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Objective: The purpose of this study was to determine the effect of 2 concentrations of
topical, comfrey-based botanical creams containing a blend of tannic acid and eucalyptus to a
eucalyptus reference cream on pain, stiffness, and physical functioning in those with primary
osteoarthritis of the knee.
Methods: Forty-three male and female subjects (45-83 years old) with diagnosed primary
osteoarthritis of the knee who met the inclusion criteria were entered into the study. The subjects
were randomly assigned to 1 of 3 treatment groups: 10% or 20% comfrey root extract
(Symphytum officinale L.) or a placebo cream. Outcomes of pain, stiffness, and functioning were
done on the Western Ontario and MacMaster Universities Osteoarthritis Index. Participants
applied the cream 3× a day for 6 weeks and were evaluated every 2 weeks during the treatment.
Results: Repeated-measures analyses of variance yielded significant differences in all of theWestern
Ontario and MacMaster Universities Osteoarthritis Index categories (painP b .01, stiffnessP b .01,
daily functionPb .01), confirming that the 10%and 20%comfrey-based creamswere superior to the
reference cream. The active groups each had 2 participants who had temporary and minor adverse
reactions of skin rash and itching, which were rapidly resolved by modifying applications.
Conclusion: Both active topical comfrey formulations were effective in relieving pain and stiffness
and in improving physical functioning and were superior to placebo in those with primary
osteoarthritis of the knee without serious adverse effects.
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Introduction

More than 21% of US adults (46.4 million persons)
are affected by arthritis,1 and nearly 27 million of those
have clinical osteoarthritis (OA).2 Osteoarthritis is the
most common form of arthritis and is a major cause of
disability and suffering, particularly in the aging
population. Early 20th century pathologists and
radiologists observed osteophytes within articulations
and referred to the abnormality of the joint as OA.3

Osteoarthritis is now thought to be a collection of
similar diseases affecting the joints rather than a single
disease.4 The disease most frequently affects the knee
and hand5 and is the primary reason for joint
replacement surgery.6 It is estimated that, by age 65
years, 80% of the population will have detectable
radiographic changes typical of OA and 60% of those
with detectable radiographic changes will have pain,
whereas 15% to 30% will have mobility problems.7

The most common clinical features of OA include
pain, stiffness, swelling, and inflammation. Other signs
of OA include crepitus, bony enlargement, deformity,
instability, restricted movement, warmth, effusion,
synovial thickening, and muscle weakness or wasting.4

Risk factors for OA include advancing age, repetitive
motion, family history, obesity, and injury.8 As no cure
is currently available for OA, treatment focuses on
reducing symptoms. Such treatment includes exercise
or orthoses and usually involves analgesic or nonste-
roidal anti-inflammatory drugs (NSAIDs). Unfortu-
nately, other than analgesic therapy, most physicians
believe that little can be done for the disease. Corrective
surgery, which does not include joint replacement, can
cost between $8000 and $20 000; and surgery that
includes joint replacement can cost as much as $70 000.
Those who do not elect to have surgery will have to
contend with the continuing cost of pain relief and anti-
inflammatory medication. The mean US medical care
expenditures for adults with arthritis and other
rheumatic conditions in 2003 was $6978, and the
total cost was $321.8 billion.9 As the rate of OA is
predicted to increase because of the aging baby
boomers and extended life expectancy, the number of
people suffering adverse effects from analgesic and
NSAID use such as kidney and liver disease and ulcers
will increase. With the current frequency and severity
of adverse effects from analgesics and NSAIDs,
suggestions for less toxic treatments of OA are
warranted.4,10 Indeed, some of the most prescribed
drugs for arthritis have been withdrawn from public
consumption by pharmaceutical companies because of
severe adverse effects. For example, some COX-2
inhibitors were found to increase edema and blood
pressure, thus increasing the risk for stroke and other
cardiovascular events.

Natural remedies may reduce dependency on
NSAIDs and analgesics and could have an important
role in the treatment of OA even if they were only
moderately effective.11 For instance, natural agents,
such as capsaicin, has been shown to provide relief
for OA.12 Earlier clinical studies also suggest that
OA improves following consumption of selected
vitamins10 and glucosamine/chondroitin.13 However,
a recent meta-analysis suggests that glucosamine/
chondroitin intervention for treatment of OA of the
knee has not been conclusive.14

Comfrey (Symphytum officinale L.), also known as
knit bone, has long been advocated in folk medicine
for the treatment of wounds, sores, sprains, and bone
fractures. In Germany, comfrey has been used in
medicine since 1920 for the treatment of musculoskel-
etal conditions.15 It has been suggested that the efficacy
of comfrey is primarily due to its anti-inflammatory,
analgesic, granulating promoting, and antiexudative
properties.16,17 Comfrey pharmacological components
include rosmarinic acid and tannin. Rosmarinic acid is
a natural polyphenol antioxidant, and both rosmarinic
acid and tannin are considered anti-inflammatory
agents. Because of the alkaloid component of comfrey,
the safest mode of delivery is by applying a comfrey
cream to the skin. The skin is the largest organ in the
body, is easily accessible, and allows prolonged periods
of applications of formulations for transdermal absorp-
tion, making it the likely target for drug delivery
techniques. One study comparing a 10% comfrey
cream and a 1% reference cream found that those
applying the 10% cream for 2 to 3 days showed
clinically significant faster reduction of wound size
over the reference cream.18 Kuceara et al19 found that a
concentration of 10% comfrey cream significantly
improved back pain on activity, at rest, and during
palpation over a 1% reference cream and concluded
that the results confirmed known anti-inflammatory
and analgesic effects of topical comfrey. More recently,
clinical studies have shown comfrey to be therapeuti-
cally beneficial for neuromuscular conditions. For
instance, Bleakley et al20 concluded that comfrey root
cream decreases pain and improves function in acute
ankle sprains. Similarly, another study15 concluded that
a cream of comfrey root extract, when administered on
acute ankle sprains, was clearly superior (P b .0001) to
a placebo in the reduction of pain of edema and in the
increase in mobility. In addition, the authors found no
adverse effect in the use of the comfrey cream. In
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comparing an NSAID gel with a comfrey extract cream,
2 separate studies found that the comfrey cream was
superior in reducing edema and pain and in improving
movement to the NSAID cream.21,22 Again, no adverse
effects were reported in either study. In reference to
bone, when comfrey was administered orally, radio-
graphic bone density has been shown to increase
around titanium implants.23 Specific to OA, a study
involving 220 patients with diagnosed knee OA for an
average of 6.5 years, the patients were treated with
daily applications of comfrey cream or a placebo. The
results yielded significant reduction in pain and
increases in mobility and quality of life in the
comfrey cream users when compared with the placebo
users.24 The authors concluded that comfrey root
extract cream was “well suited for treatment of OA of
the knee.” In another study using a 2-week observa-
tional period, patients receive 1 to 3 comfrey
treatments per day. More than 66% of the patients
were able to reduce or even discontinue their intake of
NSAIDs and other specific concomitant medication
with the comfrey treatment.25

Evidence links oxygen free radicals to tissue
damage in virtually all diseases, particularly chronic
inflammatory diseases such as OA; and they serve as
signaling messengers in the development of inflam-
mation and osteoclastogenesis common in the
pathogenesis of arthritis.26-28 Antioxidants provide
protection against the damaging effects of oxygen
free radicals. Regan et al27 compared injured knees
with OA knees and found significantly less antioxi-
dants in OA joint fluid, thereby concluding that the
decline in antioxidants in the joint fluid accelerates
the damaging oxidant effect on extracellular matrix in
the cartilage. Based on the detrimental effects of
oxidative free radicals, it has been suggested that
substances high in antioxidants can reduce or eliminate
tissue damage present in arthritis29 and have a
therapeutic effect on collagen-induced arthritis.30

Tannic acid (TA), an antioxidant, contains anti-
mutagenic and anticarcinogenic properties that exhibit
oxygen free radical trapping activity. Levanon and
Stein31 suggested that the ability of TA to augment
glycosaminoglycan binding to collagen most possibly
contributes to the structural reinforcement of synovial
articulating surfaces. One study confirmed that the
anti-inflammatory and antinociceptive properties of
Satureja khuzistanica (Lamiaceae), a native medicinal
plant of Iran, were comparable to those of indometh-
acin and morphine and suggested that tannin might be
responsible for the anti-inflammatory and antinoci-
ceptive activities.32 Furthermore, phlorotannin-rich
extracts have shown significant antioxidant radical
scavenging activity, showing strong OA therapeutic
benefits through in vitro experiments.33

The purpose of the present study was to compare the
effectiveness of 2 concentrations (10% and 20%) of a
unique blend of comfrey root extract (S officinale L.),
TA, and eucalyptus to a reference cream containing
eucalyptus only on primary knee OA pain, stiffness,
and physical functioning. To our knowledge, the
combination of comfrey and TA in the treatment of
OA is unique and has yet to be investigated. Similar
previous studies have used reference creams in
pseudoplacebo comparisons.18,19 For the present
study, the placebo/reference cream was eucalyptus
oil, which has been shown to be absorbed readily
through the skin.34

Eucalyptus oil contains α-pinene and 1,8-cineole
and demonstrates strong radical scavenging activity as
an antioxidant.35
Methods

Subjects

The study was a multicenter, randomized, double-
blind, placebo-controlled clinical trial approved by
the Oklahoma State University Institutional Review
Board. Participants were recruited through newspaper
advertisements and from the patient base of the
chiropractic practices involved in the study and gave
consent to participate. Based on the recommendations
by Altman,36 subjects had to meet the following
specific criteria to be eligible for participation in
the study:

• Had primary, symptomatic, unilateral, or bilateral
knee OA. If the patient had bilateral knee OA, the
most painful knee was used for the study.

• Had met the criteria for knee OA of the American
College of Rheumatology37

1. Moderate/medium degree of pain in the knee for
most days of the previous month

2. Four of the following additional criteria:
• Age more than 25 years
• Morning stiffness for less than 30 minutes
• Crepitus on active or passive movement of
the knee

• Tenderness on pressure of the periarticular
tissue or muscular insertions of the knee at the
admission examination

• No palpable warmth of the knee
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• Had at least a 3-month history of knee OA
• Had taken medication for pain control for at least
1 month

• Had moderate to severe pain of at least 4 on a 0 to 10
numerical rating scale

• Participants had to agree to not take any pain
medication for knee pain during the treatment phase
of the study.

Subjects with the following were not eligible for
participation in the study:

• Any known or suspected allergies or sensitivities to
the ingredients in the test formulations

• In the clinician's opinion, be considered an inap-
propriate candidate for the study because of
concomitant medical or psychiatric conditions

• Secondary forms of OA as well as primary inflam-
matory joint diseases such as rheumatoid arthritis
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(n = 43)
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Assessed for eligibility
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Allocated to 10%
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Fig 1. Flow of participan
• Administration of intraarticular drugs or “chondro-
protective” agents within the prior 3 months

• Engaged in disability-related litigation related to
the knee

• Pain in the knee from other pathologies
• Prior knee joint replacement surgery
• Open lesions over the knee
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comfrey (S officinale L.)-based extract blended with
TA, eucalyptus oil, and other nonactive additives. The
extracting comfrey solvent was 50% ethanol and 50%
water. The 2 concentrations of the comfrey extract
(10% and 20% strength by volume) ointments were
compared with a pseudoplacebo of eucalyptus similar
in color, texture, and smell to the experimental
ointments. The ointments and placebo were applied
topically thrice daily to the knee.

Procedure

Following an oral briefing of the participants'
requirements and completion of the consent form,
subjects completed a demographic questionnaire, a
medical history questionnaire, and a Western Ontario
and MacMaster Universities (WOMAC) Osteoarthritis
Index Version VA301. Subjects were also examined
by a primary health care professional. This examina-
tion centered on the affected joint and included a
thorough assessment of the condition. Following
completion of the questionnaires and examination,
researchers determined if the volunteer met the
requirements for the study.

Randomized treatments were assigned to the
participants in strictly ascending order after enroll-
ment. Directions were given to the participants by the
researchers on the proper application of the cream
and completion of the measuring instruments. Creams
were to be applied by gentle circular motions for 3 to
5 minutes over the affected area 3×/d. The amount
used was approximately 9.5 mg/d, one third of which
was applied at each application. This dosage was
sufficient to envelop the entire knee joint with a thin
layer of cream to be massaged in. An information
sheet explaining application of the cream was given
to all participants.

Any subject taking medication for knee OA under-
went a 1-week washout period used to eliminate
possible data contamination. Fourteen of the patients
were subject to washout. Patients were also given a
form to record medication use during the study.
Following baseline assessments for pain, stiffness,
and daily function, subjects were given one of the
experimental creams or placebo with application
directions. The duration of the study was approxi-
mately 6 weeks actual treatment with clinic visits every
2 weeks, totaling 4 times over a 6-week period. During
each visit to the clinic, the subjects returned the empty
tubes, completed the WOMAC Osteoarthritis Index
Version VA3.1, and were asked about adverse events
and compliance to the regime. Furthermore, research
assistants contacted the subjects in the middle of each
week to ask about and to encourage compliance.

Outcomes

The primary outcome measure was the pain subscale
of the WOMAC Osteoarthritis Index Version VA3.1.
The WOMAC instrument is designed to measure joint
pain, stiffness, and discomfort in selected daily
activities or tasks and uses a visual analog scheme
involving a 100-mm line with polar extremes at each
end. For each item on the questionnaire, the partici-
pants place a mark along the line to indicate their
degree of pain/discomfort. Five questions are in
reference to pain, 2 in reference to stiffness, and 17
regarding daily function. The WOMAC scales have
been determined to be internally consistent with
Cronbach α coefficients of .83, .87, and .96 and with
test-retest reliability intraclass correlation coefficients
of 0.74, 0.58, and 0.92.38

Randomization

The randomization scheme was done using the Web
site Randomization.com (http://www.randomization.
com). Participants were assigned to their group a priori.
By random, double-blind design, subjects received a
6-week supply of 1 of the 3 creams. The study
creams were packaged in tubes according to the
assigned treatment and numbered consecutively.
Participants were allocated to the next consecutively
numbered tube by the clinician at each study center
who also enrolled each of the participants. The
random allocation sequence was concealed until the
end of treatment.

The participants, those administering the treatments,
and those assessing the outcomes were masked to
group assignment. Success of blinding was determined
by asking the participating clinicians if they were able
to determine group assignment. None of the clinicians
was able to delineate group assignment. As the color,
texture, and smell of the different formulations were
very similar, the participants were unable to determine
to which group they had been assigned.

Statistical analysis

One-way analyses of variance (ANOVAs) were used
to compare the groups at baseline on the demographic
variables. Repeated-measures ANOVAs were used to
determine differences in group mean values for pain,
stiffness, and function as measured by the WOMAC

http://www.randomization.com
http://www.randomization.com


Table 1 Baseline mean values and standard deviations for group characteristics

Variable (M, SD) 20% 10% Place P

Age (y) 66 (10.5) 60 (8.9) 65 (9.5) .87
BMI 28.7 (5.8) 29.3 (7.6) 31.9 (7.5) .84
Female (%) 69 75 50 .36
Pain 276.5 (91.9) 237.8 (100.7) 219.4 (108.9) .83
Stiffness 111.6 (55.7) 121.3 (44.1) 97.6 (44.9) .28
Function 1009.7 (365.3) 1002.3 (275.8) 775.6 (354.7) .64

M, Mean; BMI, body mass index.
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subscales. Newman-Keuls post hoc tests were used to
determine the specific combinations of significance.
Two-way ANOVAs were used to assess baseline group
differences in pain, stiffness, and activity. An α level
of .01 was used to determine significant difference
between groups.
Results

Of the 43 eligible subjects, 6 were lost to follow-up
because of (a) withdrawal from the study (n =2), (b)
relocation to another city (n =1), (c) or failure to
maintain compliance in application of cream (n =3),
thus leaving 37 completed data sets (Fig 1). The
characteristics of the groups at baseline are shown in
Table 1. Participants' ages ranged from 45 to 83 years,
and there was no significant difference between the
groups (P N .01). Body mass index ranged from 20.9 to
50.2, and there was no significant difference between
the groups (P N .01). Results of baseline group
comparisons of the WOMAC scales were as follows:
pain P = .83, stiffness P = .28, and activity P = .64,
thus indicating initial statistical differences among
the groups.
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Fig 2. Pre and post WOMAC score mean values for pain
by group.
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Fig 3. Pre and post WOMAC score mean values for
stiffness by group.
On the primary outcome of change in the WOMAC
pain subscale, the 10% formula demonstrated a 50.3%
change, the 20% formula a 52.1% change, and the
placebo a 24.3% change (Fig 2) from pretest to 6-week
end point. A repeated-measures ANOVA and subse-
quent Newman-Keuls post hoc analysis resulted in a
significant (P b .01) difference between pretest and all
of the 2-week mean values for both the 10% and 20%
creams and a significant (P b .01) change from the
second week to the sixth week and from the fourth
week to the sixth week for the 10% concentration.
Although the placebo registered an improvement in
pain, the level of improvement was not statistically
significance (P N .01).

On the secondary outcome of change in the
WOMAC stiffness score, the 10% and 20% formulae
yielded a 44.1% and 56.9% change, respectively,
whereas the placebo registered a change of 24.1%
(Fig 3), from pretest to 6-week end point. The
repeated-measures ANOVA and subsequent New-
man-Keuls post hoc test resulted in a significant
difference between pretest and all of the 2-week mean
values for both the 10% formula and the 20%
formula. The placebo yielded an improvement in
stiffness, but the level of improvement was not
statistically significance (P N .01).
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On the WOMAC function subscale, the 10%
formula resulted in a 52.1% change, the 20% formula
a 53.9% change, and the placebo a 22.9% change
(Fig 4) from pretest to 6-week end point. The repeated-
measures ANOVA and subsequent Newman-Keuls
post hoc test resulted in a significant difference
between pretest and all of the 2-week mean values for
the 20% formula. The 10% formula demonstrated
significant improvements between baseline and weeks
4 and 6, but not for week 2. The placebo yielded an
improvement in stiffness, but the level of improvement
failed to reach significance (P N .01).

Both the 10% and 20% formulae were significantly
superior to placebo in reducing pain and stiffness and
improving daily activities in those with primary OA of
the knee. The 20% formula produced a slightly greater
reduction in pain and stiffness and a slight improve-
ment in function than the 10% formula; however,
differences were not significant. There were no
important adverse effects reported by any participant
in any group. Of minor consequences, 2 subjects in
both the 10% and 20% formula groups and none of the
participants in the placebo group developed adverse
effects. The minor and temporary adverse effects
consisted of itching and rash of the skin in the area that
the cream was applied; however, the effects resolved
rapidly before the end of treatment. No participant
withdrew from the study because of adverse effects.
Discussion

In addition to synthetic drug therapies, natural
herbal and botanical agents have been investigated as
an alternative treatment of OA. Botanicals such as
stinging nettle,39 devil's claw, turmeric, and ginger40
have yielded positive results, whereas avocado
soybean fraction, rose hip, and seed powder showed
moderate positive results and Boswellia serrata gum
resin registered poor outcomes.41 Previous studies
using comfrey have all suggested that the herb is
effective in treating edema15,22 and pain associated
with OA. Previous studies have found a 46%42,43 and a
54.7%24 reduction in OA knee pain following a
regimen of comfrey cream use compared with a 10.7%
improvement in a placebo group.24 For the present
study, the 10% and 20% creams reduced pain by
50.3% and 52.1% and stiffness by 44.1% and 56.9%,
and improved function by 49.5% and 55.3%, respec-
tively. The placebo yielded reductions of only 19.6%
for pain and 22.1% for stiffness, and improvement of
16.3% for function. The initial positive placebo
responses began to level off and/or deteriorate over
time, whereas the 10% and 20% formulae continued to
produce positive results. Initial pain improvement and
subsequent leveling off were also observed in 2 similar
comfrey extract studies.15,21 Indeed, the placebo effect
in pain studies can be significant and has been labeled
a nuisance.44 For example, one study found a 49%
placebo improvement in back pain,45 whereas another
found a 57% improvement in bone metastasis pain46,
prompting some to suggest that a placebo is effective
in treating symptoms of OA.47,48 However, placebo
results tend to be unsustainable, unpredictable, and
ephemeral depending on the situation. In determining
the minimal clinically important improvement of pain
and function in patients with knee OA, Tubach et al
suggested minimal clinically important improvement
for absolute changes to be −19.9 mm (−40.8%) for
pain and −9.1 (−26.0%) for the WOMAC function
subscale score.49

Studies using comfrey have reported reductions in
joint pain after 7 days24 and 12 days42,43 and reductions
in ankle pain and swelling in as little as 4 days.15 Initial
improvements (observation in the first 2 weeks) in the
current study demonstrated pain improvement by
30.9% for the 10% cream, 31.3% for the 20% cream,
and 19.6% for the placebo; stiffness improvement for
the 10% and 20% comfrey cream and placebo by
19.6%, 46.8%, and 22.1%, respectively; and function
improvement of 20.5% (10% cream), 45.5% (20%
cream), and16.3% (placebo).

With the efficacy in the topical formulae used in the
current study and with less adverse effects than have
been found with NSAIDs,50 the results of the current
study are encouraging and warrant a closer look at the
safe and effective means for treating the discomfort of
OA via topical botanical agents. In conclusion, the 10%
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and 20% formulae were both effective in relieving pain
and stiffness and improving daily function within the
first 2 weeks of treatment; and improvement continued
at each 2-week assessment period for the duration of
the study. For the 3 variables addressed, the placebo
yielded initial positive, but nonsignificant, responses.

Limitations

It warrants mentioning that factors that influence drug
absorption via transdermal delivery across the skin
include differences in skin characteristics on different
parts of the body,51 age, sex, body composition, and
blood supply.52

As is the case with most pilot studies, small samples
reduce the statistical power of the data. Further studies
with larger sample sizes; with longer observations
periods; and with age, sex, and body composition
comparisons are encouraged. Another recommendation
for further study of the efficacy of this botanical agent
is to strictly screen patients on the severity of ailment.
For instance, include only those who score in the 50th
percentile on each of the WOMAC subscale items. The
50th percentile using the VAS method includes only
those scoring 50 or more in each category. It is
unrealistic to believe that those with pain and stiffness
below this level will reflect a noteworthy change
because the room for change is minimal.
Conclusion

Both active topical comfrey formulations were
effective in relieving pain and stiffness and in
improving physical functioning and were superior to
placebo in those with primary OA of the knee without
serious adverse effects.
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