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ORIGINAL ARTICLE
Acute effects of simultaneous electromyostimulation and
vibration on leg blood flow in spinal cord injury

H Menéndez!%, C Ferrero™?, ] Martin-Hernandez2, A Figuer0a3, PJ Marin* and AJ Herrero!?

Study design: Randomized crossover.

Objectives: To analyze the acute effects of isolated and simultaneous application of whole-body vibration (WBV) and
electromyostimulation (ES) on popliteal artery blood velocity (BV) and skin temperature (ST) of the calf in subjects with spinal cord
injury (SCI).

Setting: Valladolid, Spain.

Methods: Ten subjects with SCI were assessed in five different sessions. After a familiarization session, four interventions were applied
in random order; WBV, ES, simultaneous WBV and ES (WBV+ES), and 30s of WBV followed by 30s of ES (WBV30/ES30). Each
intervention consisted of 10 setsx 1 min ON+1 min OFF. Subjects were seated on their own wheelchairs with their feet on the vibration
platform (10 Hz, 5 mm peak-to-peak), and ES was applied on the gastrocnemius muscle of both legs (8 Hz, 400 ps).

Results: The simultaneous application (WBV+ES) produced the greatest increase in mean BV (MBV; 36% and 42%, respectively) and
peak BV (PBV; 30% and 36%, respectively) during the intervention. This intervention produced the greatest mean increases in MBV
(21%) and PBV (19%) during the recovery period. Last, this intervention produced the highest increase in ST during the intervention
(2.1°0C).

Conclusion: The simultaneous application of WBV+ES seems to produce a greater increase in MBV and PBV of the popliteal artery and
ST of the calf than the isolated (WBV or ES) or consecutive application of both stimuli (WBV30/ES30). This study provides an efficient

therapeutic methodology to improve peripheral arterial properties, which is pivotal in SCI patient’s rehabilitation.
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INTRODUCTION

Spinal Cord Injury (SCI) is one of the most dramatic clinical
conditions due to the loss of voluntary muscle contraction that leads
to physical disability. SCI patients exibit an increased risk of vascular
diseases, due to an extremely low physical activity,' when compared
with counterparts without SCL? Accordingly, earlier cardiovascular
disease is the leading cause of death in SCI patients.2 However,
common cardiovascular risk factors (for example, sex, age, diabetes,
blood lipid profile, elevated systolic blood pressure and smoking
status®) do not seem to fully explain the increased cardiovascular risk
in SCI patients.* Recent studies have focused on peripheral vascular
factors as an underlying mechanism for the increased cardiovascular
risk.> Moreover, adverse peripheral vascular adaptations appear to be a
plausible mechanism for the development of pressure ulcers due to the
significant reduction in lower limb arterial blood flow. Pressure ulcers
is one of the most common complications and leading cause of
re-hospitalization in SCI patients.”

Structural and functional adaptations have been detected in
peripheral arteries below the level of injury almost immediately after
SCL3%? Indeed, a 30% reduction in the common femoral artery
diameter and resting leg blood flow occurs within the first 6 weeks
of inactivity and paralysis.> Moreover, a 50 and 40% decrease in the
common femoral artery diameter and resting leg blood flow are

evident beyond this early stage.> These early vascular adaptations seem
to be closely related to the decrease in metabolic demand after SCIL.'°
In response to a vasodilatory stimulus, absolute peak blood flow (PBF)
reactivity to thigh muscle ischemia was reduced in SCI patients;
however, after adjusting the change in PBF for the reduced muscle
volume eliminated between-group differences, suggesting that arterial
dysfunction and muscle atrophy occur simultaneously. In addition,
other mechanisms that appear to contribute to this arterial dysfunc-
tion include inhibition of the muscle pump as a result of the inability
to contract the skeletal muscles'! and the consequent reduction in the
arterio-venous pressure gradient across the muscle bed.'?

Muscle contraction provide a powerful stimulus for vascular
remodeling.!* Angiogenesis'# and increased arterial diameter'> seem
to be the principal peripheral vascular adaptations induced by exercise
training. Passive mobilization, the most basic form of rehabilitation for
SCI patients, has failed to revert arterial dysfunction.11 However, there
are other rehabilitation tools that have shown effectiveness in SCI.
Electromyoestimulation (ES) involves the application of electrical
stimuli to superficial skeletal muscles, with the main objective of
triggering visible and valid muscle contractions through activation of
motorneurons or intramuscular axonal branches.'® The effect of ES on
peripheral blood flow is intensity dependent. Although, ES can
increase local blood flow,'” excessive intensity might lead to partial
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ischemia; whereas, insufficient intensity might be inadequate to
significantly increase arterial blood flow.!® Accordingly, a single bout
of ES has been shown to improve leg blood flow in SCI patients.!®

A new rehabilitation tool is whole-body vibration (WBV), which
refers to mechanical oscillations transferred to the skeletal muscles
through a supporting system such as a seat or platform.?’ The
application of the vibration to the muscle-tendon complex produces
a stretch-shortening action that activates muscle spindles and triggers
the reflexive muscle contraction.?! To date, only three studies have
investigated the acute effects of WBV on the cardiovascular system in
individuals with paralysis. In the first study, 3—6 min of WBV elicited
increases in oxygen consumption and oxygenation in the gastro-
cnemius muscle, suggesting increased perfusion.?? In the second study,
the vibratory stimulus applied to the feet produced increases in
femoral blood velocity in SCI patien'[s.23 Moreover, Koutnik er al.?*
observed that a 10-min set of passive vibration induced a favorable
local vascular effect as shown by reduced leg arterial stiffness in
post-stroke patients, reflecting improved peripheral vasodilation.

ES and WBV are effective methods to increase lower extremity
blood flow. In a previous study by our research group, the
simultaneous application of both methods (WBV+ES) produced a
greater increase in mean blood velocity (MBV) and peak blood
velocity (PBV) of the popliteal artery and skin temperature (ST) of the
calf than the isolated or consecutive application of both stimuli in
able-bodied young healthy males.”> However, to our knowledge, no
study has evaluated the local vascular effect of the simultaneous or
consecutive application of both stimuli in SCI patients. Therefore, the
aim of this study was to examine the acute effects of isolated,
consecutive, and simultaneous application of WBV and ES on the
popliteal arterial blood velocity and ST of the calf in SCI patients. We
hypothesized that WBV+ES would elicit greater blood velocities and
ST responses than the isolated or consecutive interventions in SCI
patients.

MATERIALS AND METHODS

Participants

Ten patients (eight males and two females) with SCI volunteered to participate
in the study. All the patients used wheelchair for their locomotion. All
participants were classified by the American Spinal Injury Association (ASIA)
as A or B. None of the subjects had any history of disease such as peripheral
arterial disease or other confounding factors. Medications were recorded and
only antispasticity drugs were allowed during the study. All participants
received 10 2-h rehabilitation sessions per month, which consisted of standing
(tilted) position, passive movements, low-intensity resistance training or
electrotherapy and physiotherapy treatment. Experimental interventions were
applied to the subjects before their rehabilitation routines. Each participant gave
written informed consent to participate in the investigation with the risks and
benefits of the study carefully explained to them before their initiation. The
study was conducted according to the Declaration of Helsinki and was
approved by the University Committee on Human Research. We certify that
all applicable institutional and governmental regulations concerning the ethical
use of human volunteers were followed during the course of this research.

Experimental design

Each participant was assessed in five different sessions separated by at least 48 h.
Participants completed all sessions at the same time of day to avoid variations
in arterial function. In the first session, participants were familiarized with the
testing procedures and interventions. In the remaining four sessions, the four
interventions were applied in random order. The four interventions were: WBV
alone (WBV), ES alone (ES), simultaneous WBV and ES (WBV+ES), and 30s
of WBV followed by 30s of ES (WBV30/ES30). Each session consisted of 10
sets of 1 min of intervention and 1 min of rest between sets. Participants were
seated on their own wheelchair with feet placed on the vibration platform
(Galileo Home, Galileo, Novotec, Germany). Measurements were collected
before and for 5 min after the intervention (R1-R5; Figure 1).

Methods

Participants rested in the seated position for a period of 10 min to normalize his
blood flow before data collection and the application of the corresponding
intervention. During all interventions, participants wore the same athletic shoes
to standardize for potential dampening of the vibration due to variability in the
footwear.?® The frequency of vibration was set at 10 Hz and the amplitude at
5mm (peak-to-peak). The vertical component of acceleration was measured by
an accelerometer (VT-6360, Hong Kong, China). The acceleration (peak) was
66.70 m s~ 2. Feet were placed parallel to each other 38 cm apart (measured
from the midline of the heels). When ES was applied, a rectangular, biphasic
and symmetric wave with a pulse width of 400 us and 8 Hz was applied
(Compex 3, DJO Ibérica, Madrid, Spain). The muscle was stimulated indirectly
via the motor axon terminal branches. Three, 2-mm-thick, self-adhesive
electrodes were used on each leg: one electrode (10 x5 cm) was placed 2 cm
below the popliteal fold and two electrodes (5% 5 cm) were placed as close as
possible to the motor points of the gastrocnemius medialis and lateralis.
Current intensity was increased until the subject’s motor threshold (mean
achieved intensity: 46.6+12.3 mA; min/max; 30/61 mA). This intensity,
reached in the first treatment session, was applied in the following sessions
using ES.

Measurements

Doppler velocity waveforms were registered at baseline, during the resting
minute (in the final 30s) between the 10 sets, and at the end of each minute
during the recovery period (Figure 1). The popliteal artery was imaged in a
longitudinal section with an ultrasound system (MyLab 25, Esaote, Genoa,
Italy) using a pulsed color Doppler with a linear array transducer (LA 523,
7.5-12 MHz; length, 50 mm; Esaote) on the right popliteal fossa. The probe was
positioned to maintain an insonation angle < 60°. Each ultrasound image was
recorded for a period of 4s. In that period, there were between 3 and 5 beats,
and the mean of these beats was used for data analyses (MyLab Desk 8.0,
Esaote) to obtain mean (MBV) and peak (PBV) systolic blood velocities
(Figure 2). Before the blood flow parameters were collected, ST over the left
gastrocnemius was measured using an infrared thermometer (PCE-777, PCE
Instruments, Southampton, UK). In order to collect a consistent measurement,
an ink mark was made between the two gastrocnemius heads. Participants were
asked to redo this mark at home to ensure reliability of the measurements
throughout all the sessions. All measurements were performed by the same
researcher.

Data analyses
The normality of the dependent variables was checked and subsequently
confirmed using the Shapiro-Wilk test. A two-way repeated measures analysis
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Figure 1 Experimental design.
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Figure 2 Time course changes on MBV during the application of 10 sets of 1 min of intervention and 1 min of rest, and during the 5min of the recovery
period. *,** ***Different from baseline at P<0.05, 0.01 and 0.001, respectively.

Table 1 Descriptive characteristics of the study sample

Gender Age (years) Height (m) Mass (kg) Years after injury Level of lesion ASIA score MBV (cms~1p PBV (cms~-1p
1 M 63 1.68 69.4 29 T9 A 30.8+6.0 61.1+14.8
2 M 38 1.92 88.8 13 c7 A 335+7.8 65.2+16.2
3 M 38 1.75 71.2 8 T4 B 31.7+9.1 57.2+15.3
4 M 33 1.80 70.3 4 Cc6 A 25.2+4.0 46.8+7.8
5 M 31 1.76 74.3 9 c7 A 22.1+2.7 43.5+4.7
6 M 36 1.74 50.1 17 c7 B 24.1+2.0 45.4+8.8
7 M 50 1.85 96.4 4 L1 B 24.8+3.8 48.0+8.1
8 M 59 1.70 74.2 20 T2 A 179+1.4 353+2.5
9 F 49 1.64 54.6 12 T7 A 31.4+29 57.0+5.2
10 F 66 1.56 61.2 8 T3 A 29.1+4.1 50.7+7.7

Mean 46.3 1.74 71.1 12.4

s.d. 12.9 0.10 14.1 7.8

Abbreviations: ASIA, American Spinal Injury Association; MBV, mean blood velocity; PBV, peak blood velocity.

aMean +s.d. of the baseline values of the four interventions.

of variance in treatment and time was applied. When a significant F-value was
achieved, pairwise comparisons were performed using the Bonferroni post hoc
procedure. Effect size statistic, 7%, was provided to determine the magnitude of
the effect independently of the sample size. Statistical significance was set at
P<0.05. Values are expressed as mean +s.d. The percentage of variation in
respect to baseline values was calculated as: (value — baseline) X 100/baseline.

RESULTS

Table 1 summarizes the characteristics of the participants.

Mean blood velocity

A time X intervention effect was observed for the MBV (F=1.755;
P<0.01; #>=0.163). The percentage of variation compared with
baseline and the statistical differences are shown in Figure 2. For the
WBYV intervention, MBV was increased from T1 (13.1% P<0.05) to
R2 (11.2% P<0.01) compared with baseline. For the ES intervention,
MBYV increment compared with baseline was observed from T8 (7.1%

P<0.001) to T10 (8.9% P<0.05). The WBV+ES intervention
remained elevated in the MBV from T1 (22.1% P<0.001) to R3
(18.7% P<0.05). Finally, for the WBV30/ES30 intervention, MBV
increase compared with baseline was observed from T1 (18.6%
P<0.05) to R1 (23.7% P<0.05).

The peak increments during the application of each intervention
were 27 +4%, 13+4.9%, 42+3.9% and 30+4.8% for WBV, ES,
WBV+ES and WBV30/ES30, respectively; the mean increments during
the application of each intervention were 22+42.2%, 10+2.5%,
36+1.3% and 27 +2% for WBV, ES, WBV+ES and WBV30/ES30,
respectively; and the mean increments during the resting period of
each intervention were 10+2.1%, 1+2.5%, 21 +3% and 13+3.7%
for WBV, ES, WBV+ES and WBV30/ES30, respectively.

Peak blood velocity
A time X intervention effect was observed in the PBV (F=1.542;
P<0.05; 77=0.146). The percentage of variation compared with
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Figure 3 Time course changes on PBV during the application of 10 sets of 1 min of intervention and 1 min of rest, and during the 5min of the recovery
period. *,** ***Different from baseline at P<0.05, 0.01 and 0.001, respectively.

baseline and the statistical differences are shown in Figure 3. For the
WBV intervention, PBV was increased from T1 (11.3% P<0.05) to
R2 (11.4% P<0.05) compared with baseline. For the ES intervention,
PBV increased compared with baseline at T7 (15.5% P<0.05) to T9
(9.8% P<0.05). The WBV+ES intervention elevated the PBV above
baseline during all the intervention from T1 (20.5% P<0.001) to R5
(16.4% P<0.05). Finally, for the WBV30/ES30 intervention, PBV was
increased compared with baseline from T1 (15.3% P<0.05) to R1
(22.6% P<0.05).

The peak increments during the application of each intervention
were 24+ 6.6%, 17 +7.3%, 36 +4.4% and 28 + 13.6% for WBYV, ES,
WBV+ES and WBV30/ES30, respectively. The mean increments
during the application of each intervention were 194+3.2%,
13 +4.8%, 30+2.5% and 21+4.6% for WBV, ES, WBV+ES and
WBV30/ES30, respectively. The mean increments during the resting
period of each intervention were 11+4.8, 2+4.9, 19+4.7 and
11+7.6% for WBV, ES, WBV+ES and WBV30/ES30, respectively.

Skin temperature
A time X intervention effect was also observed for ST (F=1.974;
P<0.001; #°=0.180). The absolute values and the statistical
differences are shown in Figure 4. The simultaneous intervention
(WBV+ES) was the intervention that increased ST above baseline
(24.5°C) earlier than the WBV, from T4 (29.6°C P<0.05) to R5
(30.3°C P<0.05). The WBV intervention increased ST compared
with baseline (25.5°C) from T9 (29.8°C P<0.05) to R5 (29.9°C
P<0.05). For the ES and the WBV30/ES30 interventions, ST did not
increase compared with baseline.

The peak increments during the application of each intervention
were 1.5+0.7, 1+0.5, 2.1+0.4 and 1.4+0.61.8°C for WBV, ES,
WBV+ES and WBV30/ES30, respectively.

DISCUSSION

To our knowledge, this is the first study that has evaluated the
simultaneous application of WBV and ES in SCI patients. The major
finding of this study was that the four interventions enhanced MBV
and PBV in respect to baseline values. The simultaneous application of
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both stimuli (WBV+ES) seems to produce the greatest mean and peak
increase in MBV (36% and 42%, respectively) and PBV (30% and
36%, respectively) during the intervention. Importantly, this inter-
vention produced the greatest mean increases in MBV (21%) and PBV
(19%) during the recovery period. Similarly, WBV+ES maintained
MBYV above baseline for longer time than the isolated (WBV or ES) or
consecutive application of both stimuli (WBV30/ES30), from T1
(22.1%) to R3 (18.7%). Moreover, WBV+ES was the only intervention
that maintained PBV above baseline during all the protocol; from T1
(20.5%) to R5 (16.4%). Lastly, WBV+ES produced the earliest and
highest increase in ST.

The WBV intervention produced an increase in MBV and PBV in
the popliteal artery. The only previous study that had examined the
acute effect of WBV on arterial blood flow in people with SCI showed
the ability of the vibration therapy to produce an acute increase in
MBV and PBV.?* Although only 3 min of WBV was applied, the
magnitude of the increase in MBV (36%) at the end of the third
minute in the previous study was higher than the increase observed at
the third minute (21.5%) of the isolated application of WBV in the
present study. The most likely explanation for this discrepancy could
be the different mechanical load on the platform between both studies.
In the previous study, patients were on a tilt table at 45°, whereas in
the present study, patients were seated on their wheelchairs. It is likely
that participants in the tilted position supported more body weight on
the vibrating platform than those in the seated position resulting in
more intense reflexive contractions. Future studies should investigate
vibration transmissibility with the feet on a vibrating platform while
seated. The magnitude of the increase in muscle perfusion associated
with WBV appeared to be related to the vibratory load used.?’
Moreover, differences in duration of vibration may influence vascular
responses’® with greater vasodilatory effect after continuous than
intermittent 3 min of vibration exposure. Evidence has shown that
continuous 5-10 min of passive vibration can maintain local vasodila-
tion and improve arterial function in the exposed limb for 5-15 min
post vibration in older adults with type 2 diabetes? and post stroke,**
respectively. Both reflexive and voluntary muscle contractions are
often cited as the mechanisms responsible for active vibration-induced
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Figure 4 Time course changes on ST during the application of 10 sets of 1
* **Different from baseline at P<0.05 and 0.01, respectively.

increases in muscle perfusion in healthy young men.’® In the absence
of voluntary contractions, increased neuromuscular activity of the
quadriceps muscle and local artery vasodilation have been demon-
strated in response to passive vibration in SCI patients.>® These reflex
contractions produce an increase in local metabolites that relax
vascular smooth muscle and trigger an increase in blood flow via local
vasodilatation.?! Otherwise, previous studies have observed an incre-
ment in nitric oxide (NO), a potent endothelial vasodilator, as a result
of 5 min of passive vibration at 50 Hz due to the shear stress generated
by the vibration.?? Therefore, our findings suggest that WBV causes a
marked increase in popliteal artery blood velocity through metabolic
and endothelial-mediated vasodilation.

Likewise, the ES intervention produced an increase in MBV and
PBV of the popliteal artery. These results are in agreement with
previous studies that observed an increase in femoral artery blood flow
due to application of ES in SCI patients.'>? The natural calf muscle
pump is activated during an ES intervention due to involuntary
muscular contraction caused by the electric current. However, the
ES protocol showed lower efficacy than the WBV intervention.
During ES, activation of the motor units occurs primarily under the
electrodes placement. This mechanism is particular and contrasts
with the recruitment of muscle fibers induced during a voluntary
contraction.!” Recruitment of mainly superficial muscle fibers by ES
could contrast with activation of deeper muscle fibers by WBV.
However, this pattern seems to be in opposition to what was observed
during the application in healthy subjects, where the ES intervention
showed a greater enhancement of MBV and PBV.% In one hand, the
intensity of ES was set at the motor threshold in SCI subjects. This
intensity (46.6+12.3 mA) was similar to that achieved in healthy
subjects using subject’s pain threshold (47.4 +11.2mA). The same
intensity produced a lower response probably due to muscle decondi-
tioning and atrophy. Thus, a higher intensity could be necessary in
order to increase treatment effectiveness in SCI patients. However,
further investigation is needed to understand the dose-response
relationship between ES and vascular reactivity and the implication
of sensory alterations in the adjustment of ES intensity. On the other
hand, due to the particular pattern of muscular recruitment during ES,
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fatigue of the stimulated superficial muscle fibers may adversely affect
muscle strength during an ES session.’! This ‘accommodation to the
current’ is very common in ES training, and we believe it is quite likely
the explanation for the lower effect of ES on MBV and PBV.?> This
effect could take dramatic importance in those with SCI as they have
more fatigable muscle fibers.!® In contrast, MBV and PBV values seem
to be higher throughout the second half of the WBV intervention.

The greater efficacy observed with the simultaneous intervention
compared with the isolated applications, is in consonance with the
results from a previous study in healthy subjects.?> In young men, the
vibratory stimulus offset the decline in popliteal artery blood velocity
that occurred with isolated ES. Likewise, as hypothesized, the
magnitude of the response was lower in SCI subjects (a MBV peak
increment of 161% in healthy versus 42% in SCI subjects). The main
explanation seems to be related to the vascular adaptations previously
described in SCI subjects. These patients have shown a reduced
vasodilatory capacity below the level of injury.'® In addition, previous
studies have shown a decreased blood flow response in SCI with
respect to healthy subjects due to the parallel vascular dysfunction and
muscle atrophy.’?> Reduced femoral artery dilatory capacity in SCI
patients mainly reflects impaired NO-dependent vasodilation.* In
addition, the positive relationship between decreased leg artery
diameter and lean mass in SCI patients®* suggests that increased local
vascular resistance and reduced production of muscle metabolites may
contribute to the impaired vasodilation in this population. Another
factor could be that SCI patients were seated with the feet on the
platform rather than in an active squat position, as is performed in
healthy individuals. Therefore, SCI patients had reduced mechanical
load. Nevertheless, the present study is the first to show an additive
effect of WBV and ES in leg artery dilatory capacity, which may be
explained by an enhanced production of muscle vasodilatory meta-
bolites due to both stimuli and endothelial-NO production induced by
WBV.?° Therefore, the combined therapy would be of great clinical
interest for this population.

The simultaneous application produced an earlier and higher
increase in ST as this effect was observed after the fourth set and
persisted elevated during the recovery. Although WBV alone increased
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ST after the ninth set, the absence of a hyperthermic response in the
calf throughout both ES interventions suggests that more intense and
generalized muscle contractions are required to increase ST. The
observed results are similar to those found in healthy men. In both
studies, simultaneous therapy (WBV+ES) proved to be more effective
to increase ST in the calf. This result is in consonance with other
studies in which the vibration stimulus alone (50 Hz, 5-6 mm) was
not sufficient to increase the ST after 10 min of application in healthy
individuals.?*3 Interestingly, despite no change in ST, a 10-min bout
of WBV (26 Hz — 6 mm) increased muscle temperature by 1.5°C in

young adults.>® However, in previous studies,>>37

vibration applied
directly to the skin surface of the resting extremity (passive vibration)
was effective to increase skin blood flow and ST against standing on
the platform (active vibration). Of note, a large area of the extremity
directly exposed to passive vibration may account for the local increase
in ST. The results of this study suggest the possibility that the ST may
reflect an increase in local superficial blood flow. Increased skin blood
flow during passive vibration may be attributed to cell friction®” and
not to increased energy metabolism to sustain muscle contraction.
Increased skin blood flow is crucial for the wound-healing process?” in
order to prevent and minimize the development of pressure ulcers.
Thus, the simultaneous application of WBV and ES represent a highly
practical intervention in subjects with SCI.

Finally, when both WBV and ES were applied within the same
intervention, the consecutive application (WBV30+ES30) seems to
evoke a lower response than the concomitant application (WBV+ES).
This difference could be due to the recruitment of different muscle
fibers by the combined stimulus as it has been previously explained.
Indeed, the addition of the peak MBV and PBV after ther fifth set of
WBYV and ES alone are close to the peak value induced by WBV+ES.
Therefore, our findings support the theory of an ‘additive vasodilatory
effect’ as it was previously suggested.?®

In conclusion, the simultaneous application of WBV and ES seems
to produce a greater increase in MBV and PBV of the popliteal artery
and ST of the calf than the isolated or consecutive application of both
stimuli. These findings could be of great interest in order to improve
peripheral vascular properties. However, despite the results, it is not
possible to clearly establish whether an acute increase in peripheral
artery blood flow would prevent and/or heal pressure ulcers in
individuals with SCI. Future studies are warranted to examine the
chronic efficacy of WBV+ES on peripheral artery function in SCI
patients. Information about optimal dose of WBV+ES and time of
delivery should be evaluated.
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