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REHABILITATION OF PATIENTS WITH INFERIOR ALVEOLAR NERVE
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Mandibular fractures are a common type of injuries of the facial bones. Most of them affect the angle and body of the mandible
in the areas innervated by the inferior alveolar nerve (IAN). Inpatients of maxillofacial units often lack health literacy; therefore,
the aim of our study was to improve the effect of treatment in patients with mandibular fractures and IAN injuries by motivating
patients toward a healthy lifestyle and by pioneering the use of therapeutic agents Mexicor and Combilipen in the standard

regimen.
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In recent years, severe traumatic injuries of facial bones have
become increasingly incident, including multiple fractures and
associated injuries received in road accidents, assaults, sports
competitions, etc. [1]. According to foreign and domestic
reports, mandibular fractures make up to 87% of such injuries;
most of them involve damage to the inferior alveolar nerve (IAN)
[2, 3] caused by bruising, overstretching or pressure from the
fragments of the injured mandible. Strains are observed in
70.1% of cases, contusion in 16.8%, incomplete rupture in
12.5%, and complete rupture in 0.6% of cases [4]. IAN injuries
are subdivided into subclinical, mild, moderate, moderate-
to-severe, and severe [5, 6]. Regardless of their type, they

trigger neurotrophic changes in all tissues innervated by IAN,
resulting in poor bone healing and sensory deficit. One of the
major symptoms of IAN damage suffered by every patient is
pain [7, 8]. Inpatient care is normally provided at maxillofacial
units; outpatients are referred to special rehabilitation units
upon discharge from hospital. Treatment includes surgical
interventions, such as immobilization of fractured bones
or external fixation if bones are severely displaced, and
conservative drug therapies [9, 10, 11, 12, 13].

Management of mandibular fractures should also include
psychological counselling to motivate patients towards a
healthy lifestyle and health literacy [14, 15].
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Delayed diagnosis, immobilization or surgical intervention,
ineffective therapy, failure to comply with doctor's
recommendations and unwillingness to give up bad habits lead
to the irreversible damage to IAN, which ultimately impedes
fracture healing, promotes inflammation, and causes the loss
of sensation and muscle dysfunction in the affected zone.
Therefore, there is a need for an improved rehabilitation plan for
patients with mandibular fractures.

METHODS

The study recruited 212 men aged 19 to 63 with unilateral
mandibular fractures and no severe comorbidities who
presented to Pirogov City Clinical Hospital No. 1 (Moscow)
in 2011-2016 within 24 hours after the injury. Patients with
severe comorbidities, inflammation, and multiple fractures of
the mandible were excluded from the study. All the participants
gave their informed consent. The study was approved by
the Ethics Committee of Pirogov Russian National Research
Medical University (Protocol No. 107 dated April 18, 2011). The
participants were surveyed to obtain information about their
medical history and social background. Upon discharge from
the hospital the patients were referred to the rehabilitation unit.
The patients also received psychological counseling.

Generally, treatment included fracture immobilization and
extraction of teeth in the fracture line, if indicated. If brain injury
was suspected, the patients were referred to a neurologist or
a neurosurgeon. Possible comorbidities were ruled out by a
primary care physician, trauma surgeon, and otolaryngologist.
If maxillomandibular fixation turned out to be ineffective or the
patients developed posttraumatic malocclusion, titanium plate
osteosynthesis was performed. Conservative therapy included
antibiotics to prevent inflammatory complications (IM injections
of 2 ml lincomycin and 1 g cefazolin, both twice a day),
analgesics (2 ml diclofenac, IM, twice a day), oral irrigations,
and medications prescribed by other specialists.

The patients were divided into 2 groups. The control group
(86 patients) received 1 ml 0.5% neostigmine methyl sulfate
solution (marketed as Proserin by Dalhimfarm, Russia) for one
month, 500-1,000 pg cyanocobalamin alternated with 3 ml 5%
thiamine chloride (15 to 20 injections), and 0.005 g dibazol per
os for one month. The main group consisted of 126 patients
who received Combilipen by Pharmstandard-UfaVITA, Russia
(pyridoxine + thiamine + cyanocobalamin + lidocaine) and
ethyl methyl hydroxypyridine succinate (marketed as Mexicor,
EcoPharminvest, Russia).

The dose of ethyl methyl hydroxypyridine succinate
recommended by the manufacturer was 150 mg; it was
administered to the patients intramuscularly twice a day for
14 days. After that the patients received the medication in
capsules (100 mg twice a day for 21 day).

Combilipen was administered to the patients intramuscularly
at the dose of 2 ml once a day for 10 days, followed by a
3-week regimen of 3 times a week.

Based on the classification of IAN injuries proposed by
A.Korzh in 1989, the patients in both groups were subdivided
into three subgroups depending on whether their IAN injuries
were mild, moderate or moderate-to severe/severe.

Treatment effect was evaluated based on:

1. The electrical excitability of the lower lip and chin on the
affected side. To measure it, we needed to determine the actual
site of nerve damage and estimate its size.

To ensure maximum accuracy of both measurements
and result interpretation, we selected three landmarks on the
patient’s face two of which were located midway between
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the lower lip and the most prominent point of the chin (A) and
midway between the mouth corner and the lower border of the
mandible (B). Thus, the line connecting A and B was horizontal.
Point C was located halfway between the middle of the lower
lip and the mouth corner. The vertical line going downwards
from point C crossed the horizontal line and thus formed 4 test
zones [16].

The sensory exam included light stimulation of the chin
skin with a brush or a cotton pad. To assess patient’s deep
sensations, the chin was palpated.

Electrical excitability of the skin on the affected side was
measured in the 4 zones mentioned above within 24 hours
after admission, on day 10, on days 32-40, after the splints
were removed, and 6 months after the injury.

The skin of the examined zones was cleansed with 70%
ethyl alcohol (ethyl alcohol also ensured better electrical
conductivity). The electrode of PARKELL Digitest 2 (Parkell,
USA) was placed on the sites innervated by IAN in the 4 studied
zones. We determined the minimum current that evoked a
sensation in the patient (tingling, prickling, etc.). The patient
reported their sensation to the doctor. The current was supplied
in pulses increasing from 0 to 160 pA [17].

Skin excitability on the affected side corresponded with the
severity of injuries to IAN aiding the distribution of patients into
the groups. For uniformity, skin excitability was measured in
zone 3 in all patients. On the intact side it varied from 25 to
35 pA in all patients. In patients with mild injuries excitability
on the affected side ranged from 35 to 69 pA; patients with
moderate injuries demonstrated a range between 70 and
129 pA; in patients with severe injuries skin excitability was
130 pA and higher.

2. Social background and hygiene of the patients.

More than half of the patients with mandibular fractures
were under the influence of alcohol at the time of admission. Of
those patients who were behind the wheel during the accident,
29.8% were drunk. Our survey revealed that 38.4% of the
participants had a drinking problem. There were 2.3 times more
alcohol abusers among the unemployed patients than among
those who had a job (66.6% vs 24.6%). Among the patients
with a university degree the number of alcohol abusers was
significantly lower (p < 0.05) than among those who did not
have a degree. The coefficient r of correlation between alcohol
abuse and education was —0.889 (m = + 0.114, p < 0.05). Of
all surveyed patients, 70.4% were regular smokers; half of them
(50.8%) admitted that smoking was bad for their health but
could not give it up. Only 3.4% did not believe smoking could
have a negative effect on their health.

Ninety percent of the respondents reported that they had
never tried narcotic drugs; 7.1% had tried them once, and
1.9% still used them occasionally. One in 100 patients was a
regular user. All of those patients were below 40 years of age.

Among the patients with mandibular fractures 44.2%
were overweight. Only 13.4% of the participants watched
their weight. Overweight and its metabolic consequences can
delay bone healing. A very thick subcutaneous tissue layer
complicates palpatory and visual examination of fractures
and facial deformities. Sometimes blood vessels leak fluid
into the subcutaneous tissue, causing hematomas that can
get infected and start festering. In our study the coefficient
r of correlation between these parameters was + 0.749
(n=+0.114, p<0.05). Only 9.8% of patients followed doctor’s
advice and watched their diet. Among them the majority were
over 50 years of age.

Body weight may be indicative of a particular diet a patient
follows and his/her attitude to physical exercise. More than
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half of the study participants (59.8%) tended not to engage in
physical activity. Among them the number of patients over 50
years of age was 2.3 times higher than among their younger
counterparts (74.4% vs 31.1%, p<0.05). It total, three quarters
of the patients rarely visited a doctor when they got ill, did not
undergo regular checkups, did not do any therapeutic exercise
or follow doctor’s advice, etc.

RESULTS

Using PARKELL Digitest 2 (Parkell, USA) we obtained data
about the electrical excitability of the skin in IAN-innervated
areas located on the chin and the lower lip. Dental pulp tests
were not performed because patients were wearing fixation
splints at that moment.

Our study was conducted in two groups of patients: the
first consisted of patients with angle fractures of the mandible
who received Mexicor and Combilipen as part of their complex
therapy, and the second group included patients who did not
receive those medications. Measurements were taken on the
day of admission, on day 10 following the admission, days
32-40 and 6 months after the injury.

Skin excitability was higher in zones 2 and 3 than in zones
2 and 4.

In patients with mild injuries to IAN mean excitability values
were 55 + 1.5 yA and 58 + 1.5 pA (zones 2 and 3, respectively).
The patients reported a tingling sensation in the lower lip on the
affected side and a reduced sense of touch. In patients with
moderate injuries skin excitability varied from 109.6 + 3.1 pAto
121.9 + 3.5 pA. In patients with severe injuries it ranged from
159.5 + 4.5 pAto 168.1 = 4.8 pA, suggesting a more serious
loss of sensation in the studied zones. Patients with moderate
and severe damage to IAN reported a total loss of sensation in
these zones, complained of pain, dysfunction of facial muscles,
impaired mucosal and dental sensation on the affected side.
Because IAN branches supply sensation to the front teeth,
small contralateral zones of paresthesia were observed in the
lower lip and chin of 18.6% of patients.

Over the course of treatment, the main group patients with
mild injuries demonstrated reduction in skin excitability in zones
1and 4 (29.4 + 1.4 pA and 27.4 + 1.5 PA, respectively). These
values correlated with the electric excitability of the skin on the
intact side. In zones 2 and 3 excitability decreased to 40.1 +
4.2 yA and 42.3 + 4.0 pA, respectively, in the main group. This
tendency was less pronounced in the controls in which skin
excitability decreased to 35.1 + 1.4 yAinzone 1, 49.6 + 4.6 YA
inzone 2, 50.8 + 4.6 pAin zone 3, and 36.2 + 1.6 YA in zone 4.

In the main group the patients with moderate and severe
injuries also demonstrated reduction in the electric excitability
of the skin on the affected side. The values were 1.2-1.3 times
lower than in the controls.

Our analysis reveals that after completing their treatment, the
patients with mild injuries both in the main and control groups
had the same level of skin excitability on the affected and intact
sides. Only 15% of the controls retained a tingling sensation,
while others no longer showed any clinical symptoms of IAN
damage.

In the patients with moderate injuries skin excitability was
the highest in zones 2 and 3, equaling on average 40.5 +
3.9 pA and 59.7 + 3.7 PA, respectively, in the main group, and
65.1 + 5.4 pA and 85.7 + 5.1 YA, respectively, in the controls.
In the main group the paresthetic area grew smaller, but in 25%
of the controls its size did not change.

In the patients with severe damage to IAN, skin excitability
in the studied zones was 1.3-1.4. times lower than in the
controls. At the end of the treatment course 73% of the
controls still had pronounced clinical symptoms indicating
IAN damage, whereas the patients in the main group were
gradually improving (smaller areas of paresthesia, less severe
pain). As seen from the measurements taken on days 32-40
of treatment, skin excitability in all 4 zones was decreasing in
the patients who had been receiving Combilipen and Mexicor.
The choice of those therapeutic drugs was not random: Order
1497n of the Ministry of Health of the Russian Federation on
the Treatment of patients with damage to the facial nerve dated
December 24, 2012, recommends that such patients should
be prescribed vitamins B1, B6 and B12 as part of their complex
treatment. The beneficial effect of antioxidants in the complex
therapy of peripheral nerve injuries has also been demonstrated
by a number of foreign and Russian researchers [18, 19].

Rehabilitation of patients with mandibular fractures
included psychological counselling, drug therapy and surgical
interventions. Only half (47.7%) of the patients complied
with  medical recommendations, 32.7% ignored those
recommendations and 19.6% followed them selectively.

According to the patients, among the factors interfering with
their medical rehabilitation were the absence of positive effect
of treatment (49.3 cases), queues in rehab units (41.2), pain
or unpleasant sensations during medical procedures (38.7),
lack of money (37.6), lack of motivation (28.4), lack of trust in
doctors (23) (cases are specified per 100 surveyed patients).
Almost half of the surveyed patients who only partially complied
with the medical recommendations named 2 to 3 reasons that
prevented them from completing the full course of treatment.

DISCUSSION

The electrical excitability of the skin in the areas innervated by
IAN measured at the time of admission was 55.5 + 1.5 pA in
zone 2 and 58 + 1.5 pA in zone 3 in the patients with mild
injuries; in the patients with moderate injuries the figures were
109.6 + 3.1 pAand 121.9 + 3.5 YA, respectively; in the patients
with severe injuries skin excitability in zones 2 and 3 was as
high as 159.5 + 4.5 pyA and 168.1 + 4.8 pA, respectively. Ten
days after the injury skin excitability decreased 1.2-1.3-fold
in the main group in comparison with the controls. On days
32-40 excitability in zones 2 and 3 was 40.5 + 3.9 pA and
59.7 + 3.7 pA, respectively, in the main group patients with
moderate injuries, and 65.1 + 5.4 pA and 85.7 + 5.1 A,
respectively, in the controls. In the patients with severe injuries
it was 1.3-1.4 times lower than in the controls. 73% of the
controls retained clinical symptoms at the same level, while
the dynamics in the main group was positive (smaller areas of
paresthesia, alleviated pain).

Table 1. Electrical excitability of the skin of the lower lip in zones 2 and 3 at the time of admission, corresponding with the severity of damage to IAN

Severity of IAN damage
Zone
mild moderate severe
2 55+ 1.5 pA 109.6 + 3.1 pA 159.5 + 4.5 yA
3 58 + 1.5 pyA 1219+ 3.5 A 168.1 + 4.8 yA
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By the end of treatment, the patients with mild and moderate
injuries to IAN had regained normal electrical excitability of the
skin. Clinical symptoms of IAN damage such as numbness in
the lower lip, pain during palpation of the lower lip, and the loss
of sensitivity on the affected side, were gone.

In the patients with severe injuries (the main group) who
completed the treatment course electrical excitability in all
studied zones fell within the normal reference range. But in
the control group 12 patients still had increased excitability in
zones 2 and 3 (45.1 + 3.2 pA and 43.2 + 3.1 YA, respectively).
Increased skin excitability was accompanied by such symptoms
as numbness and tingling.

By days 32-40, the area of paresthesia in the lower lip,
mouth corner, chin skin, and gums on the affected side had
shrunk in 103 patients from the main group (as compared to
the controls) and covered only zones 2 and 3. Because Mexicor
had a positive effect on microcirculation that was visible already
on day 3 of treatment: soft tissue edema on the affected side
diminished in size in 74 patients.

Motivating the patients toward a healthy lifestyle was one
of the most important components of the treatment plan. Our
study shows that low health literacy is one of the major factors
negatively affecting person’s general health. The patients were
encouraged to change their attitude to health care in general
and diet and exercise in particular. As a result, the proportion
of patients following a healthy diet increased from 13.6% to
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