehead. The
stimulation intensity was 20-25 mA with a duration of 0.1 ms at
a frequency of 0.5 Hz. Nicolet Viking Select (Biomedical, Viasys
Neurocare, Madison, WI, USA) was used with settings of sensi-
tivity of 200 uV/division, a sweep speed of 10 ms/division, and
afilter at 20-200 Hz. The three recorded responses consisted of
an ipsilateral early component (R1) followed by ipsilateral and
contralateral late components (R2 and cR2, respectively) (Figs.
1,2). Responses were defined as acceptable, prolonged (ipsilat-
eral R1 >13.1 ms, ipsilateral R2 >41 ms, or contralateral R2
>44 ms), or no response. An acceptable response was assigned
avalue of 3, a prolonged response was assigned a value of 2, and
no response was assigned a value of 1 [10].

To measure the TPD, a Dellon-McKinnon Disk-Criminator
(Sammons-Preston Canadian Inc., Mississauga, ON, Canada)
was used. The measures were transformed into categorical data as
follows: a TPD of 1-5 mm was given a value of 4, a TPD of 6-10
mm was given a value of 3, a TPD of 11-15 mm was given a value
of2, and an unmeasurable TPD was given a value of 1 [11].

To measure the vibration perception threshold, an MMD-
1000A Biothesiometer (Medical Supply Co., Seoul, Korea) was
used. The measurements were transformed into categorical data

as follows: a vibration perception threshold up to 15 V was as-
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Fig. 1. Blink reflex test

(A) Stimulation of the infraorbital nerve: active electrodes on the
bilateral lower eyelids, reference electrodes on bilateral temples,
and a ground electrode on chin, with stimulation above the infra-
orbital foramen. (B) Waveform of the infraorbital blink reflex from
normal and abnormal patients. R1, ipsilateral early component; R2,
ipsilateral late component; cR2, contralateral late component.
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Fig. 2. Schematic representation of the blink reflex pathways

Vmot, trigeminal motor nucleus; Vpr, principal trigeminal nucleus;
VI, abducens nucleus; VII, facial nucleus; mid, middle; Tegm, teg-
mental; R1, ipsilateral early component; R2, ipsilateral late compo-
nent; cR2, contralateral late component.
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signed a value of 3, a vibration perception threshold of 16-25 V
was assigned a value of 2, and a vibration perception threshold
of >25V was assigned a value of 1 [12].

Statistical analysis

The results are presented as mean values. The analysis was per-
formed using a linear mixed effects regression model. All mod-
els included the following covariates: sex, age, smoking status,

orbital floor reconstruction requirement, and time. If time was

Archives of Plastic Surgery AP S

Table 1. Demographic characteristics of patients

Characteristics Value
No. of patients 18
Mean age (yr) 44,75
Sex ratio, male/female 11/7
Side, left/right 8/10
Smoking 2
Floor operation 3
Average follow-up period (mon) 4.7

significant, Bonferroni-adjusted pairwise comparisons were
performed to determine significant changes between periods
(TO and T1, TO and T4, and T1 and T4). Their respective dif-
ferences and 95% confidence intervals (CIs) were calculated,
and P-values of 0.05 or less were considered to indicate statisti-
cal significance. All statistical analyses were performed using
Stata version 14.0 (StataCorp, College Station, TX, USA).

RESULTS

Eighteen of the 109 initially enrolled patients completed the
study. Sixty-two of the remaining 91 patients discontinued par-
ticipation for personal reasons, and 29 did not complete follow-
up. Of the 18 patients who were ultimately analyzed, 11 were
men and seven were women (mean age, 44.75 years; range, 18—
68 years). None of these 18 participants had diabetes mellitus.
Two were smokers. Fifteen patients had an isolated ZMC frac-
ture, and three had a ZMC fracture combined with a blow-out
fracture. Ten patients had a ZMC fracture on the right side. All
patients underwent open reduction and internal fixation. Three
of the patients underwent orbital floor reconstruction. The in-
fraorbital foramen and nerve were observed in all cases during
surgery, and no ION trapping at the fracture site or any direct
ION injury was observed. Following surgery, neither wound in-
fection nor hematoma was observed in any case. All patients
were followed up for at least 4 months, with an average of 4.7
months (Table 1).

Visual analog scale

The average VAS score at TO, T1, and T4 was 2.06, 0.43, and
0.18, respectively. Preoperatively, all patients had a VAS score of
less than 5, and three patients had normal sensation. VAS scores
were only significantly influenced by time. The VAS assessments
at T1 (estimated difference, —1.63; 95% ClI for difference, —2.19
to —1.06) and T4 (estimated difference, —1.88; 95% CI for differ-
ence, —2.44 to —1.31) reflected significant improvements com-
pared to TO. VAS scores significantly improved starting 1 month
postoperatively. At the final follow-up, 16 patients had normal
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Table 2. Mean VAS, infraorbital blink reflex, static two-point discrimination, and vibration perception threshold scores

Infraorbital blink reflex

Static two-point discrimination

Vibration perception threshold

Time VAS - - - -
R1 R2 cR2 Eyelid Nose  Zygoma Lip Eyelid Nose  Zygoma Lip
T0 2.06 2.25 2.31 2.31 1.81 2.00 1.75 212 2.62 2.68 2.68 2.81
T 0.43 2.37 2.43 2.43 2.31 212 2.31 2.75 2.81 2.87 2.75 2.75
T4 0.18 2.75 2.81 2.81 2.37 2.56 2.56 2.81 3.00 2.93 2.75 2.87

component; cR2, contralateral late component.

VAS score of 0 denoted normal intensity sensation and 10 represented no sensation.
VAS, visual analog scale; TO, preoperatively; T1, 1 month postoperatively; T4, at least 4 months postoperatively; R1, ipsilateral early component; R2, ipsilateral late

Table 3. Significance of covariates for the visual analog scale

Table 4. Sample estimates and standard deviations for VAS
scores by time

sensation, and two patients had VAS scores of 1 and 2, respec-
tively. All patients showed VAS improvement (Tables 2-4).

Infraorbital blink reflex

The infraorbital blink reflex on the nonfractured side was nor-
mal in all patients. Preoperatively, 11 patients had acceptable R1,
R2, and cR2; five had no response on R1, R2, and cR2; one had
prolonged R1, R2, and cR2; and one had prolonged R1 and ac-
ceptable R2 and cR2. These findings indicate that even though
most patients complained of ION dysfunction preoperatively,
11 (61%) had no significant ION injury. The infraorbital blink
reflex was significantly influenced only by time. R1, R2, and cR2
at time 4 were significantly larger than at TO (estimated differ-
ence, 0.50; 95% CI for difference, 0.06 to 0.94). R1, R2, and cR2
significantly improved at 4 months postoperatively. At the final
follow-up, only three patients (16%) had abnormal R1, R2, and
cR2 (Tables2, 5, 6).

Static two-point discrimination

On the nonfractured side, TPD showed no significant change
over time. The eyelid TPD was significantly influenced by sex,
smoking status, and time. The nasal TPD was significantly influ-
enced by sex and time. The zygomatic TPD was significantly in-
fluenced by smoking status and time. The lip TPD was signifi-
cantly influenced by orbital floor reconstruction and time. The
value of TPD at T4 was significantly higher than that at time 0 in
all areas (eyelid: estimated difference, 0.56; 95% CI for differ-
ence, 0.03 to 1.09; nose: estimated difference, 0.56; 95% CI for
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Variable Coefficient+ SE P-value
T T4
Sex -0.57+0.34 0.097 ' '
Time MeanzSD mean difference mean difference
Age —0.01 £0.01 0.521 (95% Cl) (95% Cl)
Smoking 0.53+0.67 0.429
Floor operation 0.52 + 0.41 0.210 TO 2.06+1.34 -1.63(-2.19,-1.06)?  —1.88 (-2.44,-1.31)?
Time 094+0.14 <0.001% T 0.44£0.73 —0.25 (-0.81,0.31)
T4 0.19+0.54
SE, standard error.
AP <(.05. VAS score of 0 denoted normal intensity sensation and 10 represented no
sensation.

VAS, visual analog scale; TO, preoperatively; T1, 1 month postoperatively; T4, at
least 4 months postoperatively; Cl, confidence interval.
9P <0.05.

difference, 0.14 to 0.98; zygoma: estimated difference, 0.81; 95%
CI for difference, 0.25 to 1.38; lip: estimated difference, 0.69;
95% Cl for difference, 0.11 to 1.26). The value of TPD at T1 was
significantly higher than that at TO in the lip (estimated differ-
ence, 0.63; 95% CI for difference, 0.05 to 1.20) (Tables 2,7, 8).

Vibration perception threshold

On the nonfractured side, the vibration perception threshold
showed no significant change over time. In the eyelid and nose,
the vibration perception threshold was significantly influenced
by time. In the zygoma and lip, the vibration perception thresh-
old was significantly influenced by the requirement for orbital
floor reconstruction. The value of the vibration perception
threshold at T4 was significantly higher than that at TO in the
eyelid (estimated difference, 0.38; 95% ClI for difference, 0.09 to
0.66) (Tables 2,9, 10).

DISCUSSION

In the infraorbital blink reflex, the afferent portion of the blink
reflex is supplied by the ION, and the efferent volleys are con-
ducted by branches of the facial nerve that innervate the orbicu-
laris oculi muscle. When the skin innervated by the ION is elec-
trically stimulated, a CMAP from the surface of the orbicularis
oculi muscle is recorded. When the ION is injured, a change in
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Table 5. Significance of covariates for the infraorbital blink reflex

R1 R2 cR2

Variable

Coefficient+ SE P-value Coefficient £ SE P-value Coefficient £ SE P-value
Sex 0.53+0.34 0.109 0.60 £0.32 0.060 0.60 £0.32 0.060
Age 0.00 £ 0.01 0.985 —0.01 £0.01 0.483 —0.01£0.01 0.483
Smoking 0.37£0.66 0.568 0.37£0.63 0.557 0.37 £0.63 0.557
Floor operation 0.07 £0.40 0.869 0.02+0.39 0.959 0.02+0.39 0.959
Time 0.25+0.09 0.007% 0.25+0.09 0.007% 0.25+0.09 0.007%
S)E, standard error; R1, ipsilateral early component; R2, ipsilateral late component; cR2, contralateral late component.
9P <0.05.

Table 6. Sample estimates and standard deviations for infraorbital blink reflex by time

Time Mean+SD T1, mean difference (95% CI) T4, mean difference (95% CI)
R1 TO 2.25+0.93 0.13(-0.31,0.56) 0.50 (0.06, 0.94)?
T 2.38+£0.89 0.38 (-0.06, 0.81)
T4 2.75+0.58
R2 TO 2.31+£0.95 0.13 (-0.31, 0.56) 0.50 (0.06, 0.94)?
T 2.44+0.89 0.38 (-0.06, 0.81)
T4 2.81£0.54
cR2 TO 2.31+£0.95 0.13(-0.31, 0.56) 0.50 (0.06, 0.94)"
T 2.44+£0.89 0.38 (-0.06, 0.81)
T4 2.81+£0.54
R1, ipsilateral early component; R2, ipsilateral late component; cR2, contralateral late component; TO, preoperatively; T1, 1 month postoperatively; T4, at least 4 months
postoperatively; Cl, confidence interval.
9P <0.05.

Table 7. Significance of covariates for static two-point discrimination

Variao] Eyelid Nose Zygoma Lip

anavle Coefficientx SE  P-value Coefficient£ SE  P-vlaue Coefficient£SE  P-value Coefficient= SE  P-value
Sex 0.73+£0.20 <0.001? 1.01+£0.33 0.002? 0.42£0.21 0.053 0.36 £0.29 0.216
Age -0.01 £0.01 0.192 0.01 £0.01 0.130 0.01£0.01 0.146 —0.00 £ 0.01 0.969
Smoking 1.12+£0.40 0.005? 0.42£0.65 0.517 0.87 £0.42 0.0407 0.88+0.58 0.127
Floor operation 0.29+0.25 0.242 —0.72+0.40 0.071 —-0.19+0.26 0.471 —0.77 £ 0.36 0.031?
Time 0.28 +£0.11 0.0129 0.28£0.09 0.002? 0.41£0.12 0.001? 0.34£0.12 0.005?

SE, standard error.
P <0.05.

the CMAP can be observed. ZMC fractures are commonly ac-
companied by ION dysfunction. Therefore, in patients with
ZMC fractures, the presence of an abnormal infraorbital blink
reflex may indicate nerve injury along the ION-facial nerve
pathway.

The CMAP is normally composed of three responses: R1, R2,
and cR2. The R1 response is mediated by an oligosynaptic pon-
tine circuit. The R2 and cR2 components result from activation
of a polysynaptic chain of brain stem interneurons extending in
the lateral reticular formation at the pontine and medullar level
[8,13]. Because the circuit of R1 is shorter than that of R2 and

cR2, R1 is recorded earlier than R2 and cR2. The efferent volley
of the R2 response involves the ipsilateral facial nerve, but that
of the cR2 involves the contralateral facial nerve. Therefore,
when the ION is injured, R1, R2, and cR2 may show similar
changes because the afferent portions are in the ION. In our
study, six patients with an abnormal infraorbital blink reflex had
identical grades of R1, R2, and cR2. However, one patient had
prolonged R1 and acceptable R2 and cR2. Recently, Ohki and
Takeuchi [9] noted that R1 and R2 may be mediated by differ-
ent sensory nerve fibers: R1 by A-p fibers and R2 by A-f and
A-3 fibers. The thickest type of fiber is A-a, followed in descend-
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Table 8. Sample estimates and standard deviations for static two-point discrimination by time
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Time Mean + SD T1, mean difference (95% Cl) T4, mean difference (95% Cl)

Eyelid TO 1.81+0.91 0.50 (-0.03,1.03) 0.56 (0.03, 1.09)"
T 2.31+£0.79 0.06 (-0.47,0.59)
T4 2.38+£0.72

Nose T0 2.00+1.03 0.13 (-0.29, 0.54) 0.56 (0.14, 0.98)"
T 213+£1.02 0.44 (0.02, 0.86)
T4 2.56+1.03

Zygoma T0 1.75+0.93 0.56 (-0.00, 1.13) 0.81(0.25,1.38)
T 2.31+£0.79 0.25(-0.31,0.81)
T4 2.56 £0.63

Lip TO 213+£1.02 0.63 (0.05, 1.20)? 0.69 (0.11, 1.26)?
T 2.75+0.93 0.06 (-0.51, 0.64)
T4 2.81£0.83

T0, preoperatively; T1, 1 month postoperatively; T4, at least 4 months postoperatively; Cl, confidence interval.

9P <0.05.

Table 9. Significance of covariates for the vibration perception threshold

. Eyelid Nose Lip

Vairable — - — -

Coefficient£ SE  P-value Coefficient£ SE  P-value Coefficient£ SE  P-value Coefficient P-value
Sex 011+£0.12 0.367 015+£0.11 0.200 -0.23+£0.15 0.115 -0.01+£0.10 0.937
Age 0.00 £0.00 0.690 0.00 £0.00 0.446 0.01 £0.00 0.106 —0.00 £ 0.00 0.618
Smoking 0.11+0.23 0.636 0.05+0.23 0.815 0.14+£0.29 0.616 0.11+£0.20 0.586
Floor operation -0.13£0.14 0.352 -0.15+0.14 0.276 -0.70+0.18 <0.001? -0.58+0.12 <0.001?
Time 0.19+0.06 0.001? 0.13+0.06 0.033% 0.03+0.04 0.476 0.03+0.06 0.572

SE, standard error.
P <0.05.

Table 10. Sample estimates and standard deviations for the vibration perception threshold by time

Time Mean + SD T1, mean difference (95% Cl) T4, mean difference (95% Cl)

Eyelid TO 2.63+0.50 0.19 (-0.09, 0.47) 0.38 (0.09, 0.66)”
T 2.81+£0.40 0.19 (-0.09, 0.47)
T4 3.00+0.00

Nose TO 2.69+0.48 0.19 (-0.09, 0.47) 0.25 (-0.03, 0.53)
T1 2.88+0.34 0.06 (-0.22,0.34)
T4 2.94+0.25

Zygoma TO 2.69+0.48 0.06 (-0.15,0.27) 0.06 (-0.15,0.27)
T 2.75+0.45 0.00 (-0.21,0.21)
T4 2.75+0.45

Lip TO 2.81+0.40 —0.06 (-0.32, 0.20) 0.06 (-0.20, 0.32)
T 2.75+0.45 0.13 (-0.14, 0.39)
T4 2.88+0.34

T0, preoperatively; T1, 1 month postoperatively; T4, at least 4 months postoperatively; Cl, confidence interval.

P <0.05.

ing order by A-p, A-§, and C. Thicker fibers are more susceptible
to compression or inflammation [14]; thus, the fibers related to
R1 may be more fragile [9]. Therefore, we expected abnormal
R1 to be more sensitive to ION injuries. However, we did not
observe a significant difference between R1, R2, and cR2.
Preoperatively, on the VAS, three patients had normal sensa-
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tion, and 15 patients had paresthesia. Seven patients had an ab-
normal infraorbital blink reflex, indicating nerve damage more
severe than neurapraxia, as patients with an abnormal blink re-
flex might have more severe symptoms than patients with a nor-
mal blink reflex. Therefore, although 15 patients complained of
some degree of ION dysfunction, only seven (46%) of these pa-
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tients had nerve damage identified in the infraorbital blink
study. Recovery of the VAS scores required less time than that
of the infraorbital blink reflex. Compared to the preoperative re-
sults, the VAS significantly improved at 1 month postoperative-
ly, while the infraorbital blink reflex significantly improved by
the final follow-up.

In our experience, many patients complained about affected
sensory perception in the lip despite normal sensation in other
areas. Nerve recovery is better after distal injuries than after
proximal ones [ 15]. The lip is the farthest distance from inferior
orbital canal or foramen. These structures are commonly dam-
aged by ZMC fractures that disrupt the ION-mediated innerva-
tion of target organs. Therefore, we predicted that the lip would
show the latest sensory recovery of the studied structures. Our
results showed that vibration perception threshold of the lip had
not improved by the final follow-up, but TPD of the lip had sig-
nificantly improved. Gelberman et al. [ 16] reported that thresh-
old tests such as the vibration and Semmes-Weinstein monofila-
ment tests consistently better reflected gradual changes in nerve
function than innervation density tests like TPD and moving
TPD. Therefore, sensory recovery of the lip tends to occur later
than that in other areas innervated by the ION.

Age is a factor contributing to peripheral nerve recovery,
which is usually slow and partial in patients older than 50 years
[17,18]. However, in our study, age did not have an influence on
recovery from ION injury. This may be a result of the small
number of patients included or the fact that only mild ION inju-
ries were analyzed. In our study, most patients had recovered
from ION dysfunction within 16 weeks. Therefore, most pa-
tients included in our study did not have more severe nerve in-
jury than neuropraxia. When a nerve is injured mildly, as in
these cases, nerve recovery may not be influenced by age. We
hypothesized that ZMC fractures accompanied by inferior or-
bital wall fractures would show slower sensory recovery than
ZMC fractures alone, since the ION is routed in the floor of the
orbit. However, when the TPD and vibration perception thresh-
old were assessed in four designated areas along the ION path-
way, only the lip was influenced by inferior orbital wall fracture.
Homer at al. reported that patients with isolated floor fractures
noted long-term numbness in the cheek only, suggesting that
the permanent injury was isolated to a single ION branch
[7,19]. Therefore, inferior orbital wall fractures have a high
probability of causing nonselective injuries of a single ION
branch.

Our study has several limitations. First, the sample size of the
present study was insufficient to ensure the validity of the find-
ings. Although 109 patients were enrolled in our study, only 18
completed the study. This may result from the long measure-
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ment duration of 15 to 20 minutes for blink testing, which can
be difficult in long-term follow-up. Some people experienced
discomfort from the electrical stimulus. Second, the average fol-
low-up period was 4.7 months; this may not have permitted
time for neural regeneration, which may take more than 6
months postinjury [20]. However, at the last follow-up exami-
nation, most patients had recovered from ION damage. There-
fore, the assessment of sensory recovery was not an issue. Third,
we did not assess the possible association between ION dys-
function and the ZMC fracture pattern, which should be inves-
tigated in future studies.

The blink reflex test is an electrophysiological technique that is
used to assist in the evaluation of patients with suspected tri-
geminal or facial nerve disorders or demyelinating polyradicu-
lopathies [8,21-24]. Ohki and Takeuchi [9] evaluated the objec-
tivity of the infraorbital blink reflex in patients with maxillary le-
sions and concluded that the infraorbital blink reflex is an objec-
tive method for evaluating ION injuries. Therefore, we used the
blink reflex as an objective and quantitative method to evaluate
ION injuries following ZMC fractures, and we demonstrated
that the infraorbital blink reflex reflected the recovery of ION
dysfunction.
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