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Conclusions Our present findings reveal that topical 
application of cream containing nonivamide and nicoboxil 
to the thighs of cyclists prior to a 4-km time-trial does not 
improve their power output, saturation of the m. vastus 
lateralis with oxygen, oxygen uptake, heart rate, cardiac 
parameters, or perceived level of exertion.
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Abbreviations
ANOVA  Analysis of variance
Hb  Haemoglobin
HbO2  Oxy-haemoglobin
HR  Heart rate
NIRS  Near-infrared spectroscopy
RPE  Rating of perceived exertion
TSI  Tissue saturation index
TT  Time trial
VO2peak  Peak oxygen uptake
W  Watt

Introduction

During cycling, the delivery of oxygen appears to exert a 
significant impact on the development of fatigue (Delp and 
Laughlin 1998; Abbiss and Laursen 2005), and indeed, 
physical performance involving peak or almost peak oxy-
gen uptake is limited by systemic oxygen delivery, espe-
cially to the locomotor muscles (Saltin and Calbet 2006). 
In connection with cycling, the circulatory and metabolic 
situation of the working muscle are influenced by the inten-
sity of work, e.g., the delivery of oxygen to the m. vastus 
lateralis is significantly impaired during the downward 

Abstract 
Purpose Topical application of nonivamide–nicoboxil 
cream to resting legs has been shown to enhance the level 
of oxygenated haemoglobin in leg muscles 15 min later. 
Here, we examined whether such application improves the 
performance of experienced cyclists in a subsequent 4-km 
time-trial.
Methods Nine male cyclists [26 ± 8 years; 176 ± 9 cm; 73.5  
± 12.8 kg; peak oxygen uptake: 50.7 ± 4.0 mL min−1 kg−1 
(mean ± SD)] performed three 4-km time-trials on an 
ergometer with either topical application of nonivamide–
nicoboxil cream (CREAM) or cream without active com-
ponents (SHAM) to both their thigh muscles or no applica-
tion (CONTROL).
Results Only the skin temperature immediately before 
and after the time-trial was higher with cream than SHAM 
and CONTROL (best p < 0.001, best d = 1.16). All other 
parameters evaluated, i.e., the average power output during 
the time-trial (p > 0.05, best d = 0.08), the tissue saturation 
index of the m. vastus lateralis (p > 0.05, best d = 0.57), 
cardiac output, heart rate, oxygen uptake, blood lactate con-
centration, and perceived exertion (p > 0.05, best d = 1.1) 
were similar under all three conditions.
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pedal stroke due to intramuscular occlusion (Takaishi 
et al. 2002), which simultaneously hinders the delivery of 
substrates and promotes fatigue (Allman and Rice 2002; 
Noakes et al. 2001; Delp and Laughlin 1998).

Recently, it has been shown that topical application of 
nonivamide–nicoboxil cream elevates the level of oxygen-
ated haemoglobin and tissue oxygen saturation in the skin, 
as well as the concentration of oxygenated haemoglobin in 
muscle following 15 min at rest (Warnecke et al. 2014). As 
described previously (Warnecke et al. 2014), nonivamide 
(N-vanillyl–nonamid) is a synthetic agent related to capsai-
cin that in combination with esters of nicotinic acid, such 
as nicoboxil induces hyperaemia in the area to which it is 
applied. Near-infrared spectroscopy reveals a reduction in 
blood flow to the legs during cycling (Takaishi et al. 2002), 
and topical application of nonivamide–nicoboxil cream 
elevates the level of oxygenated haemoglobin in calf mus-
cles. Thus, the question arises as to whether cycling perfor-
mance [e.g., in connection with a 4-km time-trial (TT)] can 
be improved by the simple, socially acceptable and inex-
pensive ergogenic strategy of applying this cream prior to 
the trial.

To the best of our knowledge, this question has not yet 
been addressed, and therefore, the present investigation 
was designed to test the hypothesis that TT performance 
by moderately to well-trained cyclists can be augmented by 
prior topical application of nonivamide–nicoboxil cream.

Methods

Participants

The nine experienced cyclists and triathletes [age: 26 ± 8  
years; height: 176 ± 9 cm; body mass: 73.5 ± 12.8 kg; peak 
oxygen uptake: 50.7 ± 4.0 mL min−1 kg−1 (mean ± SD)] 
who participated all had extensive experience with the lab-
oratory procedures employed here, as well as 5–14 years 
experience of cycling and TTs. Each was informed in detail 
about the protocols and provided his written consent to par-
ticipate. All procedures were preapproved by the institute’s 
ethics committee and conducted in accordance with the 
Declaration of Helsinki.

Procedures

During the first visit to the laboratory, each athlete per-
formed a step test on a bicycle ergometer to determine 
his VO2peak and, 2 h later, a 4-km TT involving maximal 
exertion to familiarise himself with the test procedures. 
VO2peak was determined by pedalling at a constant, freely 
chosen frequency >80 min−1, first for 3 min with no resist-
ance (baseline) and, thereafter, with a stepwise increase 

(20 W min−1) in power output, accompanied by enthusias-
tic verbal encouragement, until the pedalling frequency fell 
below 65.

On the second, third, and fourth visits, which were 
7 days apart, the participants performed the actual 4-km 
TT, either with application of nonivamide–nicoboxil cream 
(Finalgon, Boehringer Ingelheim GmbH, containing 0.17 % 
nonivamide and 1.08 % nicoboxil, refereed to hereafter as 
CREAM) or a placebo cream with no active components 
(Shea body lotion, alverde Naturkosmetik Dm-drogerie 
markt GmbH & Co. KG, SHAM) to both thighs (approxi-
mately 750 mm3, equivalent to 3 cm of cream) or no appli-
cation (CONTROL) in randomized order. All cyclists were 
instructed to be adequately hydrated and refrain from con-
suming alcohol or caffeine for at least 24 h prior to carrying 
out. The testing procedure is shown in Fig. 1.

After a 3-min warm-up cycling at 1.5 W kg−1, the cream 
was applied, and the participants then continued warming 
up for another 10 min at 1.5 W kg−1. Thereafter, each per-
formed the 4-km TT on his own racing bike mounted on a 
cycle ergometer with electrical braking (Cyclus II Ergom-
eter, Avantronic Richter, Leipzig, Germany) and software 
that provided the mean power output for the entire trial.

Blood was sampled from the right earlobe for analysis 
of lactate (Lactate Pro 2, Arkray KDK, Kyoto, Japan) at 
baseline, following 3 and 10 min of warm-up, and after the 
TT. At these same time-points, rating of perceived exertion 
(RPE) was assessed employing the 6 to 20-point Borg scale 
(Borg 1970).

Oxygen uptake was monitored continuously with an 
open-circuit breath-by-breath spirograph (MetaMax 3B, 
Cortex Biophysik, Leipzig, Germany), employing stand-
ard algorithms to compensate for the time delay between 
gas consumption and the signal. This analyser was cali-
brated prior to each test with both 15.8 and 5 % O2 in N2 
(Praxair, Düsseldorf, Germany), i.e., concentrations that 
cover the range of the expected fractional concentration 

Fig. 1  Illustration of the testing procedure. Cardiorespiratory param-
eters and the tissue oxygenation index were monitored continuously. 
The dotted arrows indicate the time-points at which blood lactate 
concentration and skin temperature were measured and RPE assessed
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of O2. The volume sensor was calibrated with a precision 
3-L syringe (Cortex Biophysik, Leipzig, Germany). Aver-
age 30-s respiratory values were calculated, and the oxygen 
uptake during the final 30 s of the step test was defined as 
peak oxygen uptake (VO2peak). One minute prior to warm 
up, baseline respiratory values were determined with the 
cyclist sitting on his bike. The values at baseline, following 
3 and 10 min of warm-up and during the last minute of the 
TT, were subjected to statistical analysis.

Tissue levels of oxy-[HbO2] and deoxy-[HHb] haemo-
globin were monitored with a portable near-infrared spec-
trophotometer (NIRS; wavelengths: 760–840 nm; Porta-
mon, Artinis Medical Systems, Zetten, The Netherlands) 
attached with a 10 × 10-cm adhesive patch across the 
widest part of the left vastus lateralis muscle, as described 
previously (Sperlich et al. 2013). A marker was utilised to 
allow positioning of this sensor at the same location for 
each subsequent trial. The tissue saturation index (TSI, cal-
culated as [HbO2]/([HbO2] + [HHb]) × 100 and expressed 
as  %), which reflects muscle oxygenation more accurately 
than [HHb] (Wolf et al. 2007; Buchheit and Ufland 2011), 
provided an indicator of the balance between oxygen sup-
ply and consumption. The TSI values at baseline, after 3 
and 10 min of warm-up and during the final minutes of the 
TT, were subjected to statistical analysis.

As described earlier (Charloux et al. 2000; Richard et al. 
2001), six electrodes were attached to the participant’s 
upper body in accordance with the manufacturer’s instruc-
tions to obtain an electrocardiogram (ECG) and to monitor 
HR and myocardial variables continuously (Physio Flow, 
Manatec type PF05L1, Paris, France). HR was determined 
on the basis of the R–R interval, obtained as the first deriv-
ative of the ECG (dECG/dt), which is more stable than the 
ECG signal itself. Cardiac output was calculated using the 
formula:

 where SVRi is the index of systemic vascular resistance 
and BSA is the body surface area calculated according to 
Haycock and colleagues (Haycock et al. 1978).

Skin temperature was assessed from thermal images 
(Testo 880, Testo GmbH, Vienna, Austria) of the thigh 
taken at baseline, following 3 and 10 min of warm-up and 
immediately after the TT. These images were analysed 
using the camera’s software (IRsoft Version 3.1 SP3, Testo 
GmbH, Vienna, Austria).

Statistical analysis

An appropriate analysis revealed that all data were nor-
mally distributed, so that no further transformation was 
required. The effect size, Cohen’s d (Cohen 1988), was 
calculated for all parameters, with the thresholds for 

Cardiac Output [L/min] = HR× SVRi× BSA

small, moderate, and large effects being set at 0.20, 0.50, 
and 0.80, respectively (Cohen 1988). Repeated-measures 
ANOVA was applied to compare each variable during the 
three different trials and at different time-points. When a 
global difference over time was indicated, Tukey post-hoc 
analysis was used to determine when the change occurred. 
An alpha of p < 0.05 was considered to be statistically sig-
nificant, and all analyses were carried out in the Statistica 
software package for Windows® (version 7.1, StatSoft Inc., 
Tulsa, OK, USA).

Results

The mean power outputs during the CREAM (325 ± 59 W), 
SHAM (326 ± 60 W), and CONTROL (321 ± 60 W) TTs 
were similar (p > 0.05, d = 0.08), with corresponding mean 
durations 5:52 ± 0:40, 5:52 ± 0:41, and 5:54 ± 0:42 min.

Except for the significantly higher skin temperature fol-
lowing the warm-up during CREAM than SHAM or CON-
TROL (best p < 0.001, best d = 1.16), no significant dif-
ferences in cardiorespiratory, hemodynamic parameters, 
skin temperature, or RPE were detected at any time-point 
(Tables 1, 2). The effect sizes for the blood levels of lac-
tate (best d = 0.66), tissue saturation index of the m. vastus 
lateralis (best d = 0.57), heart rate (best d = 0.59), ejec-
tion fraction (best d = 0.99), end-diastolic volume (best 
d = 0.62), and systemic vascular resistance (best d = 0.56) 
between the three conditions during exercise were moder-
ate to large. 

Discussion

The current investigation designed to determine whether 
the TT performance of moderately to well-trained cyclists 
can be enhanced by topical application of cream, con-
taining nonivamide and nicoboxil revealed that although 
this cream elevated skin temperature, mean power out-
put, oxygen saturation of the m. vastus lateralis, oxygen 
uptake, and myocardial parameters were all similar to those 
obtained with application of a placebo or no cream at all.

As recently stated, the physiological mechanism(s) by 
which a cream containing nonivamide and nicoboxil may 
act on tissues are unclear (Warnecke et al. 2014). Topical 
administration of such cream to the resting leg was found 
to increase the concentration of oxygenated haemoglo-
bin in the skin and muscle, as well as oxygen saturation in 
the skin after 15 min, effects that were more pronounced 
and rapid in the case of the skin (Warnecke et al. 2014). 
Although skin temperature has been used as an indicator of 
subcutaneous blood flow (Warnecke et al. 2014), the poten-
tial influence of nonivamide–nicoboxil cream on blood flow 
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in the skin and/or muscle remains unclear. Here, the skin 
temperature was elevated 1–2 °C by the application of such 
cream, but with no effect on subcutaneous oxygenation.

This finding differs from those of Warnecke et al. (2014) 
on resting leg muscles. Our cyclists received nonivamide–
nicoboxil cream during warm-up (1.5 W/kg), and warm-
up itself improves muscle blood flow (McCutcheon et al. 
1999). It is clear from our present data that the applica-
tion of nonivamide–nicoboxil did not lead to any further 
enhancement of the saturation of the m. vastus lateralis 
with oxygen.

As discussed previously (Yamada et al. 2005), oxy-
genation of human skeletal muscle reflects the balance 
between oxygen supply and utilisation (Chance et al. 1992; 
Hamaoka et al. 1996). Accordingly, we cannot definitively 
exclude the possibility that counterbalancing alterations 
in both of these factors occurred here. Nonetheless, our 
NIRS findings clearly show that the nonivamide–nicoboxil 
cream did not influence oxygenation of the vastus lateralis 
muscle, which probably explains, at least in part, why the 
TT performance in this case was similar to that following 
SHAM and CONTROL.

Oxygen uptake, the blood level of lactate, and cardiac 
parameters provide valuable information, since the supply 
of oxygen to working muscles is considered to limit per-
formance (Åstrand and Rodahl 1986; Faude et al. 2009). 
Here, topical application of nonivamide–nicoboxil cream to 

both thighs did not influence important variables related to 
oxygen delivery, i.e., oxygen uptake, heart rate, and cardiac 
output.

Although topical application of nonivamide–nicoboxil 
cream caused the skin to feel quite hot, the RPE of our 
cyclists was the same for the CREAM, SHAM, and CON-
TROL trials. Indeed, the 4-km TT without any applica-
tion of cream was rated as very, very intense, which may 
explain, at least in part, why application of the cream did 
not alter RPE. It should be noted that after cycling, three of 
the subjects felt that their skin was very hot and uncomfort-
able, but that this did not influence their subjective expe-
rience of performance during the TT. Although both the 
investigators involved and the participants were unaware 
of which cream was applied, we cannot exclude the pos-
sibility that the reaction of the skin provided an indication, 
at least for some cyclists, that they have received noniva-
mide–nicoboxil cream.

Conclusion

In conclusion, our present observations reveal that topical 
application of nonivamide–nicoboxil cream to the thighs 
of experienced cyclists during warm-up prior to a 4-km 
TT increases skin temperature, but does not affect power 
output, saturation of the m. vastus lateralis with oxygen, 

Table 1  Skin temperature, blood lactate, rating of perceived exertion, oxygen uptake, and tissue saturation index (mean ± SD) at baseline, fol-
lowing 3 and 10 min warm-up and during the last minute of the 4-km TT

The effect size d indicates differences between the three conditions
a Significantly different from SHAM
b Significantly different from CONTROL
c Significantly different from CREAM

Parameter Trial Baseline value Best d After 3 min of 
warm-up

Best d After 10 min of 
warm-up

Best d The final minute  
of the time-trial

Best d

Skin temperature 
(°C)

CREAM 32.0 ± 1.2 32.1 ± 1.5 33.0 ± 1.4a,b 32.9 ± 2.1

SHAM 31.5 ± 1.4 0.38 31.1 ± 1.7 0.62 31.0 ± 2.0c 1.16 30.9 ± 1.9 1.00

CONTROL 31.8 ± 1.5 31.9 ± 1.6 32.0 ± 1.7c 32.0 ± 1.8

Blood lactate 
concentration 
(mmol/L)

CREAM 1.4 ± 0.3 1.9 ± 0.4 1.6 ± 0.4 11.4 ± 5.9

SHAM 1.5 ± 0.5 0.33 1.7 ± 0.6 0.66 1.4 ± 0.4 0.66 12.9 ± 4.3 0.31

CONTROL 1.5 ± 0.3 2.0 ± 0.5 1.7 ± 0.5 12.9 ± 3.4

Ratings of per-
ceived exertion 
(6–20 Borg 
scale)

CREAM 6.0 ± 0.0 9.8 ± 1.5 12.0 ± 1.3 18.7 ± 0.6

SHAM 6.0 ± 0.0 0.00 9.8 ± 0.8 0.2 11.5 ± 1.9 0.31 18.8 ± 0.4 0.35

CONTROL 6.0 ± 0.0 10.1 ± 1.5 11.6 ± 1.0 18.6 ± 0.7

Oxygen uptake  
(mL/min)

CREAM 0.5 ± 0.2 2.2 ± 0.4 2.4 ± 0.5 3.7 ± 0.7

SHAM 0.6 ± 0.2 0.50 2.2 ± 0.5 0.00 2.4 ± 0.5 0.2 3.9 ± 0.7 0.29

CONTROL 0.5 ± 0.1 2.2 ± 0.4 2.3 ± 0.5 3.7 ± 0.7

Tissue saturation 
index (%)

CREAM 65.9 ± 3.7 62.8 ± 4.3 62.8 ± 4.0 57.2 ± 4.3

SHAM 64.2 ± 2.4 0.64 61.9 ± 2.2 0.26 60.7 ± 3.3 0.57 59.1 ± 2.2 0.56

CONTROL 66.0 ± 3.2 62.1 ± 2.8 61.2 ± 2.7 57.8 ± 2.8
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oxygen uptake, heart rate, cardiac parameters, or perceived 
exertion.
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