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Abstract
Purpose—To assess the impact of cryotherapy or topical minocycline on patients’ perceptions of
recovery from pain after third molar surgery in an exploratory comparative-effectiveness study.

Patients and Methods—Subjects aged at least 14 years who were having all 4 third molars
removed were enrolled in 3 separate institutional review board–approved studies. Study groups
included subjects treated with a passively applied cold wrap for 24 hours postoperatively, subjects
treated with topical minocycline during surgery, and subjects enrolled in a nonconcurrent
comparison group who had received neither topical minocycline nor directed cryotherapy. Third
molar surgery was performed in all cases by trained surgeons using the same protocol. An exact
Kruskal-Wallis test was used to compare the distributions of the worst and average pain scores and
a Fisher exact test to compare verbal responses from Gracely pain scales among the 3 groups for
postsurgical days (PSDs) 1 to 3.

Results—This study comprised 51 cryotherapy subjects (2005–2009), 63 minocycline subjects
(2003–2004), and 92 comparison-group subjects (2002–2006) who were treated at academic
centers and in community practices across the United States (N = 206). Demographic descriptors
were similar among all groups. For PSDs 1 through 3 (unadjusted), the highest scores for worst
pain (6–7 [out of 7] on Likert-type scale) were reported less frequently in each of the study groups
than in subjects in the comparison group, although the numbers of subjects reporting the highest
scores were few. The distribution of pain outcomes was significantly different among the 3 groups
for worst pain and affective words on PSD 1 (P = .04 for both). However, the small number of
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subjects who reported the highest pain scores precluded adequate multivariate statistical analyses
for all outcomes on PSD 1 to 3.

Conclusions—Data from this exploratory study suggest that adjunctive therapy to decrease
postoperative pain—cryotherapy or topical minocycline—might be effective at moderating the
patient’s highest pain levels after third molar surgery. The topic should be studied further in a
multicenter, prospective, randomized trial.

Most patients have pain, swelling, and dysfunction related to inflammation for a short,
predictable period after third molar surgery.1,2 Because of the consistency of these
outcomes, recovery after third molar surgery is often used as a model for studying the
efficacy of analgesic and anti-inflammatory drugs for this and other procedures affecting
bone and connective tissue. This model is recommended by the US Food and Drug
Administration for these reasons and because patients having third molar surgery are usually
healthy without complicating medical conditions.3

Almost all patients report taking medications for pain, usually an opioid in combination with
a nonsteroidal anti-inflammatory drug (NSAID), for at least the first few days after third
molar surgery.4 In addition to prescribing these medications for control of pain, surgeons
and other clinicians seek adjunctive measures to reduce inflammation and its related pain
postoperatively. Cryotherapy is used routinely in sports medicine for its beneficial effects,
including a reduction in levels of inflammation and pain.5,6 In addition to their antimicrobial
properties, the second-generation, chemically modified tetracyclines doxycycline and
minocycline have been shown to reduce pain and inflammation after surgery.7,8 Topical
formulations of minocycline, incorporated into a bioresorbable polymer allowing release of
the drug over time, have been effective in reducing inflammation associated with
periodontal inflammatory disease.9 If cryotherapy or topical minocycline can reduce
inflammation and its sequelae after third molar surgery, recovery from postoperative pain
might be improved, possibly decreasing the need for pain medications for a protracted
period after surgery.

The perceptions of recovery from pain of subjects treated at academic clinical centers and in
community practices with cryotherapy or topical minocycline were compared with the
responses from a comparison group of subjects with no specific instructions for cryotherapy
and no topical minocycline at surgery.

Patients and Methods
Healthy subjects (American Society of Anesthesiologists status I or II), aged 14 to 40 years,
scheduled for removal of 4 third molars were recruited and voluntarily enrolled in
institutional review board–approved prospective clinical studies taking place at multiple
academic clinical centers and in community practices across the United States. The clinical
study sites were selected based on the clinicians’ prior experience with similar study
protocols and willingness to participate. The intent of this analysis is to compare the
effectiveness of 3 separate clinical protocols with respect to patient recovery from pain.

CRYOTHERAPY STUDY
Subjects were treated at 1 academic center between 2005 and 2009. Subjects were given a
passively applied thermal wrap and instructed to wear the device continuously for at least 24
hours (either Patient’s PAL [Rogers, AR; product no longer available] or Cool Jaw [Medico
International, Palmer, PA]).
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TOPICAL MINOCYCLINE STUDY
Subjects were treated at 2 academic clinical centers and in 2 community practices between
2003 and 2004. Patients reporting current tobacco use or antibiotic use within the last month
were excluded from enrollment in the topical minocycline study. For subjects in the topical
minocycline study, 1 mg of topical minocycline was delivered through sustained-release
microspheres to each mandibular surgery site after third molar removal (Arestin;
OraPharma, Warminster, PA). Stavropoulos et al10 have provided additional details on the
minocycline study.

COMPARISON STUDY
A comparison nonconcurrent group of subjects were treated at 3 academic centers and in 2
community practices between 2002 and 2006, a time frame close to that of the 2 study
groups. The passive cryotherapy devices were not available for the subjects in the
comparison group, although other cryotherapy measures such as a chemically activated cold
pack that required active patient participation may have been used. The topical minocycline
drug was not available for use in the subjects in the comparison group. Subjects were not
randomized to the treatments (cryotherapy or topical minocycline) or to the comparison
group.

Third molar surgery for all subjects was conducted with the same protocol and included
procedures commonly performed in the United States, such as intravenous anesthesia, and
rotary instrumentation for bone removal for buccal access to mandibular third molars, as
reported by White et al.1 In academic centers surgery was carried out by residents with at
least 1 year of dentoalveolar experience after dental school or by full-time faculty, specialty
board-certified surgeons who were Fellows of the American Association of Oral and
Maxillofacial Surgeons. Third molar surgery in community practices was performed by
specialty board–certified surgeons, all Fellows of the American Association of Oral and
Maxillofacial Surgeons.

In all 3 groups, preoperative data were collected on all subjects including demographics
(age, gender, ethnicity). Data recorded immediately postoperatively addressed the
extensiveness of the surgery: the total surgery time in minutes, bone removal from both
mandibular third molars or not, the anatomic relationship of lower third molars either at or
below the occlusal plane, and the surgeon’s estimate of the degree of difficulty for each third
molar rated on a scale from 1 to 7 for a possible score ranging from 4 to 28.1,2

After third molar removal, subjects in all 3 groups were given a condition-specific
instrument in the form of a diary, to be completed once each postsurgical day (PSD) for 14
days to assess their perception of recovery from pain.11,12 The subjects’ levels of worst pain
and average pain over each postoperative 24-hour period were assessed on a 7-point Likert-
type scale anchored with verbal descriptive anchors “no pain” and “worst pain imaginable.”
The sensory intensity of pain and the unpleasantness of pain were measured by use of
Gracely scales with 13 verbal descriptors.1 Pain intensity was anchored by “nothing” and
“extremely intense,” and pain unpleasantness was anchored by “neutral” and “very
intolerable.” The report of White et al1 provides additional details on data collection and
management, which were the same for all groups.

For the Likert-type scales, pain scores of 6 to 7 (out of 7) were categorized as severe pain, 3
to 5 as moderate pain, and 1 to 2 as little pain. For the Gracely scales, the affective words
“very distressing,” “intolerable,” and “very intolerable” were categorized as “clinically
undesirable.” The affective words “slightly distressing,” “very unpleasant,” “distressing,”
“very annoying,” and “slightly intolerable” were categorized as “clinically acceptable.” The
affective words “neutral,” “slightly unpleasant,” “slightly annoying,” “unpleasant,” and

Gelesko et al. Page 3

J Oral Maxillofac Surg. Author manuscript; available in PMC 2013 March 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



“annoying” were considered “clinically desirable.” For the Gracely scales, the sensory
words “intense,” “very intense,” and “extremely intense” were categorized as “clinically
undesirable.” The sensory words “mild,” “moderate,” “barely strong,” “slightly intense,”
and “strong” were categorized as “clinically acceptable.” The sensory words “nothing,”
“faint,” “very weak,” “weak,” and “very mild” were considered “clinically desirable.”

We used χ2 and Cochran-Mantel-Haenszel row mean score statistics to compare the
demographics (gender, ethnicity, and age) and the extensiveness of the surgery (bone
removal from both lower third molars, mandibular occlusal plane position, total surgery
time, and surgeon’s assessment of total difficulty) among the 3 groups.

The primary outcome analyses of worst and average pain scores and affective and sensory
word categorizations were focused on the first 3 PSDs, the time frame when clinicians
would expect pain outcomes to be most affected by the adjunctive measures (ie, cryotherapy
or topical minocycline). Among the 3 groups, the Fisher exact test was used to compare the
proportion of word categorizations, and an exact Kruskal-Wallis test was used to compare
the distribution of the pain outcomes from the Likert-type scales. The level of significance
was set at .05 for all analyses.

Results
During the 7 years from 2002 to 2009, 206 subjects reported on how having surgery for
removal of all 4 third molars affected their quality of life, including outcomes for
postoperative pain. The cryotherapy group consisted of 51 subjects treated at 1 academic
center from 2005 to 2009; the topical minocycline group consisted of 63 subjects treated at 2
academic centers and in 2 community practices from 2003 to 2004; the comparison group
consisted of 92 subjects treated at 3 academic centers and in 2 community practices from
2002 to 2006.

The median age at surgery was similar for the 3 groups (20 or 21 years) (Table 1). More
women had surgery than men, 57% versus 43%, and white subjects predominated as
compared with subjects of other races, 80% versus 20%. There were no statistically
significant demographic differences among the 3 groups (Table 1). The median total surgery
time was significantly different among the groups (P = .03) and varied from 25 to 27
minutes. The surgeon’s assessment of the degree of difficulty of the surgery ranged from 12
to 14, on average, among the groups. At least two-thirds of subjects in all groups had bone
removal for both mandibular third molars, with the highest frequency being reported for the
comparison group, at 83%. Significantly more subjects in the cryotherapy group had all third
molars at the occlusal plane (62%) as compared with those in the topical minocycline group
(37%) and comparison group (52%) (P = .04).

The frequencies of subjects taking pain medications differed little between study groups.
Almost all subjects, at least 96% in each group, reported using pain medications (opioid,
NSAID, or both) on PSD 1 (data not shown). By PSD 3, these percentages fell, but at least
83% of subjects in each group reported taking pain medication.

The distribution of responses for the comparison subjects was shifted toward the highest
scores for worst pain and “clinically undesirable” affective and sensory words on PSD 1 to 3
(Fig 1; Tables 2, 3). The distribution of pain outcomes was significantly different among the
3 groups for worst pain and affective words on PSD 1 (P = .04 for both). The distribution of
responses for the cryotherapy and minocycline subjects was shifted toward the lowest scores
for average pain on PSD 1 to 3.
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Fewer subjects treated with directed cryotherapy or topical minocycline reported scores for
worst pain of 6 to 7 (out of 7) as compared with subjects in the comparison group (Fig 1).
For example, on PSD 1, only 8% of cryotherapy and 19% of topical minocycline subjects
reported scores of 6 to 7 for worst pain in the past 24 hours, compared with 28% of subjects
in the comparison group. The beneficial impact of cryotherapy and topical minocycline
treatment on worst pain persisted through PSD 3 (Fig 1). For example, on PSD 3, 7% of the
cryotherapy subjects and 8% of the topical minocycline subjects reported scores of 6 to 7 for
worst pain in the past 24 hours, whereas 19% of the subjects in the comparison group
reported these highest levels of pain. A similar distributional shift in the pattern of reported
responses away from the highest scores persisted for average pain. For example, on PSD 1,
35% of cryotherapy subjects and 30% of topical minocycline subjects reported their average
pain being at the lowest pain levels, 1 to 2 of 7, compared with 16% of subjects in the
comparison group (Fig 2).

The Gracely scales’ clinically undesirable affective words and sensory words were also
reported less frequently on PSD 1 to 3 in the cryotherapy and topical minocycline subjects
than in the comparison subjects (Tables 2, 3). For example, on PSD 1, affective words
considered clinically undesirable were reported by 0% of the cryotherapy subjects and 2% of
the topical minocycline subjects, as compared with 11% of the comparison subjects. On
PSD 3, clinically undesirable affective words were reported by 4% of the cryotherapy
subjects and 5% of the topical minocycline subjects, as compared with 11% of the
comparison subjects.

Discussion
Findings from this exploratory comparative-effectiveness study of 3 study protocols
analyzing postoperative data from 206 healthy, young adult subjects, treated at academic
clinical centers and in community practices across the United States, suggested that topical
minocycline placed in third molar extraction sites during surgery or passively applied
cryotherapy postoperatively may be effective as adjunctive measures added to prescribed
analgesic medications to control postoperative pain. These adjunctive measures to pain
medication resulted in a distributional shift in pain scores, away from the most severe pain
levels as reported by subjects in diaries completed for PSD 1 to 3.

The distribution of pain scores for PSD 1 to 3 reported by the 92 subjects in the comparison
group was similar to distributions reported by White et al1 and Phillips et al2 for 545
subjects studied between 1997 and 2001. Although the pain scores reported by the
comparison group were shifted toward more severe pain when compared with the
cryotherapy and topical minocycline groups, subjects in the treatment groups designed to
moderate postoperative pain were not randomized to a treatment group (cryotherapy or
topical minocycline) or the alternative of no adjunctive intervention. In addition, the small
number of subjects who reported the highest pain scores on the Likert or Gracely scales
precluded adequate multivariate statistical analyses for the pain outcomes, and the
comparison among the 3 groups did not include adjustment for potential covariates that
differed among the 3 groups that could affect a subject’s pain response. For example,
subjects in the comparison group had a greater frequency of bone removal, suggesting more
difficult surgery as compared with treatment subjects. However, subjects in the minocycline
group had significantly more mandibular third molars below the occlusal plane, a longer
surgery time, and a higher surgeon’s estimate of degree of difficulty, suggesting more
difficult surgery for these subjects as compared with the other study groups. Because the
design of our study has these limitations, the impact of cryotherapy or topical minocycline
on postoperative pain should be studied further in a multisite, concurrent clinical trial with
subjects randomized to cryotherapy, topical minocycline, both interventions, or neither.
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IS THERE A BIOLOGICAL BASIS FOR CRYOTHERAPY MODERATING POSTOPERATIVE
PAIN?

Cryotherapy is the therapeutic application of cold to remove heat from the body.13 The
depth of the target tissue for cryotherapy is important to consider when deciding on mode of
application. Skin and superficial tissues cool quickly, whereas cold penetration in deeper
tissues is slower and less intense. In their study of temperature change at the quadriceps
muscle, Enwemeka et al6 found significant falls in temperature of the skin and tissues 1 cm
deep after just 8 minutes of cold pack application. The deeper tissues cooled only during
warming of the more superficial tissues, and there was no significant cooling of deeper
tissues (2–3 cm) during treatment. Possoff14 reported human cheek thickness as a mean of
15 mm and a range of 10 to 19 mm. He found only a 1°C decrease in alveolar mucosa
temperature after 30 minutes of cryotherapy (ice bag wrapped in towel). Anatomic variation
in subjects’ jaw shape could impact the effectiveness of any cryotherapy.

HOW DOES CRYOTHERAPY DECREASE A PATIENT’S PAIN EXPERIENCE AFTER
SURGERY?

Cryotherapy raises the threshold for pain fibers and reduces nerve conduction velocity.
Superficial nerves are impacted most often, and sensory fibers are blocked before motor
fibers. Even after removal of the cryotherapy, the effect may last up to 30 minutes. 15 The
literature is unclear on the duration of cryotherapy necessary for clinical improvement; 9- to
15-minute intervals have been reported as successful for pain reduction, but at least 12
minutes is recommended to achieve local numbness.16 Changes in conduction of sensation
occur at higher temperatures than the impact of cold in moderating inflammation.

Incorrect application of cryotherapy can result in damage to the skin, namely frostbite. A
barrier layer of material between the cold substance and the skin minimizes this rare
complication. Freezing and reapplication of single-use chemical cold packs should be
avoided because the toxic refrigerant may leak, resulting in tissue damage.17,18 Patients with
peripheral vascular disease such as Raynaud disease or type 1 diabetes mellitus should use
cryotherapy with caution even for the relatively short postoperative interval.

Cryotherapy has been extensively studied and recommended for many clinical applications
including soft tissue trauma after injury and after surgery, as well as for orthopedic
rehabilitation.19 Multiple modes of cryotherapy have been described (crushed ice, an ice
pack, frozen peas, a chemical gel pack, and the application in this study, a gel pack that must
be frozen before application). The literature is inconclusive as to which form of cryotherapy
is the most ideal treatment; however, all seem to produce temperature reduction adequate for
analgesia. In their critical literature review examining 22 randomized controlled clinical
trials including multiple modes of cryotherapy for patients after injury and after surgery,
Hubbard and Denegar20 concluded that cryotherapy is effective in reducing pain. However,
several of the studies they reviewed were confounded by concomitant use of compression,
requiring—at a minimum—the patient’s active participation in the treatment.20,21

The literature review on cryotherapy after intraoral surgical procedures by Greenstein16 was
inconclusive with respect to the clinical benefits of cryotherapy including pain outcomes.
The oral and maxillofacial surgery literature contains minimal data regarding the
effectiveness of cryotherapy postoperatively for intraoral procedures, and conflicting
evidence exists on whether cryotherapy reduces postoperative pain.22–25

Our subjects were instructed to use their passively applied thermal wraps continuously for
24 hours or through the morning the day after surgery. The thermal wraps took
approximately 40 minutes to freeze initially and then stayed cold for about 20 to 25 minutes.
The application, then, was intermittent because the thermal wrap had to be refrozen before
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reapplication. However, once applied, the device was passive; a subject’s hands were free, a
distinct difference from methods of cryotherapy requiring a patient to actively hold the
device in place, potentially reducing compliance with treatment including the total time the
cryotherapy was applied.

IS THERE A BIOLOGICAL BASIS FOR TOPICAL MINOCYCLINE IN PAIN REDUCTION?
In addition to the bacteriostatic properties of tetracyclines, the chemically modified
tetracycline analogs have multiple non-antibiotic properties including inhibition of
lymphocyte proliferation, inhibition of proinflammatory mediators, and stimulation of bone
formation.7 The tetracycline carboxamide ring system contains upper and lower peripheral
zones that may be modified to affect both antimicrobial and nonantibiotic properties.
Minocycline, like doxycycline, is a chemically modified tetracycline analog, created by
modification of the upper peripheral zone, affecting the biological properties but not the
antimicrobial properties. 7 The work of Bastos et al8 using rat models helped to characterize
the specific antinociceptive and anti-inflammatory effects of minocycline and doxycyecline.
Minocycline inhibits the nociception phase associated with inflammatory mediator
synthesis; thus they propose the related mechanism to be inhibition of synthesis of these
inflammatory mediators.8

For over a decade, chemically modified tetracycline analogs have been used at sub-
antimicrobial dosages for their host modulation properties such as indirect inhibition of
matrix metalloproteinases.26 The seminal experiments of Golub et al27,28 in germ-free
diabetic rat models showed that tetracyclines have clear anticollagenase properties,
independent of their antimicrobial activities. Thus minocycline has been used extensively to
treat chronic inflammatory diseases including periodontal disease, inflammatory acne, and
mild rheumatoid arthritis.8,9 In this study the formulation and dosage of the topical
minocycline made the drug available at the surgical site for the 3-day postoperative study
time frame.

This study has multiple limitations. Although topical minocycline in an extended-release
vehicle was not available for use in subjects in the comparison group, surgeons treating
subjects in the comparison group may have used a form of cryotherapy other than a
passively applied thermal wrap, and these applications were not recorded. Subjects were
young, healthy adults, treated at multiple academic clinical centers and in community
practices across the country, a reasonable representation of the majority of patients
undergoing third molar removal with contemporary surgical techniques. However, study
subjects were not representative of the US population, nor were subjects studied
concurrently. The data may not be applicable to older patients having third molar surgery.
All surgery was performed by trained oral and maxillofacial surgeons with techniques
commonly used in the United States. Outcomes may differ if surgery was performed by
clinicians without extensive surgical training. The study did not control for clinicians’ use of
corticosteroids in patients at surgery; corticosteroids have been shown to decrease
postoperative pain.29,30 Although none of the cryotherapy subjects received corticosteroids,
data on corticosteroid use were not available for the minocycline subjects. Most subjects
used pain medications for PSD 1 to 3, usually an opioid or an NSAID, but total dosages
among the study groups were not recorded.4 Outcomes were not adjusted for tobacco use;
tobacco use postoperatively has been shown to increase postoperative pain.31 Despite the
limitations, the data do suggest a possible beneficial impact of cryotherapy or topical
minocycline, moderating postoperative pain in the first few days after third molar surgery.
The topic should be studied further in a multicenter, prospective, randomized trial.
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FIGURE 1.
Percent of subjects who reported worst pain on Likert-type scales as little (1–2), moderate
(3–5), or severe (6–7) for PSD 1 to 3 for cryotherapy group (CD) (n = 51), topical
minocycline group (MX) (n = 63), and comparison group (C) (n = 92) (N = 206). It should
be noted that the small number of subjects who reported the highest pain scores precluded
adequate multivariate statistical analyses.
Gelesko et al. Cryotherapy/Minocycline for Pain Control. J Oral Maxillofac Surg 2011.
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FIGURE 2.
Percent of subjects who reported average pain on Likert-type scales as little (1–2), moderate
(3–5), or severe (6–7) for PSD 1 to 3 for cryotherapy group (CD) (n = 51), topical
minocycline group (MX) (n = 63), and comparison group (C) (n = 92) (N = 206). It should
be noted that the small number of subjects who reported the highest pain scores precluded
adequate multivariate statistical analyses.
Gelesko et al. Cryotherapy/Minocycline for Pain Control. J Oral Maxillofac Surg 2011.
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Table 1

Characteristics of Cryotherapy Subjects, Topical Minocycline Subjects, and Comparison Subjects (N = 206)

Cryotherapy Subjects
(n = 51)

Minocycline Subjects
(n = 63)

Comparison Subjects
(n = 92) P Value

Gender [n (%)] .25

   M 27 (47) 25 (40) 36 (39)

   F 24 (53) 38 (60) 56 (61)

Race [n (%)]* .70

   White 38 (75) 55 (87) 71 (79)

   African American   4 (8)   2 (3) 10 (11)

   Other   9 (17)   6 (10)   9 (10)

Bone removal from both mandibular third molars [n

(%)]†
33 (65) 42 (62) 76 (83) .08

Mandibular occlusal plane position [n (%)] .04

   Third molars at plane 28 (62) 22 (37) 39 (52)

   Third molars below plane 17 (38) 37 (63) 36 (48)

Age at surgery [median (IQR)] (yr) 21 (19–24) 21 (19–23) 20 (18–24) .15

Total surgery time [median (IQR)] (min) 25 (20–40) 27 (20–40) 25 (18–30) .03

Surgeon’s assessment of degree of difficulty (4–28
possible) [median (IQR)]

14 (11–17) 14 (10–18) 12 (9–16) .09

NOTE. Cryotherapy subjects were included from 2005 to 2009 from 1 academic center. Topical minocycline subjects were included from 2003 to
2004 from 2 academic centers and 2 community practices. Comparison subjects were included from 2002 to 2006 from 3 academic centers and 2
community practices. Differences between comparison and treatment groups for demographic characteristics and extensiveness of surgery were

assessed with χ2 or Cochran-Mantel-Haenszel row mean score tests. The level of significance was set at P < .05.

Abbreviation: IQR, interquartile range.

*
Missing 2 subjects in comparison group.

†
Missing 5 subjects in minocycline group.

Gelesko et al. Cryotherapy/Minocycline for Pain Control. J Oral Maxillofac Surg 2011.
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