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Abstract
This randomized double-blind controlled trial compared the block characteristics of three low-dose local anesthetics at 
different roots in an ultrasound-guided interscalene block, using thermal quantitative sensory testing for assessing the func-
tioning of cutaneous small nerve fibres. A total of 37 adults scheduled to undergo shoulder arthroscopy were randomized to 
receive 5 mL of either 0.5% levobupivacaine with and without epinephrine 1/200,000 or 0.75% ropivacaine in a single-shot 
interscalene block. Thermal quantitative sensory testing was performed in the C4, C5, C6 and C7 dermatomes. Detection 
thresholds for cold/warm sensation and cold/heat pain were measured before and at 30 min, 6, 10 and 24 h after infiltration 
around C5. The need for rescue medication was recorded. No significant differences between groups were found for any 
sensation (lowest P = 0.28). At 6 h, the largest differences in sensory thresholds were observed for the C5 dermatome. The 
increase in thresholds were less in C4 and C6 and minimal in C7 for all sensations. The analgesic effect lasted the longest 
in C5 (time × location mixed model P < 0.001 for all sensory tests). The time to rescue analgesia was significantly shorter 
with 0.75% ropivacaine (P = 0.02). The quantitative sensory findings showed no difference in intensity between the local 
anesthetics tested. A decrease in block intensity, with minimal changes in pain detection thresholds, was observed in the 
roots adjacent to C5, with the lowest block intensity in C7. A clinically relevant shorter duration was found with 0.75% 
ropivacaine compared to the other groups. Trial registration NCT 02691442.
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1  Introduction

Ultrasound guidance (USG) has optimized the performance 
of peripheral nerve blocks (PNB) by increasing the suc-
cess rate and decreasing complications [1]. One of the main 
advantages when using ultrasound-guided regional anesthe-
sia (UGRA) is, as Barrington et al. demonstrated, a reduc-
tion of local anesthetic (LA) volume and thereby a decreased 
incidence of local anesthetic systemic toxicity (LAST) [2]. 
Another advantage of UGRA when performing an inter-
scalene block (ISB) is a possible decrease in phrenic nerve 
palsy [3].

Furthermore, with UGRA, the exact site of injection 
can be determined and the spread of the LA solution 
around the targeted nerve can be visualized [4]. In the 
case of an Interscalene block (ISB) for shoulder surgery, 
the targeted root is C5 or the superior trunk before the 
suprascapular nerve, which innervates the upper part of 
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the shoulder joint, branches out of the brachial plexus. 
The inferior, lateral and anterior structures of the joint 
are innervated by the axillary nerve branching out of the 
posterior cord. There are also contributions from the sub-
scapular nerve branch of the posterior cord and from the 
lateral pectoral nerve branch of the lateral cord, and all 
these nerves originate from the C5 and C6 roots [5].

Pain after shoulder surgery can be a serious problem. 
The reason for this is the richly innervated joint. A-δ and 
C-fibres directly transmit continuous deep somatic pain, 
whereas reflex A-α stimulation at the same spinal cord seg-
ments results in severe muscle spasm in the peri-articular 
region [6–9]. Adequate pain relief seems crucial for early 
rehabilitation and a single shot ISB seems to be the tech-
nique of choice [10]. Over the past decade, many studies 
have emphasized a reduction in LA volumes in ISB and the 
subsequent reduction in hemi-diaphragmatic paresis [3, 
11, 12]. The primary goal of a PNB is to provide adequate 
pre- and/or post-operative pain relief with minimal side 
effects and/or complications. The downsides of reducing 
LA volumes in a single-injection ISB include the possibil-
ity of a shortened block duration and a reduction in anti-
nociceptive intensity and extent. Traditional techniques 
to evaluate sensory effects of nerve blocks, e.g., pinprick 
tests, are not gradual, mostly subjective, can depend on 
the intensity of the application and are less discrimina-
tory between different fibres. We therefore used the novel 
and repeatable technique of thermal quantitative sensory 
testing (QST) to objectively, reliably and gradually assess 
the anti-nociceptive intensity, duration, and extension of 
the applied nerve block [13]. QST applies thermal stimuli, 
such as cold (CS) and warm sensations (WS), cold-induced 
pain (CP) and heat-induced pain (HP), to assess the func-
tioning of small fibres, specifically A-δ and C-polymodal 
nociceptors responsible for thermal sensation and pain 
detection and its transmission to the spinal cord and cen-
tral nervous system, in a semi-objective and reproducible 
manner [14, 15]. QST has been used to evaluate small 
nerve neuropathies caused by drugs [16]. The rational to 
use QST to measure the effects of local anesthetics was 
the fact that they can be considered to cause a reversible 
neuropathy and this can be measured with QST [13]. QST 
has several advantages: it is a graded evaluation due to 
the quantifiable responses and provides objective evalua-
tion compared to the classical clinical examination. Unlike 
the evaluation of neuropathies in chronic pain, there is no 
gold standard for the evaluation of RA. Comparison of the 
QST method with known techniques, such as pinprick, is 
impossible for several reasons; pinprick assessment would 
influence successive measurements, and repeated mechani-
cal stimulation induces increased mechanical perception 
and leads to habituation mechanisms, thereby lowering 
mechanical thresholds [14, 17].

Generally, when comparing potency of the different long 
acting LAs, previous studies suggest a decreasing rank: 
racemic bupivacaine > levobupivacaine > ropivacaine. This 
difference seems more evident when using lower concen-
trations [18]. Previous studies comparing bupivacaine with 
ropivacaine or levobupivacaine were done with higher vol-
umes [19–23]. Most studies carried out before the era of US, 
which now make it possible to consistently inject at a similar 
location in the plexus. Few studies have been performed with 
low volumes [3, 11]. Moreover, none of these studies used 
QST for evaluation.

2 � Methodology

Approval for this single-centre, prospective, randomized, 
double-blind study was obtained from the local Ethical Com-
mittee (no. 10/45/315). The study was performed in a Uni-
versity Hospital from December 2010 through April 2014. 
This study was performed in accordance with the recom-
mendations of good clinical practice. Adult patients sched-
uled for diagnostic and therapeutic shoulder arthroscopy 
were eligible. Patients with contraindications to non-ste-
roidal anti-inflammatory drugs (NSAIDs) or ISB and those 
with diabetes mellitus, peripheral neuropathy or receiving 
chronic analgesic therapy (analgesics for > 3 weeks) were 
excluded. An anesthesiologist assessed the patients during 
the pre-operative consultation; if the patient met the inclu-
sion and exclusion criteria and signed the informed con-
sent form, they were enrolled in the study. Patients stopped 
using all analgesics 12 h before surgery. Lorazepam (1 mg) 
was administered orally as premedication in every patient 
included in this study protocol.

2.1 � Randomization technique

After providing their written informed consent, the patients 
were randomly assigned to receive an ultrasound-guided 
interscalene brachial plexus block (US-ISB) with one of 
three LA solutions. Sealed envelopes, prepared by an inde-
pendent researcher who was never involved in the patient 
care during the study procedure, randomly allocated the 
participants to one of the three study groups: 0.5% LBup 
(0.5% levobupivacaine), 0.5% LBupEpi (0.5% levobupiv-
acaine with 1/200,000 epinephrine), or 0.75% Rop (0.75% 
ropivacaine) (Fig. 1). The randomization technique for this 
study did not involve the use of stratification or blocks.

A blinded research nurse entered the patients’ gender, 
age and dermatome data in the thermal sensory analyser 
before the first test. The software of the QST-analyser 
(Win TSA 5.32, Medoc Ltd., Ramat Yishai, Israel) used 
gender, age and dermatome to identify the corresponding 
normative values for the different thermal thresholds [14, 
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24]. Patients with initial QST findings indicating the pres-
ence of hyper- or hypo-sensory phenomena were excluded 
from participation.

The sealed envelope was given to the unblinded study 
group member, who prepared the medication in a room adja-
cent to the operating theatre. Patients, the independent data 
recorder and the physician performing the ISB were unaware 
of the LA solution used.

We used low-volume, high-concentration, long-act-
ing LA for maximal duration of the analgesic effect via a 
single-injection ISB [18, 25]. We then recorded the QST 

parameters, including WS, CS, HP, and CP, at different time 
points after the LA injection.

2.2 � Quantitative thermal testing

Thermal QST (TSA-II—NeuroSensory Analyser, Medoc 
Ltd., Ramat Yishai, Israel) was performed within dermato-
mes C4 through C7. The thermode was placed and fixed in 
position with a band on the dermatomes to be tested and 
induced a gradual change in temperature starting at a base-
line of 32 °C. Changes in the intensity and the direction of 

Assessed for eligibility 
(n=112)
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Allocation

Enrollment

Excluded (n=75)
Not meeting inclusion criteria (n=5)
Declined to participate (n= 37)
Other reasons (n=33)

Allocated to group levo (n=13)
Received allocated intervention
(n=13)

Allocated to group levo+E 
(n=12)
Received allocated intervention
(n=12)

Allocated to group ropi (n=12)
Received allocated intervention
(n=12)

Lost to follow-up (n=0)
Discontinued intervention (n=3) 
3 patients had aberrant QST

Lost to follow-up (n=0) 
Discontinued intervention (n=2) 
1 patient had open cuff repair;   
1 patient had aberrant QST

Analysed (n=10)

Lost to follow-up (n=0)
Discontinued intervention (n=2) 
2 patients had open cuff repair

Analysed (n=10)

Follow-up

Analysis

Analysed (n=10)

Fig. 1   Consort 2010 flow diagram
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the current flow (Peltier principle) resulted in ascending 
or descending changes in the surface temperature of the 
test thermode at a rate of 1 °C/s for non-noxious sensa-
tions and 1.5 °C/s for painful stimulations. Patients set 
threshold values by pressing a button when they detected 
a change in temperature or pain (method of limits). Detec-
tion thresholds for non-noxious cold and warm sensations 
(representing A-δ fibres and C-fibres, respectively) were 
recorded first. Detection thresholds for cold and heat pain 
(both representing A-δ and C-fibres) were subsequently 
documented. To avoid skin injury, increases and decreases 
in temperature were stopped for pain sensations at 50.5 °C 
for heat and 0 °C for cold.

Thermal QST was performed 1 h before US-ISB (base-
line recording) and then 30 min, 6, 10, and 21–24 h after 
LA infiltration. Sensory testing was also performed in the 
contralateral C5 dermatome, which served as an intra-
participant control. Five measurements were obtained for 
CS/WS and three measurements for CP/HP at every der-
matome. The means of the measurements for each sensa-
tion/pain were used. The controls used in this protocol 
included the measured thresholds of all ipsilateral der-
matomes before performing the US-ISB and all thresh-
olds of the unblocked contralateral C5 dermatome at every 
interval. We determined the WS/CS and HP/CP detection 
thresholds by applying the reaction-inclusive method of 
limits. Individual baseline values were determined pre-
block, and the contralateral C5 QST values served as refer-
ence values during each time point. The effect of applying 
regional anesthesia (RA) was assessed by evaluating the 
differences in detection thresholds for these non-noxious 
thermal stimuli. The degree of hypoesthesia was expressed 
as a change of the detection threshold between the baseline 
(32 °C) and maximal level (50.5 °C for WS and 0 °C for 
CS) [14, 26].

In addition, the timing of rescue medication was part 
of the evaluation as a clinical parameter to measure block 
efficacy. Since the patient did not receive specific guide-
lines concerning use of rescue medication, the need for, 
the timing of rescue analgesic medication as the VAS were 
noted in the medical records. The rescue medication con-
sisted of 1 g of intravenous (IV) paracetamol and 30 mg 
of IV ketorolac. Measurement time points in our patient 
population were based on full recovery of cognitive func-
tion after general anesthesia using short-acting anesthet-
ics. Data from the left and right sides of the body were 
combined for absolute reference data [14]. Patient demo-
graphics and medications were also noted. Assessment of 
motor block was derived from the technique described by 
Bromage on a three-point scale. A score of 2 means no 
motor block, while a score of 1 means decreased motor 
strength and a score of 0 means complete motor block with 
an inability to move [13, 27].

2.3 � Regional anesthesia technique

An US-ISB was performed with an injection at the level of 
the emerging fifth cervical nerve root by a single physician 
(LS, > 3000 US-guided blocks before starting this study). 
Under sterile conditions, a linear 18-MHz US-transducer 
(Focus 400, BK Ultrasound, Herlev, Denmark) and a 22G 
needle (Sonoplex 50 mm, Pajunk, Geisingen, Germany) 
were used in an in-plane needle, peri-plexus approach. We 
performed a peri-plexus approach to avoid subepineural 
injection, which could damage the root and/or influence our 
results [28, 29].

The C5 root was localized by identifying the transverse 
processes of C7, C6 and C5. The needle was positioned 
lateral and inferior to the C5 root, where 5 mL of the LA 
was slowly injected after aspiration for blood detection and 
avoiding intravascular injection.

2.4 � General anesthesia technique

General anesthesia was induced after the second QST test, 
which was performed 30 min after the ISB. A standardized 
induction using 2 to 3 mg/kg propofol, 3 µg/kg fentanyl and 
0.5 mg/kg rocuronium for endotracheal intubation was fol-
lowed by sevoflurane maintenance. NIBP, ECG, SpO2 and 
CO2 were monitored before induction and at 5-min intervals 
after intubation until the end of the procedure. Supplemental 
opioid increments were administered when the pre-induction 
blood pressure increased by > 25%.

2.5 � Outcome parameters

The objective of this study was to compare the block char-
acteristics, such as onset, intensity and duration when a low 
volume of various LA solutions was injected for ISB. In 
particular, our primary outcome parameter was to assess dif-
ferences between the groups for QST measurements at C5.

We further aimed, as a secondary outcome, to observe the 
difference in evolution of QST thresholds over time between 
the groups and the locations, which is translated as the inter-
action term group by time and location by time in a statisti-
cal model. Finally, we aimed to compare the time to first 
administration of supplemental analgesia, our third outcome.

2.6 � Power analysis

Based on the findings of the previous studies we antici-
pated a difference of 5 °C in thermal threshold between 
study groups with a deviation of at least 4 °C. To find such 
a difference at one dermatome, at a certain time point, 10 
patients per group are needed, to achieve a power of 80% 
with a type 1 (a) error of 0.05 (PASS). With this sample 
size, and the same assumption of a difference of 5 °C in at 
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least one dermatome at one of the measured time points, we 
tested for an interaction effect between time and group in a 
mixed effects model with 80% power and type I error 0.05 
(GLIMMPSE) [30]. The correlation between measurements 
of the same individual is assumed to be 0.6, with a decay 
rate of 0.1.

2.7 � Statistical analysis

Data are reported as the means and standard deviations, 
when normally distributed, and otherwise as medians with 
lower and upper quartiles. Categorical variables are sum-
marized as numbers and percentages. For the comparison 
of the time to rescue medication [and the visual analogue 
score (VAS) score at that time] in the three groups, the 
Kruskal–Wallis and pairwise Mann–Whitney U tests were 
used. The number of patients with motor blocks was com-
pared between the groups using the Fisher exact test.

Because the increases and decreases in temperature were 
stopped at 0 °C for CS and CP and at 50.5 °C for WA and 
HP, the detection thresholds were left- and right-censored, 
respectively. For these data, we used the non-linear mixed 
model described by Thiébaut [31]. This model assumes that 
sensation and pain thresholds are normally distributed, while 
incorporating censoring below 0 °C or above 50.5 °C. Corre-
lation between measurements in the same subject was taken 
into account by adding a nested random intercept for each 
subject’s location within the time point. The fixed effects in 
this model included categorical time, group and location. 
Initially, all two- and three-way interactions were added, and 
a stepwise reduction procedure was applied based on the 
Akaike information criteria (AIC). In this way, in all four 
models (CS, WS, CP, HP), the fixed effects could be reduced 
to time, group, location and interaction between time and 
location.

Statistical analyses were performed using SAS 9.2 (SAS 
Institute, Cary, North Carolina, USA). P < 0.05 was consid-
ered as statistically significantly different.

3 � Results

A total of 37 patients were randomized. Seven patients were 
excluded, including 4, due to pre-existing abnormal QST 
findings measured pre-procedure and 3, due to conversion 
from arthroscopy to open rotator cuff repair surgery. Thirty 
subjects completed the study without untoward reactions 
(Fig. 1: CONSORT Flow Diagram).

The study subjects’ demographic parameters are dis-
played in Table 1.

The mixed model shows differences over time at C5 for 
all measured QST parameters (CS, WS, CP, HP) supporting 

the effectiveness of the RA technique with this small LA 
volume.

Differences between the dermatomes (C4, C5, C6, C7) 
were observed (PLocation < 0.001), demonstrating the selec-
tivity for nerve roots with this small dose of LA solution. 
6 h after injection, the largest differences in sensory thresh-
olds (CS and WS) could be observed at the C5 dermatome 
(Figs. 2, 3). [Graphics of all neurosensitive/nociceptive 
responses are available as Supplemental Material (Addi-
tional File 2)].

P values were calculated separately for time in between 
injection and QST measurement, (Ptime), cervical root 
(Plocation) and drug group (Pgroup) or a combination of 
these factors. The analgesic effect lasted the longest in 
C5 (Ptime × location < 0.001 for all sensory tests). This result 
demonstrates that root-specific blockade was established 
when injecting a small volume of LA solution in close 
proximity to the nerve root. No significant differences were 
observed between the study drug groups for any sensation 
(lowest Pgroup = 0.28). Furthermore, the sensory effect was 
similarly spread among dermatomes for all three drugs 
(Pgroup × location = 0.05 for HP, Pgroup × location > 0.27 for the 
other tested sensations, therefore group x location was not 
included in the final model). This result indicates equality in 
sensation and thus reveals no difference in anti-nociceptive 
effects of the three tested study drugs.

Differences were observed between the time points, i.e., 
the intensity of the block changed over the time course of 
the 24-h study period (Ptime < 0.001) and varied for different 
locations (Ptime × location < 0.001). As indicated in the figures 
the thresholds at different time points per location reveal no 
differences for contralateral C5 dermatomes, and only small 
differences for C7, while large differences are observed for 
C4, C5 and C6. Differences in the change in analgesic inten-
sity were similar for each study drug (WS Ptime × group = 0.03; 
CS, HP, CP: Ptime × group = NS, therefore time × group was not 
included in the final model). The three-way interaction time 
× location × group was not significant in the four models 
(Ptime × location × group > 0.21). All mixed model values of nerve 
blockage effects over time, per dermatome and per study 

Table 1   Demographics

Data are expressed as mean (sd) or number (%)

0.5%LBup 0.5%LBupEpi 0.75%Rop

Sample size 10 10 10
Sex
 Female 7/10 (70%) 10/10 (100%) 6/10 (60%)

Age (year) 47.9 (14.4) 46.5 (12.4) 48.7 (8.8)
Height (cm) 1.72 (0.11) 1.62 (0.06) 1.70 (0.09)
Weight (kg) 75.7 (10.7) 62.1 (10.8) 71.9 (12.3)
BMI (kg/m2) 25.5 (3.2) 23.4 (3.3) 24.9 (3.7)
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group are available as Supplemental Material (Additional 
File 1).

The time to the first need for supplemental analgesia, as 
requested by the patient, ranged from a median of 8 h 28 min 
(IQR 6 h 15–10 h 50) for 0.75%Rop to a median of 11 h 
50 min (IQR 10 h 52–12 h 50) for 0.5%LBupEpi; the median 
time for patients receiving 0.5%LBup was 11 h 20 min (IQR 
8 h 30–13 h 38). The difference between 0.75%Rop and 
0.5%LBupEpi was significant (P = 0.02). The median VAS 
score for pain did not differ between the three study groups 
(P = 0.12) (Table 2).

4 � Discussion

Thermal QST enables the assessment of RA-induced soma-
tosensory block, and particularly the block characteristics 
over time, by separately testing the small fibres responsi-
ble for nociception. Using QST methods, we could map 
the course of the US-ISB, including its intensity, duration 
and root selectivity. The three study drugs tested showed 
comparable nerve blocking effects in terms of intensity. 
Our results demonstrated the utility of cervical root-specific 
nerve blockade with a small volume of LA.

QST can quantitatively measure RA-induced somatosen-
sory block over time. This technique, which is used to evalu-
ate neuropathies in chronic pain by objectively measuring 
abnormalities in the functioning of the cutaneous soma-
tosensory small fibres, was used to gradually determine the 
effects of an ISB on different roots by measuring the effects 
on their respective dermatomes [13, 32]. This quantitative, 
semi-objective approach is in sharp contrast to evaluation 
techniques that are commonly used in clinical settings, 
such as the pinprick and cold sensation with ether methods. 
Since QST is far more precise and less subjective than pin-
prick methods, it is possible to relate differences in sensory 
thresholds recorded by this technique to clinically significant 
outcome parameters such as patient comfort, or the need 
for rescue analgesic drugs [32, 33]. As a result, predefined 
thresholds can be used to reliably calculate sample sizes 
for future research. Currently applied outcome parameters 
such as the VAS and opioid/rescue analgesic consumption 
measures are indirect, subjective and surrogate markers for 
peripheral nerve block characteristics and therefore require 
larger sample sizes to filter out subject-related and investi-
gator-related biases.

Using QST and following strict methodological protocols, 
we could indirectly and reliably assess the functionality of 

Fig. 2   Cold sensation. Time 
course of the neurosensory 
changes in detection thresholds 
for the cold sensation (Tem-
perature in °C) in the differ-
ent dermatomes for the three 
anesthetic solutions (0.5%Bup, 
0.5%BupEpi, 0.75%Rop) meas-
ured with quantitative sensory 
testing (mean, standard devia-
tion). The increases in thresh-
olds are significant as compared 
to pre-injection thresholds 
(Ptime < 0.001, post-hoc differ-
ences versus baseline < 0.05 
for all locations). Detection 
thresholds between the three 
local anesthetics did not differ 
significantly (Pgroup 0.70)
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small fibres, particularly the A-δ and C-polymodal nocicep-
tors responsible for thermal sensation and pain detection, 
as well as their transmission to the spinal cord and central 
nervous system [14, 15]. Defrin et al. suggested that pain 
quality and thresholds are related to the simultaneous activa-
tion of both nociceptive and non-nociceptive pathways, as 

well as the interactions between them, and that the quality of 
nociception is determined by central neurons integrating the 
information arriving from these two pathways, and this con-
duction system can be evaluated with thermal QST [34, 35].

In a previous study that used the same psycho-physical 
testing methodology, we suggested the importance of the 

Fig. 3   Warm sensation. Time 
course of the neurosensory 
changes in detection thresholds 
for the warm sensation (Tem-
perature in °C) in the different 
dermatomes (C4, C5, C6, C7) 
for the three anesthetic solutions 
(I = 0.5%Bup, II = 0.5%BupEpi, 
III = 0.75%Rop) measured with 
quantitative sensory testing 
(mean, standard deviation). 
The increases in thresholds 
are significant as compared to 
pre-injection thresholds (Ptime 
< 0.001, post-hoc differences 
versus baseline < 0.05 for all 
locations). Detection thresholds 
between the three local anes-
thetics did not differ signifi-
cantly (Pgroup 0.30)

Table 2   Clinical parameters for the different drugs

The differences between the three groups with respect to time to rescue medication and motor blockade at 24  h are not significant, since 
groups are small. However, the differences are clinically relevant. Pairwise analysis shows a significant difference for time to rescue medica-
tion: 0.75%Rop has a significant shorter time to rescue medication than 0.5%LbupEpi (P = 0.02) and no significant differences with 0.5%Lbup. 
Assessment of motor block was derived from the technique described by Bromage on a three-point scale. A score of two means no motor block, 
while a score of one means decreased motor strength and a score of 0 means complete motor block with an inability to move

Pooled groups 0.5%Lbup 0.5%LBupEpi 0.75%Rop P-value

Time to rescue medication
 Median (Q1–Q3) 10:54 (8:21–12:50) 11:20 (8:30–13:38) 11:50 (10:52–12:50) 8:28 (6:15–10:50) 0.0711

VAS
 Median (Q1–Q3) 6 (5–7) 5 (1–7) 6 (5–7) 7 (6–7) 0.1165

Motor block 10 h
 Number of patients with lim-

ited or normal abduction
7/30 (23%) 4/10 (40%) 1/10 (10%) 2/10 (20%) 0.4297

Motor block 24 h
 Number 10/30 (33%) 6/10 (60%) 3/10 (30%) 1/10 (10%) 0.0800
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injection site for the intensity of the block in different nerve 
roots. Even with high volumes, we could measure a differ-
ence in block intensity with differences in the injection site 
[13].

Our results did not indicate any significant difference 
in the block characteristics of the LA solutions we stud-
ied in the C5-dermatome. However, reducing the volume 
of injected LA emphasized the importance of the role of 
the injection site; when injecting a volume of 5 mL of LA 
around C5, we obtained a more selective block of this root, 
with a smaller increase in thresholds in the closest C4 and 
C6 and with no increases in thresholds in C7, more distant 
from the injection site. As shown in Figs. 2 and 3, the results 
for CS and WS in C5 at 10 h seem to reflect a shorter dura-
tion of action for 0.75%Rop in this time window, although 
the difference was not statistically significant. Due to the 
interval of several hours between QST measurements, the 
exact recovery time point may not have been observed. In 
addition, in the 0.75%Rop group, the time to supplemen-
tal analgesia was significantly shorter, and pairwise tests 
showed a difference when comparing 0.5%LBupEpi with 
0.75%Rop (P = 0.02), indicating a shorter duration of action 
for 0.75%Rop [18, 36]. The shorter time to rescue medica-
tion in the 0.75%Rop (mean 8h28) may have influenced the 
QST measurements of the 10 h- and “post”-time points in 
this group. A faster ceiling in the sensation thresholds of the 
adjacent roots of C5 is observed in the 0.5% LBup group 
without repercussion on the pain thresholds.

We measured a difference in intensity among the vari-
ous adjacent roots, demonstrating the importance of the 
injection site in obtaining a high quality and long-lasting 
analgesic block. More specifically, in the case of shoulder 
surgery, small volumes need to be injected near C5 or the 
superior trunk. The reduced sensations thresholds as meas-
ured by QST at C6 seems to have no effect on the analge-
sic efficacy, as experienced by the patients and as reflected 
in the pain thresholds of C6, which are proportionally less 
reduced (Additional File 2). We have no clear explanation 
for the finding of a different threshold after 0.5% Bupi on 
C6 (see Figs. 2, 3). The reduced block intensity in C6 could 
be a reason for the faster recovery and shorter duration of 
low-volume ISB for shoulder surgery. The expedited recov-
ery may be perceived as pain at the time of ISB recovery, 
but does not reflect inadequate analgesia at peak effect time 
(Additional File 2). Moreover, an injection of a low volume 
of LA in a more distal ISB approach could miss the supras-
capular nerve and considerably reduce the analgesic effects 
in the upper part of the shoulder joint [37]. The rationale for 
adding epinephrine to a low dose of levobupivacaine (When 
starting this study, Ropivacaine was already known to have 
intrinsic vasoconstrictive properties [38, 39]) was to look 
for any change in analgesic effect. Whether the effect of epi-
nephrine with long-acting LA is simply due to a decreased 

systemic uptake, leading to a greater effect, or because of 
any analgesic property of epinephrine itself, is not exactly 
known. In an ISB local spread could reach the substantia 
gelatinosa of the spinal cord and have an effect on alpha-
2-adrenoreceptors. Even if these effects are minimal with 
long acting LA solutions and low volumes probably have 
less spread to the epidural space, this has never been tested 
with QST [40–43].

4.1 � Limitations

The principle limitation of this study is the small number 
of patients recruited. Our study compares three low doses 
of LA solution for their analgesic effects following shoul-
der arthroscopy. In the patients studied, we were unable to 
show any significant difference in neurosensitive/nocicep-
tive responses between the LAs, even if subtle differences 
are likely to exist. In order to statistically demonstrate any 
differences in block characteristics large sample sizes would 
have been required [44]. Such samples would exceed avail-
able resources—investigators are limited by both resources 
and time. We selected our population carefully using rigid 
inclusion criteria to reduce patient variability. In addition, 
such studies expose the patients to certain risks, even if the 
RA blocks are performed by an experienced skilled clini-
cian. This raises ethical concerns if sufficient numbers 
are to be included for the sake of demonstrating statistical 
significance, especially if the clinical relevance of this is 
questionable.

Only a clinical difference in duration could be 
demonstrated.

Second, the standardized protocol and the time(-lapse) 
needed to perform the evaluation with QST limits the meth-
od’s utility in clinical practice. QST is a time-consuming 
and labour-intensive technique for assessing the analgesic 
effects of local anesthetics and is therefore likely limited to 
a research setting.

Third, since multiple evaluations with QST might induce 
hypersensitivity and conditioning the number of tests are 
limited. Moreover, as patient cooperation and attention are 
mandatory for QST, these tests are quite impossible dur-
ing normal sleep periods, resulting in a lack of data during 
recovery of the block [15, 45, 46].

Despite these limitations, in a specific setting, QST could 
allow accurate predictions of adequate sample sizes when 
designing studies in this field of research.

5 � Conclusion

We performed a selective ultrasound-guided interscalene 
blockade of one nerve root, namely C5, with 5 mL of differ-
ent long-lasting LA formulations with a measured reduced 
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blockade of the adjacent roots. We found no differences 
between LAs in the QST pattern at C5. As reflected by QST 
at 10 h (CS), 0.75%Rop showed a clinically relevant dif-
ference in block duration when compared to the other LAs 
(Figs. 2, 3). A reduction in block intensity and the faster 
recovery in C6 could be the reason for the shorter dura-
tion of clinical analgesia for shoulder arthroscopy. QST 
measurements suggest that we cannot reduce the volumes 
of LA indefinitely without an effect on clinical pain relief. 
Moreover, the knowledge of anatomy and the interpretation 
of sono-anatomy should help determine the exact injection 
site when using low volumes of LA to produce the desired 
analgesia.
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