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SUMMARY

Background & Obijective: This study compared the
therapeutic effects of Transcutaneous Electrical Nerve
Stimulation (TENS), Cryotherapy and Placebo on pain,
swelling and trismus following surgical extraction of the
third molar tooth.

Methods: Eighteen (18) patients who underwent surgical
extraction of the impacted tooth were randomly assigned
into three groups- TENS, Cryotherapy and Placebo.
Following the surgery, a standard form of TENS was applied
over the painful area of cheek for TENS group, Ice was
applied directly over the painful area for Cryotherapy
group. The TENS machine was detuned while electrodes
were applied on the painful sides of the cheek for Placebo
group. The pre-operative, pre and post physiotherapy
treatment pain ratings, swelling and mouth opening were
monitored in each group and the results were compared.
Data were analyzed with ANOVA, Turkey's Post-Hoc and
t-tests. Level of significance used was 0.05.

Results: There was significant reduction in pain in all the
groups. TENS and Cryotherapy were more effective in
pain modulation than Placebo treatment. Significant
reduction in trismus was also demonstrated in the TENS
and Cryotherapy over the placebo group (P<0.05). Apart
from the placebo treatment, the result did not show
significant changes (p>0.05) in swelling resolution.

Conclusion: TENS and Cryotherapy were more effective
than Placebo treatment in pain modulation and relief of
trismus following dental surgery. Therefore the choice
between TENS and Cryotherapy should be based on

availability and easy accessibility. Further studies with
larger number of patients are suggested to evaluate the
effect on swelling resolution.

Key words: TENS, Cryotherapy, Placebo, Pain, Swelling,
Trismus.

INTRODUCTION

TENS is a form of electrical stimulation frequently
used by physiotherapists as a pain relieving modality.
Several studies have investigated its efficiency in pain
relief (Thorsteinsson et al, 1978; Walsh et al, 1990; Olaogun
et al, 2001). TENS provides a degree of pain relief by
specifically exciting sensory nerves- stimulating the large
diameter A-alpha and C fibres. There are theories that
have been proposed to explain how pain could be altered
by electrical stimulation; such include the pain gate
(Melzack and Wall, 1965), endorphin release proposed by
Sjolund and Erickson (1979) and post excitation depression
of the sympathetic nervous system proposed by Sato and
Schmidt (1973).

Cryotherapy is the application of ice for the treatment
or management of injuries, diseases and pain. It can be
applied in forms of ice packs, ice shushes, vapocoolant
sprays or chilled whirlpools. Its physiological effects
include analgesia, vasoconstriction and control of swelling
(Kitchen, 2002). Cryotherapy can stabilize the membrane
and reduce cell metabolism leading to a local reduction in
pain (Leeetal, 1978).

Placebo is defined as any therapy or component of
therapy that is deliberately used for its nonspecific,
psychological, or psychophysiological effect. A percentage
of people respond to placebo treatment (Thonsteinson et
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al, 1978).

Third molar extraction is usually done as a day case
under local anesthesia, the effect blocks feeling in the jaw
and gum and patient stays awake throughout the period
of the operation. The dental surgeon cuts through the
gum and may remove some of the jawbone to reach the
tooth which is then removed and the wound is closed
with stitches (Weil et al, 2007).

The possible sequelae of this surgical procedure are
pain, swelling and trismus. Others include hemorrhage,
alveolar osteitis, soft tissue infection, temporary
paraeathesia and permanent anesthesia and numbness of
the lips, tongue and cheek. The numbness is due to injury
to the mandibular and lingual nerves. (Student's Microsoft
Encarta, 2008).

Pain, according to the International Association for
the Study of Pain (IASP), is an unpleasant and emotional
experience associated with actual or potential tissue
damage or described in such terms (Readyard and
Edwards, 1992). Pain is a result of inflammation, the tissue
response to the surgical injury and is produced by the
release of chemical mediators such as histamine and
bradykinin.

Swelling is a result of increase in vascular
permeability during the acute inflammation process.
Protein-rich fluid escapes from the blood stream into the
tissues and accumulates in the interstitial spaces in order
to bathe the surgically injured area with increased amount
of nutrients and disease fighting constituents of the blood.
However, the pressure of the inflammatory exudates on
the sensory nerve endings of the teeth also increases the
patient's perception of pain (Kumar et al, 2006).

Trismus, a restriction in mandibular opening, may
be due to spasm of the masseter muscles. It is the same
symptom which is often the initial manifestation of
generalized tetanus (lock jaw) (Starke, 1997). Medically,
patients are often placed on antibiotics to combat infection
and analgesics to modulate the post-surgical pain.

The purpose of this study is to compare the
therapeutic effects conventional TENS and Cryotherapy
on pain, swelling and trismus following third molar tooth
extraction.

MATERIALSAND METHODS
Study Site

Oral and Maxillofacial Surgery Clinic of the University
of Ghana Dental School, and the Physiotherapy
Department of Korle-Bu Teaching Hospital, Accra, Ghana.

Study Sample

Eighteen (18) patients who underwent surgical
extraction of impacted third molar teeth were randomly
assigned into three groups- TENS, Cryotherapy and
Placebo.

Ethical Issues
Patients were given explanation on an informed
consent sheet in respect of the study. Verbal participation

and written informed consents were obtained from
participants. Patients were on the prescribed antibiotics
after the surgical extraction and were advised not to take
any analgesic but could only do so if there was a need.
Ethical clearance was obtained from the Ethical Review
Committee of the School of Allied Health Sciences.

Instrumentation

An EV-507D Combo Stim Digital TENS/EMS (Mucha,
Taipei, ROC) machine was used to administer TENS to
those in the TENS groups in this study.

VISUALANALOGUE SCALE (VAS), aself report
by patient was used to rate pain intensity. It is a 10cm
horizontal line with mark of zero and ten at the two ends
signifying no pain and worst pain respectively.

PAIR OF DIVIDER was used together with a short
rule to measure the interincisal distance pre and post
extraction of the tooth.

An inextensible MEASURING TAPE (Singer, China)
was used to measure the linear distance from the
anatomical land mark of the mastoid bone to mandibular
mid line to assess oro-facial swelling in centimeters.

ICE CUBES of appropriate size were used for
Cryotherapy.

Procedure
PRE-OPERATIVE EXAMINATION

Each patient was initially assessed for mouth
opening with the pair of divider and a ten centimeter rule
following the procedure of Okeson (1993).

POST OPERATIVEATTENTION

The following were recorded immediately after the
operation: duration surgical extraction and patient's pain
level . Cheek swelling was measured with the tape measure
following the procedure of Killey and Kay (1980). Patients
were treated with TENS and cryotherapy based on the
group assigned on the first day and then referred to
Physiotherapy Department for further assessment and
treatment on subsequent days. All the patients were given
antibiotics and no analgesics.

TENS participants were treated with TENS (frequency
of 50HZ, short pulse duration of 100 microseconds) for 15
minutes.

For Cryotherapy participants; block of ice was
applied (and rubbed) directly on the painful part of the
cheek for 15 minutes daily.

Placebo participants had the electrodes fixed in place
with the TENS machine detuned, for 15 minutes. Each
participant was treated daily and followed-up for six days,
that is each participant had six (6) treatment sessions. The
study lasted approximately ten (10) weeks.

Data Analysis

Relevant data collected in the study were analyzed using
descriptive statistics of means and standard deviations.
T-test was used for pair wise comparison of pretreatment
(1st Day-Postoperative) and post treatment (6th Day-
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Postoperative) mean values of variables in each group.
Analysis of variance (ANOVA) was used to compare the
means of post-treatment pain ratings, swelling and mouth
openings across the three groups. Turkey's post-hoc
comparison was performed to determine which pairs of
means showed significant differences between TENS
and Cryotherapy, TENS and Placebo and Cryotherapy and
Placebo treatments, on the first and on the sixth day post-
operatively. Alpha level of 0.05 was used for this study.

RESULTS

Table 1 summarizes the distribution of the
participants' ages and durations of surgical extraction..
None of the patients reported the use either of any
analgesic or of any drug outside the prescribed antibiotics.
Figures 1, 2 and 3 are comparative graphs of the overall
changes (between Day 1 and Day 6) in the variables
monitored pain intensity, swelling resolution and trismus
relief (measured by mouth opening). TENS and
Cryotherapy were shown to be more effective in pain
modulation and trismus relief than the Placebo.

With reference to Table 2, there was significant
reduction in pain intensities in all the three groups (p<0.05).
There was no significant reduction in swelling in the TENS
and Cryotherapy groups (p>0.05), but the Placebo
treatment presented a significant effect in swelling
resolution (p<0.05). There was significant improvement in
mouth opening in the TENS and Cryotherapy groups. The
placebo treatment did not present significant effect in
trismus resolution (p>0.05).

Table 3 is the result of ANOVA of post treatment
pain rating, swelling and trismus values of the 3 groups.
There was significant difference (P<0.05) across the three
groups amongst the variables. Table 4 is the result of
Turkey's posthoc analysis sequel to above. It was revealed
that TENS and Cryotherapy were significantly more
effective in pain modulation than the placebo (p< .05), but
no significant difference was found between the TENS
and Cryotherapy groups (P <0.05). On trismus, post-hoc
analysis revealed that Cryotherapy was significantly more
effective than either TENS or Placebo; there was no
significance difference between TENS and Placebo
(p>0.05) in trismus resolution. The mean absolute values
of post treatment orofacial measurements are considered
for swelling. There were significantly higher values in
Placebo than Cryotherapy and in Cryotherapy than in
TENS (p<0.05). (Significantly higher value does not mean
significantly greater effect of treatment here). Table 2
shows the significant effect of Placebo in swelling
resolution.

Table 1: Summary of age of patients and duration of surgical
extraction.

Variables TENS GROUP PLACEBO  Cryotherapy
(n=6) GROUP (n=6)
(n=6)
Mean + SD: Mean + SD Mean + SD Mean + SD
Age (years) 28.72 4.18 27.83 2.02 28.00 3.09
Duration of  34.17 9.48 36.33 8.56 40.72 8.22
Extraction (Minutes)
7
6
5
4
y HPAIN Day 1
HPAIN Day 6
2
1
0
PLACEBO TENS CRYOTHERAPY

Fig. 1: Bar chart showing the effects of the Placebo, TENS and
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Fig. 2: Bar chart showing the effects of the Placebo, TENS and
Cryotherapy on the swelling resolution (measures in centimeters)
of patients from the beginning till the end of treatment
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PLACEBO TENS CRYOTHERAPY

Fig. 3: Bar chart showing the effects of the Placebo, TENS and
Cryotherapy on the range of mouth opening (interincisal distance
in centimeters) of patients from the beginning to the end

Table 2: Paired t-test Comparing pre (Day 1) and post (Day 6) treatment variables per each modality TENS, Placebo, and
Cryotherapy.

DAY 1 DAY 6

Mean + SD Means + SD T-value P-value Significance
TENS
Pain 6.17 +1.83 0.17+0.41 8.783 0.000 S
Swelling 18.90 + 1.02 19.17 + 0.98 -2.169 0.082 NS
Trismus 257 +0.94 4.13+0.60 -4.394 0.007 S
PLACEBO
Pain 6.17 +2.14 3.67+1.21 5.839 0.002 S
Swelling 20.60 +1.47 21.02 +1.47 0.834 0.036 S
Trismus 2.88+1.51 3.65+0.40 1.361 0.232 NS
CRYOTHERAPY
Pain 6.00 + 2.61 0.33 +0.82 4.250 0.008 S
Swelling 19.98 + 1.17 19.95 +1.17 0.337 0.750 NS
Trismus 3.53+0.79 4.58 +0.47 -3.334 0.021 S
Legend:

NS = No Significant Difference
S = Significant Difference

Table 3: Summary of Inferential Statistical Analysis of Post treatment Pain, Swelling and Trismus values groups using ANOVA

Sum of squares Degree of Mean Square Significance
Pain Swelling Trismus  freedom Pain Swelling Trismus (P value)
Between 177.17 43.77 11.90 2 88.58 21.88 5.95 0.000
Within 258,50 158.72 74.23 105 2.46 151 0.71
Total 435.67 202.49 86.13 107

Table 4: Summary of Turkey's Post-Hoc analysis of Post treatment Pain, Swelling and Trismus values.

Group-Group Mean difference (P value) Significance

Pain  Swelling Trismus  Pain Swelling Trismus ~ Pain  Swelling Trismus
Placebo-TENS 2.58 1.55 -0.31 0.000  0.000 0.123 S S NS
Placebo-Cryotherapy  2.88 0.90 -0.81 0.000 0.002 0.000 S S S
Cryotherapy-TENS -0.25 0.65 0.50 0501  0.026 0.014 NS S S
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DISCUSSION

This study showed that TENS, Cryotherapy and
Placebo treatment were effective in relieving pain
secondary to third molar tooth extraction . This study
finding on TENS supported the study by Strassburg et al
(1977) on the influence of TENS on acute pain. They
reported that 29 of their 30 patients underwent tooth
extraction without additional anesthesia when TENS was
applied over the trigeminal nerve at its exit through the
mandible. In another study on the effects of TENS on
pain, swelling and trismus following dental extraction ,
Olaogun et al (2001) found TENS to be more effective than
placebo in pain modulation.

The possible mechanism by which TENS relieves
pain has been attributed to its inhibitory effect on
gelatinosa interneuron by closing the gate to transmission
of nociceptive information (Melzack and Wall, 1965).
Belanger (1985) postulated that TENS analgesic effect was
also partially modulated by endogenous opiate related-
pain modulating system in the brain. Thonsteinson el al
(1978) evaluated the placebo response to TENS treatment.
They found that placebo analgesic effect occurred in 32%
of trials as compared to genuine electrical stimulation. The
significant reduction in pain in the Placebo group in our
study, therefore, may be attributed to actual
neurophysiologic events mediated through cognitive,
emotional and attitudinal changes, raising the level of pain
threshold and pain tolerance.

Pain modulation by the Cryotherapy can be attributed
to its physiological effects which include analgesia,
vasoconstriction and control of swelling (Johnson, 2000).
Thermo receptors in the skin are stimulated and produce
an autonomic reflex vasoconstriction over the painful
surface. Ice cooling lowers the local temperature, reduces
cell metabolism and the rate of firing of the nociceptors,
leading to a local reduction in pain (Kitchen, 2002).
Analgesic effect of cold application can also be explained
on the basis of pain gate theory and mediation through
the roles of morphine receptors in the CNS and the
encephalin and endorphins (Doubell, Mannon and Wolf,
1999).

This study revealed that neither TENS nor
Cryotherapy demonstrated any significant effect in
swelling resolution (p>0.05). This finding on Cryotherapy
is in contrast to empirical evidence that the use of ice
reduces swelling in acute injury (Basur et al, 1976). There
was significant resolution in swelling in the placebo group.
The apparent ineffectiveness of TENS and Cryotherapy
over the placebo, on swelling, in this study cannot be
explained. But the following reasons may be offered: : the
conventional TENS used in the study was not strong
enough to produce muscle contraction that will aid venous
return; the period of study was fixed (6 days) for each
participant, whereas rate of swelling resolution might vary
even within the group; according to Kitchen (2002), in
clinical practice Cryotherapy is often accompanied by
compression, swelling reduction may therefore not be

ascribed to cooling alone. Compression could not be
employed in this study. Further studies with larger samples
of participants, with longer period of study and with the
use of acupuncture like TENS, with motoric functions-
producing slow rhythmic muscle contractions are
suggested.

TENS and Cryotherapy demonstrated significant
effect on trismus (Table 2). However, Cryotherapy was
significantly more effective than either TENS or Placebo
(p=0.014; p=0.000, respectively), but there was no
significant difference between TENS and Placebo (p=0.123)
in trismus resolution (Table 4). Trismus is a protective
spasm of the muscle of mastication, particularly the
masseter muscle, restricting the mandibular opening. Pain
modulation by TENS and Cryotherapy coupled with the
anti-inflammatory influence of the prescribed antibiotics
might have attenuated the spasm.

CONCLUSION

The results of this study supported previous studies
on the analgesic effect of TENS, Placebo treatment and
Cryotherapy. Furthermore, the study revealed that TENS
and Cryotherapy were also effective in relieving trismus
following dental surgery. Further studies are suggested
to evaluate the effect of these modalities in swelling
resolution.
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