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The analgesic effects of intraarticular morphine are
controversial. To systematically evaluate the effects,
we performed a review of the literature and a meta-
analysis of the peripheral effects of morphine injected
intraarticularly. Research databases were searched to
identify articles in which peripheral analgesic effects
of morphine were studied in patients undergoing ar-
throscopic knee procedures under local, regional, or
general anesthesia. The review was performed on
three issues: does morphine injected intraarticularly
produce analgesia, is it a dose-dependent effect, and,
if so, is the effect systemic or mediated via peripheral
opioid receptors? Visual analog score (VAS) and an-
algesic consumption were studied during the early
phase (0 –2 h), intermediate phase (2– 6 h), and late
phase (6 –24 h) postoperatively after injection of mor-
phine intraarticularly. Metaanalysis of these effect
variables was performed by the weighted-analysis
technique, and the essential homogeneity assump-
tion was tested by the �2 test. Forty-five articles could
be identified in which the effects of morphine were
studied in a prospective, randomized manner, and 32

of these studies included a placebo control. Pooled
analyses of data from 19 studies suitable for meta-
analysis showed an improvement in analgesia after
morphine compared with placebo in the order of 12–
17 mm on the VAS during all three phases of treat-
ment. Studies with high quality scores showed some-
what smaller improvements. Total analgesic
consumption could not be analyzed statistically, but
the number of studies showing decreased analgesic
consumption or no differences between groups was
identical (six and six). No clear dose-response effect
was seen when VAS was used as a measure of pain,
but it was seen when area under the curve was used
as a measure of pain. A systemic effect of
peripherally-injected morphine was not possible to
exclude because of the very limited data available.
We conclude from this metaanalysis that intraarticu-
larly administered morphine has a definite but mild
analgesic effect. It may be dose dependent, and a sys-
temic effect cannot be completely excluded.

(Anesth Analg 2001;93:761–70)

The effects of morphine on peripheral receptors
were first studied in animals, and it was found to
have analgesic effects in a rat model of acute

inflammation (1). Stein et al. (2) showed that the ef-
fects of morphine injected peripherally intraarticularly
were mediated by peripheral opioid receptors, be-
cause the analgesic effect could be reversed by the
intraarticular injection of naloxone. These studies
were first published in the early 1990s, and since then
a large number of articles have been published on the
peripheral effects of morphine. Morphine and other
opioids have been injected in the vicinity of practically

every peripheral nerve and many joints to assess its
analgesic efficacy.

Kalso et al. (3) published a qualitative systematic
review of the literature on the intraarticular effects of
morphine in 1997. It is surprising that they found only
four studies that scored more than four points on a
five-point qualitative scale described by McQuay and
Moore (4). Accordingly, no metaanalysis was per-
formed because of a lack of an adequate number of
high-quality studies. They concluded that morphine
probably has mild analgesic effects when injected in-
traarticularly in humans but also recommended fur-
ther randomized controlled trials (RCTs) to clarify the
issue. The primary aim of this systematic review was
to establish whether morphine injected intraarticu-
larly has an analgesic effect when compared with
placebo. The secondary aims were to assess whether
this is a dose-dependent effect, and if so, whether it is
a systemic effect or occurs via peripheral receptors.
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This systematic review was consequently performed
in four steps: 1) We reviewed all studies published in
the literature in which a direct comparison was made
between morphine and placebo injected intraarticu-
larly in humans; 2) we performed a qualitative analy-
sis of these studies on the basis of the criteria recom-
mended by McQuay and Moore (4); 3) we then
performed a quantitative analysis of the data from all
randomized, placebo-controlled trials and also a quan-
titative analysis of studies with a high quality; and 4)
as a last step in the analysis, those studies in which
different doses of morphine were given were also
analyzed to see whether there was a dose-dependent
effect of morphine. If a dose-dependent effect was
seen, we were interested in determining whether this
was a systemic effect or an effect via peripheral mor-
phine receptors.

Methods
A systematic search of the literature was performed by
first identifying key words related to the subject
(opiate/opioids, morphine, articular, arthroscopy, an-
algesia, pain, postoperative) and then searching the
MEDLINE database between the years 1986 and 2000
for original publications, review articles, abstracts,
case reports, and letters to the editor. The reference list
in every article published on this subject was screened
for references that may have been missed in the MED-
LINE database. The reference list of review articles,
including a previously published systematic review
(3), was also searched. Finally, the Cochrane Founda-
tion database and EMBASE were also searched. No
attempt was made to obtain access to unpublished
studies from authors who have previously published
on this subject. Three of the authors reviewed the
results in detail. One of us had previously published
articles on this subject, one had a special interest in the
area but had not published on this subject, and the
third was an independent reviewer with no special
interest in this field. We agreed on the following
inclusion/exclusion criteria when considering each
study.

1. Only studies of humans (volunteers and patients)
were included.

2. Only randomized and prospective studies were
considered (Level 1 evidence).

3. Studies in which the primary aim was to assess
the effect of tourniquet time on postoperative
analgesia were excluded (5,6).

4. Those studies in which the primary aim was to
assess the effects of intraarticular morphine on
chronic pain were also excluded (7,8).

5. Two studies in which the authors compared re-
gional nerve blocks with intraarticular analgesics

for postoperative pain relief after arthroscopy
were also excluded (9,10).

6. Only those studies in which morphine was in-
jected into the knee joint were included.

In the assessment of postoperative pain, three
phases were identified.

1. The early phase, 0–2 h: during this phase, the
residual effects of intraoperative analgesics could
result in study bias (regional or local anesthesia)
(11–14). Thus, studies in which intraoperative
narcotics were used could result in study bias
when compared with narcotic-free anesthesia
during this early phase.

2. The intermediate phase, 2–6 h: during this phase,
the effects of local anesthetics and perioperative
opioids and the residual effects of premedicants
usually diminish.

3. The late phase, 6–24 h: the analgesic effects seen
during this phase are most likely to be the effects
of intraarticular morphine alone.

Two measures of pain relief were analyzed:

1. Direct measure: the visual analog score (VAS) at
rest, with no pain � 0 and worst imaginable pain
� 10, was recorded in each study. The exact pain
score was somewhat difficult to decipher in some
studies in which results were presented in fig-
ures (versus tables). Thus, two of the authors
independently estimated the VAS presented in
the figures in each article and came to an agree-
ment on the mean � sem or sd VAS. When
multiple measures of VAS were presented in
each phase, the median VAS pain score was used
in the final metaanalysis.

2. Indirect measure: the total consumption of anal-
gesics after surgery was recorded in each study.
However, many studies did not present the exact
doses consumed. The number of different post-
operative analgesic regimens was large and
could not be subjected to any statistical analysis.
Consequently, we have summarized our findings
only if they were significantly different in each
study. No further statistical tests were used.

In view of the large number of studies published
and the uncertainty of the conclusions drawn, our
review was limited to answering three main ques-
tions: 1) Does morphine have any analgesic effect
when injected intraarticularly compared with a con-
trol group receiving only placebo? 2) If there is an
analgesic effect, is it dose dependent? 3) Is the possible
analgesic effect systemic or local (peripheral)? Thus,
studies in which morphine was not compared directly
with placebo were excluded from the review.

Means and 95% confidence intervals (CI) for the dif-
ference (treatment � control) in pain score on the
VAS were calculated from the studies identified.
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The formulas for two independent samples with
unequal variances were used according to Welch
(15). The CIs were plotted with VAS in millimeters
on the horizontal axis, and different individual
studies were plotted on the vertical axis. Means
located to the left of the reference line 0 indicate that
treatment is superior to placebo, whereas mean val-
ues to the right indicate the opposite.

Metaanalysis was performed with the weighted-
analysis technique based on that of Grizzle et al. (16)
and as described by Greenland (17). The study
weights used in combining the results from the differ-
ent studies were the inverse variance computed from
the estimated standard error, 1/se (2), where the for-
mula for se was given by Welch (15). We tested the
essential homogeneity assumption by the �2 test de-
scribed by Greenland (17), and when homogeneity
was rejected, we calculated the final CI for the sum-
mary effect with a correction based on random effect
modification, also described by Greenland (17). All
computations could be implemented by standard sta-
tistical software, SPSS (18), with additional commands
using the internal syntax of the package. The final 95%
CIs were visualized graphically in the same way as the
CIs of the basic studies. The analysis was performed
for all 19 studies suitable for metaanalysis as well as
for those studies that had a higher quality score.

Results
Forty-five articles could be identified in which the
authors had specifically studied the effects of mor-
phine injected intraarticularly into the knee joint in
humans in a prospective, randomized way. Of these,
32 studies had included a placebo control, whereas 13
used an active drug in the control group. The active
control group could be either a local anesthetic or
morphine injected IV or IM. Where an active drug was
injected IV or IM, we included only those studies in
which this was double-blinded.

Twenty-seven studies could be identified in which
morphine was compared directly with placebo (nor-
mal saline) in patients undergoing arthroscopic knee
surgery (Table 1). A total of 1748 patients were stud-
ied. Thirteen of these studies found a beneficial effect
of morphine (19–31), whereas 14 others did not find
any beneficial effect (11–13,32–42). In one study (42),
no beneficial effect of morphine was found when all
patients were included, but significantly better anal-
gesia was provided when a subgroup of patients with
VAS pain intensity �10 mm was analyzed. General
anesthesia was used in 12 of the 13 studies that
showed a beneficial effect of morphine, and in one
study, local anesthesia was used for the operative
procedure. Ten of the 13 studies used intraoperative
tourniquet, and in 8 studies, intraoperative narcotics

were given as a part of the anesthetic technique. In
nine studies in which 4–10 mg morphine was injected
intraarticularly, better analgesia was reported in the
morphine groups compared with the placebo group.
In six studies, a dose of 1 mg morphine was injected
intraarticularly (in two studies, two different doses of
morphine were given). Of these, two studies found no
benefit of 1 mg morphine compared with placebo
(34,38), and of the four studies in which VAS was less
in the morphine group, one study found this to be less
only between 0 and 2 h (Phase I) (20), whereas the
other three found it to be less between 6 and 24 h
(Phase III) (24,28,31).

Nineteen studies could be identified in which the
data were presented in a way that could be used in
a metaanalysis. In the other studies, no sd or sem
was given (22,26,35–38), median and range were
presented (39) instead of mean and sd, or results
were presented as change from baseline values (13).
These studies could not be included in the meta-
analysis. The results of the 19 studies are shown in
Figures 1–3 for the early, intermediate, and late
phases. There was a mean reduction in pain inten-
sity in the morphine group compared with placebo
during each of the three phases. The mean (95% CI)
of this reduction was 11.6 (6.6 –16.6) mm, 17.0 (11.7–
22.3) mm, and 14.7 (9.2–20.2) mm during Phases I, II,
and III, respectively, when all 19 studies were in-
cluded in the analysis (Table 2). Of the 13 studies in
which beneficial effects of morphine were found, 6
found significantly less analgesic consumption in
the morphine group, whereas 6 found no significant
difference between the groups. One study stated
differences in analgesic consumption but did not
state whether these reached statistical significance.

Metaanalysis of high-quality studies was performed
(score �3 and �4) to see whether the quality had an
effect on the heterogeneity and on the difference be-
tween placebo and treatment groups. Homogeneity
was present only when quality scores �4 were ana-
lyzed and only during the early (0–2 h) and interme-
diate (2–6 h) phase (Table 2). In this latter group with
a high quality score, the treatment group continued to
show better analgesia than the placebo group. How-
ever, the differences between the treatment and pla-
cebo groups were less than when all studies were
included.

Seven studies could be identified in which the au-
thors studied a dose-response relationship for the ef-
fects of morphine injected intraarticularly (Table 3). A
total of 613 patients were studied in these seven stud-
ies. In two studies, 5 mg morphine was found to be
better than 1 mg during the first 24 h after surgery
(24,29). In the other four studies, there were no advan-
tages in giving 1 mg compared with 0.5 mg of mor-
phine (2), 1 mg compared with 2 mg of morphine
(37,42), 2 mg morphine compared with 5 mg (39), or
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1 mg versus 3 mg of morphine (43). In one study,
varying doses of morphine (1, 2, and 4 mg) were
compared with placebo (44). The authors found a
dose-response reduction in pain intensity as measured
by the area under the curve, but not as measured by
the VAS.

Six studies compared intraarticular versus IV or
IM morphine to exclude systemic effects of mor-
phine given intraarticularly (Table 4). In all, 467
patients were studied. Three studies found no dif-
ferences in VAS scores after surgery between the
intraarticularly and systemically-administered mor-
phine (29,32,39), whereas two studies found lower
pain scores in patients receiving a similar dose of
morphine IV (2,28). In one of these two studies, a
lower pain score was seen during Phase III and not
Phase I or II after surgery (28). In the sixth study, the
authors found no significant differences between

intraarticular and IM morphine in a dose of 5 mg,
but this study was not blinded (41). Plasma concen-
trations of morphine were measured after intraar-
ticular injections of 1 and 5 mg morphine in one
study (28) and after IV and intraarticular injection
(5 mg) in another study (29). The plasma concentra-
tion of morphine 2 h after 5 mg morphine intraar-
ticularly was approximately 50% of the concentra-
tion achieved after IV injection (29). In the other
study (28), of the 10 patients studied, 2 had spuri-
ously large concentrations and 2 others had unde-
tectable levels (�1 ng/mL). In the remaining six
patients, the authors found smaller concentrations of
morphine than are usually described after systemic
morphine. Plasma concentrations of morphine-3-
glucoronide, however, were approximately 13 ng/mL
90–120 min after intraarticular administration of mor-
phine (29).

Table 1. Randomized, Double-Blinded Placebo-Controlled Studies

Reference
No. Author

No.
Patients
(groups)

Type of
operation

Type of
anesthesia Tourniquet

Morphine
dose
(mg)

Duration of
observation Conclusion

Quality
(Ref. 4)

11 Heard et al. (1992) 139 (3) Arthroscopy 112 GA
27 RA

No 3 24 h Morphine � placebo 3

12 Raja et al. (1992) 47 (3) Arthroscopy Epidural Yes 3 6 h Morphine � placebo 4
13 Gupta et al. (1999) 100 (5) Arthroscopy LA No 3 48 h Morphine � placebo 2
19 Joshi et al. (1993) 20 (2) ACL repair GA Yes 5 24 h Morphine better 2
20 Joshi et al. (1993) 40 (4) Arthroscopy GA Yes 5 24 h Morphine better 2
21 Lyons et al. (1995) 66 (3) Arthroscopy GA Yes 5 24 h Morphine better 3
22 Haynes et al. (1994) 40 (4) Arthroscopy GA Yes 1 24 h Morphine better 3
23 Cepeda et al. (1997) 112 (4) Arthroscopy GA Yes 10 72 h Morphine better 5
24 Kanbak et al. (1997) 35 (3) Arthroscopy GA Yes 1 and 5 24 h Morphine better 2
25 Joshi et al. (1993) 20 (2) ACL repair GA Yes 5 24 h Morphine better 2
26 Dalsgaard et al.

(1994)
52 (2) Arthroscopy LA ? 1 24 h Morphine better 3

27 Jaureguito et al.
(1995)

40 (3) Arthroscopy LA No 4 24 h Morphine better 3

28 Joshi et al. (1992) 20 (2) Arthroscopy GA Yes 5 24 h Morphine better 2
29 Richardson et al.

(1997)
106 (3)
48 (3)

Arthroscopy GA ? 1 and 5 24 h Morphine better 3

30 Chan (1995) 40 (4) Arthroscopy GA Yes 1 24 h Morphine better 3
31 Karlsson et al. (1995) 40 (4) ACL repair GA Yes 1 48 h Morphine better 4
32 Dierking et al. (1994) 33 (2) Arthroscopy GA No 2 6 h Morphine IA � IM 4
33 De Andres et al.

(1998)
103 (4) Arthroscopy GA Yes 1 24 h Morphine better 4

34 Wrench et al. (1996) 60 (3) Arthroscopy GA Yes 1 2 h Morphine � placebo 4
35 Söderlund et al.

(1997)
70 (7) Arthroscopy GA Yes/No 1 24 h Morphine � placebo 3

36 Aasbo et al. (1996) 107 (4) Arthroscopy GA Yes 3 7 Morphine � placebo 3
37 Ruwe et al. (1995) 124 (5) Arthroscopy GA Yes 1 and 2 48 h Morphine � placebo 5
38 Gatt et al. (1998) 30 (3) ACL repair GA ? 1 2 h Morphine better 4
39 Hege-Scheuing et al.

(1995)
59 (2) Arthroscopy GA ? 1 24 h Morphine IA � IV 3

40 Laurent et al. (1994) 58 (3) Arthroscopy GA ? 2 and 5 36 h Morphine � placebo 4
41 Björnsson et al.

(1994)
78 (4)
71 (3)

Arthroscopy GA No 1 and 5 24 h Morphine � placebo 2

42 Rosseland et al.
(1999)

90 (3) Arthroscopy LA ? 1 and 2 48 h Morphine � placebo 5

Studies in which morphine injected intraarticularly was compared with placebo (normal saline) in a randomized, double-blinded design.
GA � general anesthesia; RA � regional anesthesia; LA � local anesthesia; IA � intraarticular; ACL � anterior cruciate ligament.
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Discussion
In this systematic review of the intraarticular effects of
morphine, we found that morphine produced a defi-
nite reduction in postoperative pain intensity com-
pared with placebo, and this was seen during all post-
operative phases. The effect was mild (mean reduction
in pain intensity, 12–17 mm on the VAS scale). This
effect could be dose dependent, but a systemic effect
of the intraarticularly administered morphine cannot
be completely eliminated.

We used more liberal inclusion criteria in our meta-
analysis; i.e., all RCTs in which the results could be
statistically analyzed were included and not just those
with high quality scores. To ensure that an RCT is of
high quality, McQuay and Moore (4) suggest that the

study should be 1) randomized, and that the
method of randomization should be described and
appropriate; 2) double-blinded, and the method of
blinding should be described and appropriate; and
3) any withdrawals from the trials should be de-
scribed. Many of the studies described in the liter-
ature may have followed these criteria but may not
have stated it in the study report. Should these
studies then be excluded from a metaanalysis? A
similar argument was put forward by Fisher (45),
who stated that well designed studies might be
rejected simply because the authors failed to specify
certain criteria demanded by the metaanalyst (and
such criteria might have been standard practice at
the time the study was conducted but were not
routinely reported). By using more liberal inclusion
criteria, we were able to draw conclusions from a
larger number of studies (and patients). The conclu-
sions should, however, carry a warning that we do
not know whether the authors have strictly followed
the methodology of high-quality trials, but we have
no reason to believe otherwise.

Studies in which morphine was compared with a
local anesthetic, a nonsteroidal antiinflammatory
drug, clonidine, or another narcotic analgesic, but
not a placebo group, were excluded. Although Kalso
et al. (3) argue that the highest hierarchy of evidence
is when local anesthetic is used intraarticularly be-
cause local anesthetics are known to provide reli-
able analgesia of predictable duration, a systematic
review of intraarticular local anesthetics found only
weak evidence for reduction of postoperative pain
after arthroscopic knee surgery (46). Also, combining
local anesthetics with morphine or a nonsteroidal an-
tiinflammatory drug may result in interactions and

Figure 1. Early phase; x axis � mean and confidence interval (CI) of
the visual analog scores (VAS) at 0–2 h in the different studies; y
axis � reference number for the study. Pooled data from all studies
are depicted at the top.

Figure 2. Intermediate phase; x axis � mean and confidence interval
(CI) of the visual analog scores (VAS) at 2–6 h in the different
studies; y axis � reference number for the study; n.a. � not avail-
able. Pooled data from all studies are depicted at the top.

Figure 3. Late phase; x axis � mean and confidence interval (CI) of
the visual analog scores (VAS) at 6–24 h in the different studies; y
axis � reference number for the study; n.a. � not available. Pooled
data from all studies are depicted at the top.
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possible synergistic effects, thus confounding the con-
clusions drawn. Thus, the primary aim of this system-
atic review was to quantify the effect of morphine
versus placebo and not versus an active drug.

Results from many studies are presented only as
graphs or diagrams, and sometimes it is difficult to
identify the exact value of the studied variable. For
instance, VAS was often presented as a diagram, with
time on the x axis and pain intensity (cm) on the y axis.
Because resolution of the y axis was sometimes poor
(e.g., intervals of 2 cm on the scale, absence of marks
representing digits, or three-dimensional figures)
(38,24), it was sometimes impossible to identify the
correct pain intensity score at a given time point. All
studies in which two independent authors were in
agreement on the possibility of extraction of data from
figures are included in the metaanalysis.

Although McQuay and Moore (4) do not discuss
statistical problems when evaluating high-quality ar-
ticles, this is one of the most common problems in
RCTs. One of the problems encountered was that one
of the authors used two different statistical methods
for the same data and showed that, depending on the
statistical method used, the result could be significant
(P � 0.05) or not significant (P � 0.05) (22). Some
authors have presented CIs without mean values (23),
others have presented mean values without sd, sem,
or CI (26,38), and still others have presented only
changes from baseline values rather than actual values
(13). Most of these studies could not, unfortunately, be
used in any constructive metaanalysis, thus limiting
the number of studies suitable for analysis.

The above-mentioned problems deal with the se-
lection of studies suitable for the metaanalysis. As
for the analysis itself, we found a significant heter-
ogeneity between the studies when all studies were
included in the analysis. This means that the studies
do not estimate a common, constant difference be-
tween placebo and treatment. Instead, there seems
to be a variation in the difference that is more than
that of simple random variation. The variation can
be caused by characteristics that differ between the
studies and at the same time affect the treatment.
The interpretation of the summarized mean values
is in this case a bit more complex. They now repre-
sent means in the distribution of the differences
rather than a simple variable. By excluding some of

the studies from the metaanalysis, in particular
those with effect-related study characteristics, ho-
mogeneity could possibly have been achieved. This
was found to be true when only high-quality studies
were included in the metaanalysis (score �4). The
relatively small number of available studies speaks
against this approach, and because in our case the
calculated mean values were found in the region in
which treatment was superior to placebo and the CIs
were narrow, we believe that the heterogeneity does
not in any essential way contradict the main conclu-
sions of the metaanalysis. In addition, as stated by
Greenland (17), the analysis of heterogeneity can be
the most important result of a metaanalysis.

The major issue in this systematic review was to
establish whether morphine injected intraarticularly
has an analgesic effect when compared with placebo.
Thus, we included only studies that were prospective,
randomized, and double-blinded. The subsequent
metaanalysis showed a reduction in pain intensity by
a mean value of 12–17 mm on VAS during the three
postoperative phases. This confirms the early findings
of Khoury et al. (7) that morphine injected intraarticu-
larly produces analgesia. Taking into account that
morphine receptors have been described on periph-
eral nerves in animals (47) and humans (48), one may
conclude that morphine also acts via peripheral recep-
tors to induce analgesia in humans. However, these
results lead to further questions that must be an-
swered. Why do some studies show a good effect of
morphine injected intraarticularly and others do not?
Is the effect dose dependent? Is this a systemic effect
or an effect on peripheral receptors?

According to our systematic review, there seems to
be wide variability in the analgesic effects when mor-
phine is injected intraarticularly. This variability is
seen not only between studies (population variability),
but also within studies (patient variability). In addi-
tion, lack of consistency is seen between studies, i.e.,
some studies report early beneficial effects of mor-
phine, whereas others show only late effects. Factors
that might affect the results could include the type of
surgery and pain intensity, preexisting inflammatory
reaction, and when the tourniquet was released, as
well as study design (underpowered studies may re-
sult in negative results). There is little doubt that the

Table 2. Results of Metaanalysis with Stratification for Quality Score

Quality scoring n 0–2 h 2–6 h 6–24 h
Heterogeneity

among studiesa

All studies 19 �11.6 � 5.0 �17.0 � 5.3 �14.7 � 5.5 Yes
Quality score �3 13 �11.8 � 5.6 �15.5 � 6.2 �13.4 � 6.6 Yes
Quality score �4 7 �6.7 � 5.5 �5.7 � 5.4 �3.0 � 10.0 No/yesb

VAS � visual analog score; Difference between treatment and placebo in mm VAS, supplemented with 95% confidence interval.
a For discussion of heterogeneity, see text.
b Homogeneity for 0–2 h and 2–6 h, heterogeneity for 6–24 h.
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presence of preexisting inflammatory reaction in-
creases the efficacy of intraarticular morphine (48).
The role of the tourniquet is more controversial. Two
studies that specifically addressed this issue reported
contradictory results (5,6), and the mechanism for the
potential positive effect of tourniquet remains unclear.
The hypothesis that the presence of tourniquet would
improve the binding of morphine to the intraarticular
receptors is not proven (5).

Many studies with negative results seem to be too
small (underpowered) to detect significant differ-
ences. Because pain intensity in many studies is mod-
est, large sample sizes are required to reliably detect
significant differences. Thus, studies in which pain
intensity is more pronounced (anterior cruciate liga-
ment repair) and in which there is preexisting inflam-
mation (e.g., chronic arthritis) may more likely detect
significant effects with smaller sample sizes. This was,
in fact, the observation made by Rosseland et al. (42)
when they excluded patients with minimal pain. They
found that there was a significantly better effect of
morphine compared with placebo.

Another issue to be addressed is whether the poten-
tial effect of intraarticular morphine is dose dependent
or not. Once again, the results are equivocal, with
some studies suggesting a dose-dependent effect
while others do not. A well-designed study of high
quality showed a dose-dependent analgesic effect af-
ter intraarticular morphine (44). Three doses of mor-
phine (1, 2, and 4 mg) injected intraarticularly after
arthroscopy performed under general anesthesia were
compared with placebo. Although no statistical differ-
ences were shown between the groups in the VAS
pain scores, the area under the VAS pain curve de-
creased with increasing doses of morphine. Similarly,
although no differences were seen in analgesic con-
sumption at specific time points, the overall cumula-
tive analgesic consumption decreased with increasing
doses of morphine. Thus, this study showed that the
analgesic effect of morphine is dose dependent. It is,
however, possible that the peak effect of morphine
was not seen after 4 mg and that a further increase in
the dose would provide better analgesia. Kalso et al.
(3) argued that doses of 1 mg morphine, when diluted
to 20 mL and injected into the knee joint, would pro-
duce concentrations (in the knee) of more than 1000
times that seen after the systemic injection of mor-
phine. This suggests that the peripheral opioid recep-
tors should be fully saturated with 1 mg morphine in
20 mL saline. Yet Likar et al. (44) found a dose-
dependent analgesic effect of morphine injected in-
traarticularly. One explanation for these contradictory
findings might be that the analgesic effect of morphine
is due to its systemic absorption after intraarticular
injection. In contrast to the findings of Likar et al. (44),
a study compared the effects of 1 vs 2 mg morphine
and found that patients receiving morphine 2 mg had

more pain than those receiving 1 mg (43). Two other
studies had similar results. Björnsson et al. (41) found
higher pain scores than placebo during the first 2 h
after the injection, although the difference did not
reach statistical significance. Similarly, Gupta et al.
(13) also found higher pain scores during the first 2 h
in the morphine group after 3 mg morphine. Mor-
phine causes histamine release, and this may be the
mechanism for the short-lasting local hyperalgesia
seen in some studies. In another study, Rosseland et
al. (42) found no improved analgesia when comparing
1 vs 2 mg of morphine intraarticularly. The reasons for
these conflicting results are unknown.

In three studies, no differences were found in VAS
scores between the systemic and intraarticular
groups, whereas in two studies intraarticular mor-
phine was found to be better than IV. In the latter
two, no differences in VAS scores were seen during
the first two to four hours after the injection. How-
ever, better analgesia was reported during the next
24 hours in the group receiving intraarticular mor-
phine. Thus, it seems that the analgesia is prolonged
when morphine is injected intraarticularly, whereas
systemic morphine has a short duration of effect. It
has been proposed that glucoronidation of mor-
phine intraarticularly may produce morphine-6-
glucoronide, which has a longer half-life that may
account for the more prolonged effect (28). In the
same study, plasma morphine-6-glucoronide and
morphine-3-glucoride concentrations were mea-
sured after the injection of 5 mg of intraarticular
morphine, and it was found that the latter was quite
large. The plasma concentration of morphine was
measured after systemic and intraarticular adminis-
tration in two studies (28,29). Whereas Joshi et al.
(28) found that the plasma concentrations were
small during the sampling period (up to four hours),
Richardson et al. (29) found a mean plasma concen-
tration of 3.5 ng/mL two hours after intraarticular
administration of 5 mg morphine, and a systemic
dose of 5 mg morphine produced a concentration of
6.3 ng/mL—approximately twice as much after IV
compared with intraarticular morphine. This is
somewhat surprising because one would not have
expected such large plasma concentrations after the
intraarticular injection of morphine; it makes one
wonder whether this effect is, after all, a systemic
effect. No studies have measured plasma concentra-
tions after 6 –24 hours of intraarticular administra-
tion of morphine when the analgesic effect of mor-
phine (intraarticular) appears to be maximal. Could
there be an axonal flow of morphine via peripheral
nerves into the spinal fluid and the analgesic effects
of morphine seen are via spinal receptors (and not
peripheral morphine receptors), causing the de-
layed effect? Future studies should focus on the role
of inflammation in producing peripheral analgesia
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and also on whether the analgesic effect of mor-
phine is via opioid receptors or via inhibition of
prostaglandin mechanisms in inflamed tissues.

Metaanalysis of the studies available in the litera-
ture has shown that morphine injected into the intra-
articular space produces analgesia up to 24 hours after
the injection, and this could be a dose-dependent ef-
fect. Whether the effect is via peripheral opioid recep-
tors or a systemic effect remains to be shown
conclusively.

References
1. Joris JL, Dubner R, Hargreaves KM. Opioid analgesia at periph-

eral sites: a target for opioids released during stress and inflam-
mation. Anesth Analg 1987;66:1277–81.

2. Stein C, Comisel K, Halmerl E, et al. Analgesic effect of intra-
articular morphine after arthroscopic knee surgery. N Engl
J Med 1991;325:1123–6.
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