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a b s t r a c t

Infiltration anaesthesia with articaine, a local anaesthetic able to penetrate bone, may relieve procedural
pain better than lidocaine in bone marrow aspiration and biopsy. This randomised, double-blind study
comprised 150 patients with suspected or known haematologic disease. Either articaine 20 mg/ml (50
patients), articaine 40 mg/ml (49 patients) or lidocaine 20 mg/ml (51 patients), all with adrenaline
5 lg/ml, was infiltrated in volume of 6 ml (sternal manubrium), 8 ml (sternal body) or 10 ml (iliac crest)
2 min before puncture. Numeral rating scale score (median, range) at injection of local anaesthetic was
3.0 (0–10), at bone puncture 2.0 (0–8), at aspiration 3.5 (0–10) and at biopsy (48 patients) 3.0 (0–10).
Pre-procedural anxiety, rated on a verbal scale, correlated significantly with experienced pain
(P < 0.01). Very anxious patients had fewer previous bone marrow examinations (P < 0.01) and they expe-
rienced more pain during aspiration (P < 0.05). In the post-interview 42 patients reported appearance of
pain (median 2.0, range 1–7) after 6.2 h, on average, and 15 patients needed oral analgesics. No parameter
differed significantly between the groups.

In conclusion, the quality of infiltration anaesthesia for bone marrow punctures and aspiration with
articaine and lidocaine was similarly poor. Several patients experienced strong pain which correlated
with the degree of anxiety.

� 2009 European Federation of International Association for the Study of Pain Chapters. Published by
Elsevier Ltd. All rights reserved.
1. Introduction pose of this double-blind and randomised study was to compare
Bone marrow aspiration and/or biopsy (BMAB) are often associ-
ated with considerable discomfort and pain (Williams and Nelson,
1995; Vanhelleputte et al., 2003; Giannoutsos et al., 2004). Patients
having malignant haematologic disorders undergo several times
BMABs and adequate pain relief may have a major impact on their
quality of life. There are reports of prolonged pain after a painful
BMAB (Bain, 2004, 2005).

Lidocaine is commonly used for infiltration anaesthesia in
BMAB (Giannoutsos et al., 2004; Park et al., 2008). Articaine, an
amide-type local anaesthetic favoured by dentists because of its ra-
pid onset and ability to penetrate bone (Vree and Gielen, 2005),
may provide better analgesia for bone penetrating procedures than
other currently used local anaesthetic. Articaine blocks isolated
nerves better than lidocaine (Potočnik et al., 2006), and in den-
tistry, the nerve blocking effect of articaine has been similar
(Ram and Amir, 2006; Rosenberg et al., 2007; Sherman et al.,
2008) or better (Evans et al., 2008) than that of lidocaine. The pur-
ernational Association for the Stud
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articaine and lidocaine for relief of pain and discomfort in adult pa-
tients undergoing BMAB.

2. Patients and methods

This study was approved by the hospital ethics committee and
Finnish National Agency for Medicines. The study included 150
adult out-patients with suspected or known haematologic disease
undergoing BMAB (Table 1). Based on the study on maxillary infil-
trations of articaine 40 mg/ml with adrenaline and lidocaine
20 mg/ml with adrenaline (Evans et al., 2008) we calculated that
for a significant difference (a = 0.05, power 80%) at least 35 patients
are needed per group.

2.1. Local anaesthetics

Patients were randomized to three different groups: lidocaine
20 mg/ml (Lidocain�, Orion Pharma, Finland), articaine 20 mg/ml
(Ultracain�, Sanofi-Aventis comp., France) and articaine 40 mg/
ml. Adrenaline 5 lg/ml was added to the local anaesthetic
solutions before use. The physician performing the aspiration and
/ or biopsy was blinded to the solution used.
y of Pain Chapters. Published by Elsevier Ltd. All rights reserved.
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Table 1
Demographic data of the patients.

Lidocaine 20 mg/ml (n = 51) Articaine 20 mg/ml (n = 50) Articaine 40 mg/ml (n = 49)

Gender (M/F) 27/24 29/21 22/27
Age (years) (mean, range) 54 (18–76) 55 (20–82) 53 (21–80)
Length (cm) (mean, SD) 173.2 (10.9) 172.7 (10.0) 169.3 (10.9)
Weight (kg) (mean, SD) 77.4 (17.4) 76.0 (16.3) 75.0 (16.6)

Site of aspiration (no. of patients)
–Manubrium sterni 23 18 21
–Corpus sterni 6 2 3
–Crista iliaca 22 30 25

Diagnoses (no. of patients)
–Non-Hodgkin lymphoma 4 6 9
–Myeloma 4 0 1
–Leukemia 28 29 23
–Myelodysplastic syndrome 2 3 3
–Healthy donor 4 1 0
–Other 9 9 13

Performed by
–Doctors in training (no. of patients) 12 14 14
–Specialists (no. of patients) 39 36 35
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2.2. Local anaesthetic infiltration and punctures

Before the procedure, the skin, the subcutaneous tissue and the
periosteum of the bone were anaesthetized by infiltrating anaes-
thetic solution with a 21 G needle using a third of the scheduled
volume into each compartment. The volume of the solution was
6 ml for bone marrow aspiration at the sternal manubrium, 8 ml
for aspiration of the sternal body and 10 ml for aspiration and/or
biopsy of the iliac crest. Two minutes after infiltration of the local
anaesthetic drug, a 14–16 G bone marrow aspiration needle was
inserted into the marrow. If the patient was also scheduled for
biopsy, this was always performed as the last step. The bone mar-
row biopsy was taken from the iliac crest, near the site of the pre-
ceding aspiration, using an 8 G needle (Angiotech, T-lockTM,
Gainesville, FL, USA). If anaesthesia was not adequate for the inser-
tion of the aspiration needle, half the initially used amount was
administered for the second infiltration.

2.3. Tests for anxiety and pain

Before the bone marrow procedure the anxiety level of the pa-
tient was evaluated on a verbal scale 0–4, where 0 = no anxiety,
4 = very anxious. Emotions such as nervousness, fear, tension and
stress were not separated in the pre-procedural examination and,
thus, they were covered under the ‘‘anxiety” score. The patients re-
ceived sedative premedication (diazepam orally) by request.

During the procedure the effectiveness of anaesthesia was eval-
uated at predetermined times using the numeral rating scale (NRS)
(0 = no pain, 10 = worst pain imaginable). The analgesic effect was
evaluated during application of the local anaesthetic, during punc-
ture, during bone marrow aspiration, during bone marrow biopsy
and immediately after the procedure. Also the grade of subjective
unpleasantness during puncture and aspiration was registered on
the scale 0–4 (0 = no feeling at all, 4 = very unpleasant experience).

2.4. Post-intervention interviews

Thirty minutes after the bone marrow aspiration and/or biopsy
the patients were interviewed. The interviewer was blinded to the
used local anaesthetic solution. The patients’ present general con-
dition and the pain score were recorded. They were also asked if
the pain during injection was stronger or milder than expected.

After 24 h the patient was interviewed by telephone by a
blinded member of the study group. Structured questions about
general condition, haematomas or bleeding at the puncture site,
the grade of pain and the need for medicines were asked. The
patient was also asked to compare the painfulness of the proce-
dure to that of the previous bone marrow samplings. The patient
was once more contacted after 2 weeks and again the general
condition, and grade and location of the possible pain were
evaluated.

2.5. Statistics

The demographic data was analyzed using ANOVA and non-
parametric data with non-parametric tests including Kruskal–Wal-
lis and Mann–Whitney U. Spearman Rank correlation was used
with parametric data.

3. Results

Patient characteristics were comparable between the three local
anaesthetic groups (Table 1). Twenty-nine patients (19.3%) were
first-timers. Eight patients took part in the study twice and one pa-
tient three times. Forty of the procedures were performed by doc-
tors in training, the rest by specialists.

3.1. Anxiety

Prior to the procedure, the patients expressed varying level of
anxiety on the scale 0–4 (median 1.00, mean 1.28, SD 1.43, range
0–4) without difference between the groups. Sixty-eight patients
(45.3%) were not anxious at all (score 0), while 16 patients
(10.7%) were very anxious (score 4). Six patients received diaze-
pam 5–10 mg orally prior to the procedure. In comparison with
those patients having had previous experience from the procedure,
the level of anxiety was higher (P < 0.01) in patients having their
first BMAB.

3.2. Pain experience

The median pain score on the NRS at the injection of the local
anaesthetic was 3 (mean 3.5, range 0–10), the first-timers report-
ing higher scores than the others (P < 0.05). In eight patients (four
patients in the lidocaine 20 mg/ml group and four patients in the
articaine 20 mg/ml group), a second local anaesthetic infiltration
was made because of inadequate anaesthesia as tested by pricking
with the bone marrow aspiration needle.



Table 2
Number of patients with pain score P4, or <4, on the Numeral Rating Scale (NRS, 0 = no pain, 10 = worst imaginable pain) at different steps of bone marrow aspiration or biopsy.
There were no statistically significant differences between the groups.

Lidocaine 20 mg/ml (N = 51) Articaine 20 mg/ml (N = 50) Articaine 40 mg/ml (N = 49) Tot. (150 patients)

NRS < 4 NRS P 4 NRS < 4 NRS P 4 NRS < 4 NRS P 4 NRS < 4 NRS P 4

Puncture, no. of patients 39 (76.5%) 12 (23.5%) 38 (76.0%) 12 (24.0%) 43 (87.8%) 6 (12.2%) 120 (80.0%) 30 (20.0%)
Aspiration, no. of patients 22 (43.1%) 29 (56.9%) 28 (56.0%) 22 (44.0%) 26 (53.1%) 23 (46.9%) 76 (50, 7%) 74 (49, 3%)
Biopsy, no. of patients 6 (50.0%) 6 (50.0%) 9 (45.0%) 11 (55.0%) 10 (62.5%) 6 (37.5%) 25 (52.1%) 23 (47.9%)
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The median NRS pain score at the insertion of the aspiration
needle was 2 (mean 2.1, range 0–8), and at aspiration 3.5 (mean
3.9, range 0–10). The bone marrow biopsy was performed to 48 pa-
tients and the median NRS score at these biopsies was 3.0 (mean
3.5, range 0–10). Thirty patients (20.0%) reported 4, or higher pain
scores on the NRS during the puncture with the aspiration needle
(Table 2), with no significant difference between the groups. A still
larger proportion of the patients (49.3% and 47.9%, respectively)
found the BMAB to be painful (NRS score P 4).

In the articaine 40 mg/ml group there was a smaller proportion
of patients who experienced a considerable degree of pain (NRS
score P 4) at the puncture with the aspiration needle and at the
biopsy in comparison with the other two groups (Table 2), but this,
as well the pain experiences associated with the other procedural
steps in the three local anaesthetic groups were not statistically
significantly different.

3.3. Post-intervention interviews

In the 24-h telephone interview, 12 patients (8.0%) reported
that there was a small haematoma at the puncture site and two pa-
tients reported the occurrence of a small haemorrhage at the punc-
ture site. Median NRS of all patients at this time was 0.0 (mean
0.65, range 0–7). After the bone marrow examination 42 patients
started to feel pain at the puncture site in 6.2 h, on average, with
a median NRS score of 2.0 (mean 2.9, range 1–7). Fifteen of these
patients needed pain-medication within 24 h from the procedure,
mostly oral paracetamol or ibuprofen. Seventy-three patients
(48.7%) reported that the injection of the anaesthetic solution
had been less painful than expected. Ninety-five patients (63.3%)
told that the procedure had been less painful and after-pain expe-
rience had been less uncomfortable in 62 patients (41.3%) than ex-
pected. Sixteen patients (10.6%) thought that the procedure was
more painful and 15 patients (10.0%) experienced more pain after-
wards than they had expected. There were no significant differ-
ences between the local anaesthetic groups, but both the pain
during the aspiration procedure (P < 0.05) and the post-procedural
recollection of pain (P < 0.01) correlated significantly with pre-pro-
cedural anxiety. After 2 weeks, 143 patients (95.3%) reported good
general condition, median NRS was 0.0 (mean 0.15, range 0–7.5)
and 139 patients (92.6%) scored 0.

4. Discussion

There was no significant difference in the effect between the
three local anaesthetic solutions. At each stage of the performance
of the bone marrow sampling, starting from the initial local anaes-
thetic infiltration, there were several patients reporting strong pain
(NRS score P 4) in each group, including also a few patients in
each group with very strong or excruciating pain (NRS score 8–10).

The pain intensity during bone marrow aspiration correlated
with the degree of pre-procedural anxiety, as recently shown also
by Lidén and co-workers (2009), which again was inversely related
to how many times the patient had already experienced a BMAB,
i.e., the first-timers were more anxious and reported high pain
scores.
The rapid onset of action and the good bone penetrating ability of
articaine, which seems to benefit dental patients (Vree and Gielen,
2005), could not be demonstrated in our BMAB patients. In the case
of the bone penetrating puncture with the aspiration needle there
was a possible analgesic efficacy trend in favour of the stronger
articaine solution, i.e., only 12.2% of the patients reported pain
score P 4 in the articaine 40 mg/ml group while the corresponding
percentage was approximately the double in the other groups (NS).
Furthermore, none of the patients receiving articaine 40 mg/ml
needed another local anaesthetic infiltration, while this was needed
in four patients in each of the other groups. It cannot be excluded
that allowing the local anaesthetic to act longer than 2 min before
penetrating the bone, could have improved the anaesthetic effect.

The pain and discomfort which originate from stretching and
disruption of the innervated bone marrow (Calvo and Forteza-Vila,
1969; Mach et al., 2002) during the aspiration may be impossible
to eliminate only by local anaesthetic infiltration of the puncture
site. Relatively thick needles (14–16 G) are considered best suited
for the aspiration of large bone marrow blood volumes. On the
other hand, the biopsy needles are usually about twice thicker than
the aspiration needles, 8 G in our department. Although there was
a slightly lower proportion of patients in the articaine 40 mg/ml
group that reported strong pain (P4 on the NRS) during biopsy
compared to the other groups, conclusions cannot be made be-
cause of the variable time latency from local anaesthetic infiltra-
tion to the biopsy and due to the small number of biopsy patients.

The need for additional analgesics in BMAB has been stressed
repeatedly (Vanhelleputte et al., 2003; Steedman et al., 2006). Van-
helleputte and colleagues, who applied lidocaine 20 mg/ml for lo-
cal anaesthesia, were able to reduce the pain during bone
marrow aspiration significantly by premedicating the patient with
oral tramadol (Vanhelleputte et al., 2003). In their study, interest-
ingly, pre-procedural educational information about the procedure
or previous experience from the procedure did not seem to reduce
the pain. This contrasts our findings of less pain in the non-pre-
medicated patients with previous experience of the procedure.

Anxiety is related to higher pain perception both in experimen-
tal conditions in volunteers (Keogh et al., 2006) and in patients
undergoing surgery for breast cancer (Özalp et al., 2003). This log-
ical concept was clearly seen in our study, too, where those pa-
tients who had their first bone marrow examination were very
anxious and found the procedure more painful than the more
experienced ones.

4.1. Limitations

BMABs performed by senior haematologists are usually less pain-
ful than those performed by trainees (Vanhelleputte et al., 2003).
Since only 40 of the bone marrow examination procedures in our
study were performed by non-specialist haematologists (not ran-
domized), no detailed subgroup analysis regarding a possible rela-
tionship between the doctors’ procedural experience and patients’
pain and anxiety was made. The local anaesthetic infiltration and
the latency until the start of the bone marrow puncture were stan-
dardized and timed using a stopwatch by a research assistant, which
means that the experience (specialist vs. trainee) should not have
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any significant confounding impact at least on the quality of infiltra-
tion anaesthesia and on bone puncture-related pain results.

Rating the degree of anxiety on a verbal zero-to-four point scale
was probably too simplified because we did not score separately all
emotional and somatic signs and symptoms associated with anxi-
ety, as recommended e.g., by Spielberger and Vagg (1984). How-
ever, despite this simplification we were probably successful in
rating the general emotional state of the patients immediately be-
fore BMAB.

5. Conclusions

Infiltration of articaine 20 mg/ml, articaine 40 mg/ml and lido-
caine 20 mg/ml (all with adrenaline) produced similarly inade-
quate anaesthesia for BMAB. The infiltration of the potent local
anaesthetics at the site of the puncture was also often very painful.
A high level of overall anxiety correlated with the degree of pain
experienced during bone marrow aspiration.
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