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Background and purpose   Symptomatic treatment 
of osteoarthritis of the knee with leeches is presently 
undergoing a renaissance. Previous studies have shown 
methodical weaknesses. In the present study patients 
were blinded regarding the treatment, and a control 
group was included to explore possible differences in 
various subjective clinical scores and intake of pain 
medication over time between leech therapy and pla-
cebo control.

Patients and methods   113 patients with advanced 
osteoarthritis of the knee were included. The patients 
were randomized to a single treatment group, group I 
(single leech application, n = 38), a double treatment 
group, group II (double application, n = 35), and a con-
trol group (n = 40). The second treatment in group II 
took place after an interval of 4 weeks. The treatment 
in the control group was simulated with the help of an 
“artificial leech”. Results were documented with the 
KOOS and WOMAC scores and also a visual analog 
scale (VAS) for pain. Changes in the use of pain medica-
tion were monitored over 26 weeks.

Results   An improvement in KOOS and WOMAC 
scores, and also in VAS, was found in all 3 groups fol-
lowing treatment. These improvements were statisti-
cally significant for treatment groups I and II during the 
complete follow-up period. The reduction in individual 
requirements for pain medication was also statistically 
significant. The greatest improvement was seen in the 
group treated twice with the leeches, with a long-term 
reduction of joint stiffness and improved function in the 
activities of daily living.

Interpretation   Leech therapy can reduce symptoms 
caused by osteoarthritis. Repeated use of the leeches 
appears to improve the long-term results. We have not 
determined whether the positive outcome of the leech 
therapy is caused by active substances released during 
the leeching, the placebo effect, or the high expectations 
placed on this unusual treatment form.   

■

The use of leeches (Hirudo medicinalis) has been 
popular throughout the ages, and still has a place 
in modern medicine—especially in reconstructive 
and microvascular surgery (Hayden et al. 1988, 
Dabb et al. 1992, Weinfeld et al. 2000, Rao and 
Whitaker 2003, Whitaker et al. 2004a, b, Hyson 
2005). The commonly used treatment for pain 
associated with osteoarthritis—non-steroidal anti-
inflammatory drugs (NSAIDs)—is frequently 
associated with undesirable side effects; thus, in 
the search for alternative forms of treatment, leech-
ing has received renewed interest (Hernandez-Diaz 
and Garcia-Rodriguez 2001, Pilcher 2004, Her-
nandez-Diaz et al. 2006). Michalsen and his group 
(2002) have investigated the use of this traditional 
approach for the treatment of knee osteoarthritis in 
a clinical setting and compared its effectiveness to 
that of conventional therapy. The study was quoted 
in Nature in 2004 (Pilcher 2004). In a controlled 
non-randomized study from 2002, 16 patients were 
either treated with leeches or with a conventional 
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protocol consisting of physiotherapy and health 
education (Michalsen et al. 2002). The treatment 
group (n = 10) with periarticular leech application 
showed a reduction of symptoms compared to the 
control group (n = 6). This encouraged the group to 
carry out a controlled randomized study involving 
51 patients, who were evaluated over a 12-week 
period (Michalsen et al. 2003). The control group 
(n = 27) applied diclofenac gel twice daily to the 
affected knee over a 28-day period. By WOMAC 
score, there was significant reduction in pain and 
stiffness, and also improvement in function, in the 
leech group compared to the controls. The authors 
concluded that the traditional leech therapy rep-
resents an effective symptomatic treatment for 
osteoarthritis of the knee, while pointing out the 
preliminary character of their pilot study.

All previous studies and the authors’ interpreta-
tions of the results must be reviewed critically. Val-
idation of results is only possible if randomization 
and blinding of the patients has been undertaken 
(Guyatt et al. 1993, Hochberg 2003). In both of 
the reports cited, the patients were either allowed 
to choose their treatment form or were informed 
about the procedure they were to undergo. This can 
lead to bias of both the patient and the examiner. 
The influence of a placebo effect due to the lack 
of blinding causes further problems in the inter-

pretation of results. As Wolfe and Lane (2002) and 
Hochberg (2003) have pointed out, a 7-day interval 
of pain reduction is a very short period compared 
to the time involved in the onset of osteoarthritis. 
The guidelines of the Osteoarthritis Research Soci-
ety International (OARSI) recommend longer time 
frames (Altman et al. 1996, Hochberg et al. 1997).

Previous studies have not addressed the question 
of whether repeated leeching can supply symp-
tomatic relief of osteoarthritic pain for extended 
periods of time. We present a randomized study 
designed to investigate possible differences in 
various clinical parameters of single and repeated 
leech therapy in cases with advanced osteoarthritis 
of the knee, using 2 large groups of patients and a 
control group of comparable size. All patients were 
blinded regarding treatment modality.

Patients and methods

Selection of patients and study design

This study was carried out at the Department of 
Orthopaedics of the University Hospital in Aachen, 
Germany in accordance with the Declaration of 
Helsinki, from February to December 2004. After 
permission was granted by the ethics board (EK 
102/03), patients were recruited using the local 
daily newspapers. Screening was first carried out 
by telephone, based on the inclusion and exclu-
sion criteria (Table 1). The patients included in 
the preliminary protocol underwent AP and lat-
eral radiographs of the affected knee to verify the 
osteoarthritis. Once an outline of the study had been 
prepared and informed consent had been obtained, 
the patients who qualified for the study were ran-
domized into a treatment (i.e. leech therapy) group 
(T) and a control group (C) using a 2-stage strati-
fied randomization procedure.

Randomization

In the first step, patients were assigned randomly 
to either the T group of the C group based on a 
2:1 randomization scheme. Twice as many patients 
were allocated to the T group than to the C group, 
as the treatment group was to be divided further in 
the second stage of the randomization procedure.

In the second step, all patients randomized to 
T group were further separated into groups with 

Table 1. Inclusion and exclusion criteria

Inclusion criteria

Osteoarthritis of the knee
Persistent osteoarthritic symptoms for at least 6 months
Radiographic evidence of late-stage osteoarthritis of the 

knee (Kellgren/Lawrence stage III–IV)
History of nonoperative treatment including pain medica-

tion and physiotherapy

Exclusion criteria

Anticoagulant treatment or hemophilia
Rheumatic diseases leading to secondary osteoarthritis
Hematological, hepatological, renal, or immunological 

disease
Insulin-dependent diabetes mellitus
Intraarticular injections or systemic application of cortico-

steroids during the previous 3 months
Surgery of the affected knee during the previous 3 

months, or joint replacement
Previous leech therapy
Lack of informed consent
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single (T1) or double (T2) application of the leech 
therapy, depending on the baseline values of their 
KOOS score. Patients with a KOOS baseline score 
above the median KOOS baseline score were allo-
cated to T1, and all remaining patients of the treat-
ment group were allocated to T2. For details of the 
randomization process, see Supplementary Data.

Patients

After initial telephone screening, 202 patients were 
invited to further evaluation. A total of 118 patients 
fulfilled the inclusion criteria. The randomization 
protocol allocated 77 patients to the treatment 
groups, while 41 served as controls. The stratifica-
tion of the leech therapy group led to placement of 
39 patients in T1, while 38 underwent 2 separate 
leech treatments (T2). 5 patients in total were not 
available for further examination after the initial 
treatment (C: n = 1; T1: n = 1; T2: n = 3) and they 
were therefore excluded from the evaluation. The 
data from the remaining 113 patients (C: n = 40; 
T1: n = 38; T2: n = 35) were analysed. For demo-
graphic data for the whole population, see Table 2.

Treatment protocol

All patients were informed explicitly during the 
consent procedure that for both the single and 
double application, randomization between the 
leeching and the placebo treatment would take 
place without their knowledge. Their view of the 
treated knee was obstructed with a blind before 
the treatment. The skin at the treatment site was 
cleaned with NaCl solution prior to the application 
of 4 leeches (Animalpharma GmbH, Weismain, 
Germany). 2 leeches were placed proximal to the 
patella and 1 each at the medial and lateral joint 
line, while the knee was placed comfortably in 
extension. The leeches were not removed by the 
examiner but remained in place until the leeching 
ended spontaneously after 50–60 min. A compres-
sive dressing was applied for 24 h and the patients 
were requested to restrict their activity for 12 h. 
The second leeching of part of the study popula-
tion (T2) was performed in an identical manner 4 
weeks later.

Preparation and positioning of the patients in the 
control group was carried out as described above. 
The bite of the leech was simulated with a needle 
prick at the predetermined sites. To obtain a real-

istic effect in the region of skin contact, wet gauze 
was formed to resemble the size and form of a 
leech and placed at the site. After a “treatment” of 
50–60 min, the “artificial leech” was removed and 
the protocol of the treatment groups was followed.

Evaluation

Follow-up evaluations were performed after 1, 4, 
and 6 weeks, and also after 3 and 6 months. Fur-
ther visits were possible if problems arose. At the 
beginning of the study and at all follow-up exami-
nations, patients answered questionnaires for the 
determination of KOOS and WOMAC. The ques-
tionnaires also included VAS and documentation 
of the intake of pain medication. As part of the 
follow-up visits, a clinical examination of the knee 
was carried out and the histories were updated.

Statistics

Adverse events and reactions were documented 
and presented in terms of absolute and relative 
frequencies. For all patients in the study groups, 
demographic data of categorical variables were 
summarized with absolute and corresponding rela-
tive frequencies, while arithmetic mean and corre-
sponding standard deviation were used for contin-
uous variables. For the three scores KOOS (Roos 
et al. 1998), WOMAC (Bellamy et al. 1988, Roos 
et al. 1999), and VAS (0 representing no pain and 
10 the worst possible pain), and also for pain medi-
cation, data collected in the three study groups (C, 
T1, and T2) were condensed as median (m), lower 
quartile (25% quantile, Q25), and upper quartile 
(75% quartile, Q75)  at 6 different time points (at 
the start of therapy, after 1, 4, and 6 weeks, and 
after 3 and 6 months). For the pain medication 
requirement, the baseline value of a patient was 
set to 100%. For the 5 time points after therapy, 

Table 2. Patient demographics

 T group C group Total

No. of patients 73 40 113
Male (%) 44 26   70 (62)
Age, years (SD) 68 (10) 64 (9)   67 (10)
BMI (SD) 29 (4.8) 27 (3.8)   28 (4.5)
Weight, kg (SD) 83 (15) 79 (13)   81 (14)
Duration of osteo-
arthritis, years (SD) 8.3 (6.8) 7.1 (6.5)  7.9 (6.7)
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the corresponding relative changes (in per cent) in 
comparison to the baseline value were calculated.

To allow better comparison of the 3 study groups, 
for each patient we calculated differences in the 
observed values of the 3 cumulative scores (KOOS, 
WOMAC, VAS) and subscores at the 5 time points 
after therapy relative to the corresponding baseline 
values. Once again, these differences were sum-
marized as median, lower and upper quartile, sepa-
rately for all groups.

Within each of the 3 groups, paired Wilcoxon 
tests were conducted in order to investigate 
whether the 3 total scores, the subscores, and 
also the requirement for pain medication at the 
5 time points after therapy had changed statisti-
cally significantly as compared to the correspond-
ing baseline values. Finally, the computed differ-
ences (different time points after therapy vs. start 
of therapy) were compared between the 3 study 
groups in pairwise fashion by means of unpaired 
Wilcoxon tests.

The global significance level for all statistical test 
procedures conducted was chosen to be α = 5%. As 
this was an explorative study, no α-adjustment for 
multiple testing was carried out. Thus, p-values of 
p ≤ 0.05 could be interpreted as being indicative of 
statistically significant test results with respect to 
the study cohort investigated.

All statistical analyses were conducted using the 
statistical analysis software system R (www.R.-
project.org).

The data regarding median scores and quartiles 
at follow-up visits are not presented here, but are 
available in Supplementary data.

Results

The patients who underwent the leech therapy 
either once or twice showed a significant improve-
ment compared to the baseline values in both the 
KOOS and WOMAC cumulative scores at all 
follow-up examinations (except for “Stiffness” in 
group T1 after 1 and 6 weeks). The control popula-
tion also had a significantly improved KOOS score 
at all follow-up occasions, while the WOMAC 
cumulative score showed significant improvement 
over time except at the 1-week and 6-month follow-
up examinations. Subjective pain intensity (VAS) 
became significantly reduced during the whole 
observation period in all groups. A statistically 
significant reduction in pain medication require-
ment compared to the baseline values was seen 
in the 2 groups that underwent leech treatment, at 
all follow-up visits. Consumption of medication 
remained unaltered in the control group (Table 3). 
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The Figure shows changes over time (medians and 
quartiles) for the cumulative KOOS score of the 
individual groups.

The cumulative KOOS score of T2 was signifi-
cantly improved throughout the observation period 
as compared to the controls. No significant differ-
ences between T1 and C were documented during 
the study. With the exception of the 4-week follow-
up, at all other examinations comparison of T2 with 
T1 showed a significant improvement associated 
with the second leeching (Table 4).

The cumulative WOMAC score was signifi-
cantly improved for the T2 population compared 
to the controls over the whole observation period. 
The T1 score was also significantly better than that 
of the controls up to the sixth week after the leech 
treatment. Later than that, no significant differ-
ences were found.

After single and double leech therapy, perceived 
pain—as documented in the KOOS and WOMAC 
pain scores—was significantly improved com-

pared to the control group throughout the 6 months 
of follow-up. There was no apparent difference 
between T1 and T2. By VAS, continuous reduc-
tion of pain was measured at a statistically signifi-
cant level for T2 patients through the study period. 
Improvement in pain for T1 was only significant 
after 6 weeks compared to the control group.

Joint stiffness, documented as part of the 
WOMAC score, showed a statistically signifi-
cant improvement for the T2 group compared to 
the C group—and also, with the exception of the 
4-week follow-up examination, in comparison 
to the T1 group. There was no significant differ-
ence between the T1 and C groups in this regard. 
Function (WOMAC) and ADLs (KOOS) were sig-
nificantly improved for patients in the T2 group in 
all evaluation periods as compared to the control 
group. No other statistically significant parameters 
or differences were found.

The other parameters recorded in the KOOS 
score (not presented) showed statistically sig-

Table 3. Changes over time of p-values determined with the paired Wilcoxon test for the individual populations 

Group 1 week vs. Bl. 4 weeks vs. Bl. 6 weeks vs. Bl. 3 months vs. Bl. 6 months vs. BI. Score used 

T1 < 0.001 < 0.001 0.003 < 0.001 0.02 Cumulative KOOS 
 < 0.001 < 0.001 0.001 < 0.001 0.003 Cumulative WOMAC
 < 0.001 < 0.001 0.002 0.002 0.006 VAS
 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 Pain (WOMAC)
 0.12 0.01 0.05 0.02 0.03 Stiffness (WOMAC)
 < 0.001 < 0.001 0.005 0.004 0.02 Function (WOMAC
 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 Pain (KOOS)
 < 0.001 < 0.001 0.005 0.001 0.02 ADL (KOOS)
 0.008 0.002 0.002 0.001 0.001 RPM

T2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 Cumulative KOOS 
 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 Cumulative WOMAC
 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 VAS
 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 Pain (WOMAC)
 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 Stiffness (WOMAC)
 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 Function (WOMAC)
 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 Pain (KOOS)
 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 ADL (KOOS)
 < 0.001 < 0.001 < 0.001 0.003 0.04 RPM

C 0.02 0.003 < 0.001 0.002 0.05 CumulativeKOOS
 0.13 0.03 0.01 0.05 0.1 Cumulative WOMAC
 0.02 < 0.001 < 0.001 0.004 0.01 VAS
 0.13 0.008 0.01 0.01 0.2 Pain (WOMAC)
 0.95 0.6 0.6 0.9 1.0 Stiffness (WOMAC)
 0.11 0.009 0.003 0.03 0.03 Function (WOMAC)
 0.03 0.02 0.002 0.009 0.2 Pain (KOOS)
 0.11 0.008 0.003 0.03 0.02 ADL (KOOS)
 1.0 1.0 1.0 1.0 1.0 RPM

Bl. = baseline
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nificant differences between T2 and C until the 
end of the 6-week evaluation period. No other 
significant differences were found. The evalua-
tion showed statistically significant reductions in 
intake of pain medication for the treatment groups 
but not for the control group throughout the study 
period.

At the end of the study, all participants were 
asked about the kind of treatment they thought 
they had received. 17/40 patients in the control 
group were convinced that they had received the 
placebo leeching. The corresponding numbers for 
T1 and T2 were 2/38 and 1/35, respectively. 8 con-
trol patients thought that they had been treated with 
leeches. The corresponding figures for T1 and T2 
were 23/38 and 28/35, respectively. The remaining 
15 patients in the control group were unsure about 
the form of treatment. The corresponding figures 
for T1 and T2 were 13/38 and 6/35.

Adverse effects

The leech therapy did not lead to any adverse 
effects or local complications in 34 patients. The 
remaining cases (n = 39) developed a local irrita-
tion at the site of application, with moderate itch-
ing. These symptoms had receded in all individuals 
by the follow-up evaluation at 4 weeks, and healed 
completely in all cases. Bleeding from the site of 
application was seen in 2 patients and was easily 
managed with compressive dressings. No other 
complications or infections were noted. There were 
no local complications after artificial leeching.

Discussion

Blinding of the patients as to the actual form of 
treatment in our study was an attempt to compen-
sate for placebo effects. We found an improve-
ment in knee symptoms following the single or 

Table 4. Evaluation of the differences obtained for various parameters over time, expressed as p-values, determined 
with the unpaired Wilcoxon-test for comparison of the individual populations

Group 1 week vs. Bl. 4 weeks vs. Bl. 6 weeks vs. Bl. 3 months vs. Bl. 6 months vs. BI. Score used

T1 vs. C 0.2 0.16 0.23 0.5 0.65 Cumulative KOOS 
 0.04 0.02 0.03 0.2 0.20 Cumulative WOMAC 
 0.06 0.07 0.01 0.07 0.35 VAS
 0.02 0.002 0.002 0.02 0.007 Pain (WOMAC)
 0.3 0.3 0.3 0.1 0.10 Stiffness (WOMAC)
 0.12 0.10 0.24 0.5 0.6 Function (WOMAC)
 0.05 0.005 0.006 0.03 0.05 Pain (KOOS)
 0.2 0.11 0.3 0.4 0.7 ADL (KOOS)
 0.01 0.005 0.006 0.005 0.001 RPM

T2 vs. C 0.002 0.009 < 0.001 0.007 0.02 Cumulative KOOS 
 0.005 0.01 0.002 0.005 0.02 Cumulative WOMAC 
 < 0.001 < 0.001 < 0.001 < 0.001 0.02 VAS
 0.03 0.008 <  0.001 0.002 0.001 Pain (WOMAC)
 0.002 < 0.001 < 0.001 < 0.001 < 0.001 Stiffness (WOMAC)
 0.02 0.04 0.008 0.02 0.04 Function (WOMAC)
 0.02 0.003 < 0.001 < 0.001 0.01 Pain (KOOS)
 0.02 0.04 0.008 0.007 0.04 ADL (KOOS)
 0.006 0.007 < 0.001 0.001 0.001 RPM

T2 vs. T1 0.05 0.15 0.003 0.02 0.04 Cumulative KOOS 
 0.3 0.8 0.4 0.05 0.2 Cumulative WOMAC 
 0.4 0.05 0.005 0.03 0.07 VAS
 0.9 0.5 0.3 0.4 0.2 Pain (WOMAC)
 0.01 0.06 0.008 0.03 0.02 Stiffness (WOMAC)
 0.4 0.6 0.07 0.05 0.2 Function (WOMAC)
 0.4 0.7 0.1 0.2 0.1 Pain (KOOS)
 0.2 0.6 0.08 0.05 0.07 ADL (KOOS)
 0.9 0.6 0.8 0.8 0.2 RPM
 
Bl. = baseline
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repeated leech therapy using validated scores, but 
also a subjective benefit in the control group. To 
differentiate any placebo effect from the effect 
of leeching, we expressed our findings as the dif-
ferences between follow-up and baseline scores 
at defined time periods. The values determined 
were then used to compare the treatment and the 
control groups. The method chosen to split the 
treatment population with the help of their base-
line scores made this evaluation tool especially 
helpful. The comparison with the control group 
revealed that the second leeching after an interval 
of 4 weeks led to a better long-term effect on the 
knees in regard to pain reduction, improved func-
tion and ADLs, although the baseline symptoms 
and baseline scores of the osteoarthritis were more 
pronounced in this group (T2). The single leech 
therapy did not provide similar results throughout 
the study period.

Nearly two-thirds of the patients in the T1 group 
and four-fifths in T2 were able to correctly identify 
the form of treatment they had received, and only 
one fifth of the control group thought a leech had 
been applied. This means that the local effects of 
the leeching, such as the feeling from the bite, itch-
ing, or oozing played an important role in what the 
patients perceived. Even with the blinding of the 
patients, the artificial leech was not able to simu-
late the real leech therapy completely. Thus, even 
with the use of a control group, it remains impos-
sible to clearly differentiate whether the positive 
effects seen in groups T1 and T2 were caused by 
substances in the leech saliva, the treatment proce-
dure itself, or by a placebo effect.

The critical analysis of previous publications of 
leech therapy provided by Hochberg (2003) has 
led to higher demands being placed on the design 
of follow-up studies. In addition, the reports pub-
lished by Wolfe and Lane (2002), as well as the rec-
ommendations of the Osteoarthritis Research Soci-
ety International (OARSI) (Hochberg et al. 1997) 
have led to the requirement for a minimum 12-
week (and ideally a 24-week) evaluation period to 
analyze the effectiveness of symptomatic therapy. 
Hochberg also reviewed the use of the WOMAC 
score critically. By adding further scores such as 
the internationally accepted knee-specific KOOS 
score (Kessler et al. 2003, Englund and Lohman-
der 2005, Lahav et al. 2006), we have attempted 

to adhere to Hochberg’s recommendations in our 
study design.

There is still no definitive explanation for the 
pain-reducing effect of leech therapy, and so leech-
ing remains a constant source of debate. Several 
substances in the saliva of leeches are known to 
have a therapeutic effect. Pharmacologically active 
substances such as the thrombin-inhibiting and 
factor-Xa-inhibiting hirudin, as well histamine-like 
vasodilators, kallikrein- and tryptase-inhibitors, 
several other inhibitors of proteases and anesthetics 
have been isolated (Brown et al. 1980, Markwardt 
et al. 1982, Ascenzi et al. 1995, Hochberg 2003, 
Michalsen et al. 2003, Dippenaar et al. 2006). The 
spread into deeper tissue and the joint cavity may 
be made possible by hyaluronidase, but it remains 
unclear whether or not these substrates reach the 
synovial membrane or the synovia, and what effect 
they may have on the cartilage and subchondral 
bone (Michalsen et al. 2003). Hochberg (2003) 
expressed doubt that the mechanism described 
above is an adequate explanation for the pain relief 
seen following leeching—in part due to the data 
presented by Rigbi et al. (1987). Bush et al. (1998) 
and Scott (2002) pointed out that along with the 
capacity to inhibit thrombin, hirudin also inhibits 
the synovial stimulatory protein (SSP/DING)—a 
growth factor for synovial fibroblasts— while pos-
sessing anti-inflammatory properties. It may also 
be possible that the local analgesic, blood thinning, 
and anti-inflammatory components are enhanced 
by the indirect effect of a prolonged isolated blood-
letting. This can only be clarified by testing each 
individual component of leech saliva. 

The additional demand for pain medication was 
reduced significantly in both treatment groups, 
which may make leech therapy an attractive alter-
native. The patients must, of course, be informed 
about the side effects associated with leech treat-
ment that have been described in the literature 
(Lineaweaver et al. 1992, De Chalain et al. 1996, 
Fennolar et al. 1999, Ikizceli et al. 2005), as well 
as the fact that the leech bite itself can lead to com-
plications. Even in light of the positive clinical data 
in the treatment of osteoarthritis, leeching cannot 
be considered to be a completely harmless and 
safe procedure. To avoid leech-associated compli-
cations, inclusion and exclusion criteria must be 
strictly adhered to.
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Our blinded and controlled explorative study has 
highlighted the effectiveness of leech therapy in 
the symptomatic treatment of osteoarthritis of the 
knee. In contrast to previous studies, the repeated 
leeching led to a better long-term effect. The 
question regarding the ideal interval between two 
leechings remains unanswered. In future studies, 
it would be helpful to create a “repeated artificial 
leeching group” to better compare with repeated 
leeching. Improvement of the artificial leech should 
be attempted to increase the value of the control 
group. Nevertheless, because of our clinical results 
and the published positive effects, we believe that 
leech therapy could have a place as an additional 
symptomatic treatment modality for osteoarthritis. 
The indication for leech therapy might be in case 
of failure of the conventional nonoperative and sur-
gical treatment modalities, or after consideration 
of existing contraindications. The clinical value of 
the leech therapy for osteoarthritis must be tested 
further in comparative studies involving the more 
classic forms of pain management, such as peroral 
NSAIDs.
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