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Abstract  The present study was undertaken to examine the validity of using the OMNI scale of perceived exertion to regulate intensity during extended exercise periods. Forty-eight subjects (24 male, 24 female) were recruited and each subject completed a maximal graded exercise test (GXT) and two 20-min submaximal exercises. During the GXT, ratings of perceived exertion (RPE) as well as oxygen uptake (V̇O2) and heart rate (HR) equivalent to 50 and 70% of maximum V̇O2 (V̇O2max) were estimated. During each submaximal exercise, subjects were instructed to produce and maintain a workload equivalent to the RPE estimated at 50 or 70% V̇O2max, and V̇O2 and HR were measured every 5 min throughout the exercise. Of the 48 subjects, 12 (6 male and 6 female) performed both the estimation and production trials on a treadmill (TM/TM), 12 (6 male and 6 female) performed both the estimation and production trials on a cycle ergometer (C/C), 12 (6 male and 6 female) performed the estimation trial on a treadmill and the production trial on a cycle ergometer (TM/C), and 12 (6 male and 6 female) performed the estimation trial on a cycle ergometer and the production trial on a treadmill (C/TM). No differences in V̇O2 between the estimation and any 5 min of the production trial were observed at either intensity in TM/TM and C/C. No differences in HR between the estimation and any 5 min of the production trial were also observed at 50% V̇O2max in TM/TM and at both 50 and 70% V̇O2max in C/C. However, HR was higher at 20th min of the production trial at 70% V̇O2max in TM/TM. Both the V̇O2 and HR were generally lower in TM/C and higher in C/TM. However, these differences diminished when values were normalized using V̇O2max of the same mode that other groups had attained. These data suggest that under both intra- and intermodal conditions, using the OMNI perceived exertion scale is effective not only in establishing the target intensity at the onset of exercise, but also in maintaining the intensity throughout a 20-min exercise session. 
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Introduction

Perhaps the most attractive feature of ratings of perceived exertion (RPE) is its ability to regulate exercise intensity in lieu of heart rate (HR), which has been used commonly in exercise prescription. This is because not only does RPE correlate directly with metabolic demand as measured by oxygen uptake (V̇O2) or HR (Borg 1970, 1973; Robertson et al. 1982; Skinner et al. 1973), but this parameter is also relatively independent of many factors limiting the use of HR, such as medication and difficulty of measurement (Noble 1982; Noble and Robertson 1996). The question as to whether an individual is able to produce a target metabolic demand according to their effort sense during exercise has triggered a number of validation studies (Ceci and Hassmen 1992; Dunbar et al. 1992; Eston et al. 1987; Glass et al. 1992; Kang et al. 1998; Robertson et al. 2002; Smutok et al. 1980). These studies have used an estimation-production modality in which an individual estimates his/her perception of effort during a graded exercise test (GXT) and then produces previously estimated exertions by titrating the intensity during subsequent exercise sessions using the mode that is either similar to or different from the GXT. It has been generally accepted that gauging exercise intensity based upon perception of exertion is a valid technique, especially when such perception is carefully anchored during the initial exercise screening. 

Research using an estimation-production modality has a unique advantage in that it resembles the prescription process typically used in a practical setting (Noble and Robertson 1996). Nevertheless, previous studies using this modality have only employed exercise duration that is less than 10 min, whereas a typical workout has been recommended to last continuously for at least 20 min (American College of Sports Medicine 2000). This discrepancy in exercise duration raises an important question as to whether the reported validity of using this technique will hold if exercise continues beyond 10 min. RPE has been linked to many physiological mediators that often increase, independent of metabolic demand, so long as exercise continues, and these mediators include HR (Raven and Steven 1998), body temperature (Farrell et al. 1982; Pivarnik and Senay, 1986), and energy substrates (Kang et al. 1997; Robertson et al. 1990b; Utter et al. 1999). In addition, recent studies by Grant et al. (1993) and Farrell et al. (1982) have shown a continuous increase in RPE during exercise at 80% of maximum V̇O2 (V̇O2max) in spite of a fairly stable V̇O2. It may be speculated that as exercise of moderate to high intensity continues, the intensity produced based upon RPE can become lower than what is intended, as factors other than metabolic demand may also potentiate perception of exertion. 

The primary purpose of this investigation was to examine the validity of using RPE to regulate intensity during exercise of longer periods in healthy untrained adults. The validation was conducted by using an estimation-production procedure in which RPE serves as an independent variable. RPE was assessed by the OMNI scale, which comprises both pictorial and verbal descriptors positioned along a numerical range of 0–10. This scale has been shown to possess a similar linear relationship with V̇O2 and HR as the Borg scale (Borg 1973) during both treadmill and cycle exercise (Robertson, et al. 2000; Utter et al. 2002). It is our contention that the pictorial attachment of this scale will facilitate the recall process in an effort to produce the target intensity experienced previously. We hypothesized that using the target RPE, V̇O2 and HR produced throughout extended exercise periods would be similar to those that were estimated from prior GXT. 



Methods

Subjects

Forty-eight college-aged volunteers including 24 males and 24 females served as subjects for the study. These subjects were physically active but did not participated in any training program involving cycling and running. All subjects were healthy and free from any current orthopedic injury at the time of the investigation. They were informed of the purpose of the experiment and gave their written consent to participate. All experimental procedures were evaluated and approved by the Institutional Review Board for Human Subjects Experimentation at the College of New Jersey. The physical and physiological characteristics of the subjects are presented in Table 1. 

Experimental design

Each subject completed one maximal GXT and two submaximal exercise bouts. The two submaximal exercises were presented in a randomized and counterbalanced order. During the maximal GXT, RPE as well as V̇O2 and HR equivalent to 50 and 70% V̇O2max were estimated. During each submaximal exercise, the subject was instructed to produce and maintain a workload equivalent to the RPE estimated at 50 or 70% V̇O2max and V̇O2 and HR were measured every 5 min throughout the exercise. The 48 subjects were randomly divided into 4 groups of 12, with each group containing 6 males and 6 females. Each group underwent one of the following four arrangements: (1) both the estimation and production trials were conducted on a treadmill (TM/TM), (2) both the estimation and production trials were conducted on a cycle ergometer (C/C), (3) the estimation trial was conducted on a treadmill and the production trial was conducted on a cycle ergometer (TM/C), and (4) the estimation trial was conducted on a cycle ergometer and the production trial was conducted on a treadmill (C/TM) (Fig. 1). All subjects were instructed to be in a minimum 4-h postabsorptive state prior to each trial. A minimum of 48 h separated each trial and all trials were completed within a 3-week period. 

Estimation trials

The estimation trial was conducted on a motor-driven treadmill (TrackMaster 210, JAS MFG, Carrollton, Tex., USA) or a stationary cycle ergometer (Ergometrics 800, SensorMedics, Yorba Linda, Calif., USA). The stationary cycle ergometer is able to make an automatic adjustment in resistance in accordance with any change in pedal rate so that a desired power output can be maintained. The Bruce protocol was used for the treadmill test; this protocol demands a progressive increase in both treadmill speed and elevation every 3 min. The protocol used for the cycle test has been illustrated previously (Kang et al. 1997). Briefly, this protocol requires the subject to pedal at a self-selected pedal rate and an initial power output of 25 W. The power output was then increased by 25 W every 2 min. Both tests were preceded by a 5-min warm-up period and were terminated when the subject could not maintain a desired workload despite verbal encouragement. Both V̇O2 and HR were recorded during the last 15 s of every minute throughout the test, and V̇O2max was determined by averaging the two highest consecutive readings. To ensure that a true V̇O2max had been attained during the treadmill test, at least two of the following three criteria were met: an increase in V̇O2 of less than 100 ml·min–1 despite an increase in work load, a HR within ±5 beats·min–1 of the age-adjusted maximum, or a RER greater than 1.10. To insure that a true peak V̇O2 had been attained during the cycle test, all of the following three criteria were met: subject failing to maintain the peak power output for 15 consecutive seconds, an increase in V̇O2 of less than 100 ml·min–1 despite an increase in work load, and a RER greater than 1.05. 

Prior to each trial, subjects were read standardized instructions (available upon request) by the investigator on the use of an adult version of the OMNI perceived exertion (Figs 2 and 3). This scale contains both pictorial and verbal descriptors positioned along a numerical range of 0–10. Throughout the test, an undifferentiated RPE was determined for the overall body at the end of each minute. As a respiratory valve prohibited a verbal rating response, subjects pointed to their RPE on the scale. The RPE scale was in full view of the subject at all times during testing. Upon completion of the test, subjects were debriefed with both the lowest and highest ratings of perceived exertion they had provided and the workloads they had achieved at these ratings. The lowest rating corresponded to walking at 1.7 mph (approximately 2.7 km·h–1) at 10% for treadmill exercise and cycling at 25 W for the cycle ergometer exercise, whereas the highest rating occurred at the point of volitional exhaustion experienced during both tests. This anchoring effort was to ensure that the perception reference used to determine the target intensity is similar across all individuals. 

Best-fit linear regressions in which RPE and HR were plotted as a function of V̇O2 were calculated for each test. The RPE and HR corresponding to 50 and 70% V̇O2max for each subject were then determined from plots of RPE vs. V̇O2 and HR vs. V̇O2, respectively, and used as prescription guidelines for the subsequent production trials. 

Production trials

Prior to each production trial, subjects were informed of the RPE that was estimated at either 50% or 70% of V̇O2max and their responsibility to adhere to the estimated RPE throughout exercise. Following a 5-min, low intensity warm-up, the subject performed 20 min of steady-state exercise. This exercise was preceded by a 3-min adjustment period during which subjects established the target exercise intensity based upon an estimated RPE. The target intensity was achieved by selecting a combination of speed and elevation during treadmill exercise or by choosing a power output in conjunction with a pedal frequency during cycle ergometer exercise. Throughout the entire period of exercise, subjects had full access to the control panel of the apparatus. However, the readout display was concealed so that subjects had no knowledge of speed/elevation or power output/pedal frequency at which their exercise was taking place. 

During the last 2 min of each 5-min period, V̇O2s and HR were measured every minute and the average of the two measures for each variable was then used for subsequent data analysis. This measurement was then followed by recording the speed/elevation or power output/pedal frequency in order to determine whether there was concurrent change in workload over time. At the end of each 5-min measurement period, subjects were also reminded of their responsibility of adhering to the same estimated RPE and making an adjustment in workload if necessary. All exercise tests were conducted in the Human Performance Laboratory where the mean barometric pressure and laboratory temperature were 755 (2) mmHg and 23.2 (1.2)°C, respectively. 

Measurements

V̇O2 was determined using a two-way T-shaped breathing valve (Hans Rudolph 2700, Hans Rudolph, Kansas City, Mo., USA) and an open-circuit respiratory-metabolic system (Metabolic Measurement Cart 2900, SensorMedics). HR was measured using a wireless HR monitor (Pacer, Polar CIC, Port Washington, N.Y., USA). RPE was measured using an OMNI ten-point category scale (Robertson et al. 2000, 2001). 

Statistical analysis

A one-way analysis of variance (ANOVA) with repeated measures was used to compare V̇O2 and HR between the estimation trial and the four measurement periods of the production trial. A significant main effect was followed by a post-hoc analysis using the Scheffé procedure. These statistical analyses were performed separately for each of the four experimental conditions (i.e., TM/TM, C/C, TM/C, and C/TM) and at each level of exercise intensity (i.e., 50% and 70% V̇O2max). All statistical analyses were performed using SPSS software (SPSS, Chicago, Ill., USA) and a probability level of 0.05 was set to determine statistical significance. 



Results

In TM/TM, no significant main effect between trials was observed for V̇O2 at both 50% (F=1.05, P>0.05) and 70% V̇O2max (F=0.358, P>0.05) (Fig. 4). No significant main effect between trials was also found for HR at 50% V̇O2max (F=1.02, P>0.05; Fig. 5). However, there was a significant main effect for HR at 70% V̇O2max (F=2.76, P<0.05). Compared to what was estimated, HR was higher at 20 min of the production trial (Fig. 5). 

In C/C, no significant main effect between trials was observed for V̇O2 at both 50% (F=0.238, P>0.05) and 70% V̇O2max (F=0.431, P>0.05; Fig. 4). No significant main effect between trials was also observed for HR at both 50% (F=0.422, P>0.05) and 70% V̇O2max (F=0.530, P>0.05; Fig. 5). 

In TM/C, there was a significant main effect between trials for V̇O2 at both 50% (F=3.45, P<0.05) and 70% V̇O2max (F=3.11, P<0.05) (Fig. 6). A significant main effect between trials was also observed for HR at both 50% (F=2.85, P<0.05) and 70% V̇O2max (F=3.01, P<0.05; Fig. 7). Compared to what was estimated, V̇O2 was lower during all 5-min measurement periods of the production trial at both intensities (Fig. 6), whereas HR was lower at 5th and 10th min of the production trial at both intensities (Fig. 7). 

In C/TM, there was a significant main effect between trials for V̇O2 at both 50% (F=2.89, P<0.05) and 70% V̇O2max (F=3.11, P<0.05) (Fig. 6). A significant main effect between trial was also observed for HR at both 50% (F=2.96, P<0.05) and 70% V̇O2max (F=3.10, P<0.05; Fig. 7). Compared to what was estimated, both V̇O2 and HR were higher at 10th, 15th, and 20th min of the production trial at both intensities (Figs 6 and 7). 



Discussion

In the present study, we found no differences in V̇O2 between the estimation trial and any 5-min measurement period of the production trial in TM/TM and C/C at 50% or 70% V̇O2max (Fig. 4). The similarity in this physiological criterion between the estimation and production trial does not only agree with the previous conclusion that subject's perceptual responses to a GXT can be used to accurately prescribe exercise intensity during exercise, but also suggests that this prescriptive approach is equally effective in maintaining the intensity achieved despite an increase in HR as seen in TM/TM at 70% V̇O2max. Besides the change in HR during exercise as seen in TM/TM, there could be a concurrent change in other physiological parameters thought to mediate the perception of exertion in addition to V̇O2. For example, it has been demonstrated that an increase in body temperature can occur as early as 10 min into a constant-load exercise at moderate to high intensity (Pivarnik and Senay 1986). In addition, previous studies have shown that cellular glucose uptake (Kang et al. 1999; Robertson et al. 1990b), bodily substrate utilization (Kang et al. 1996; Utter et al. 1999), and associated hormonal alterations (Kang et al. 1999; Skrinar et al. 1983) change rapidly once exercise begins. In this context, the fact that V̇O2 did not deviate from the target value throughout 20-min exercise in the present study indicates that the metabolic demand may be one of the most important factors upon which the assessment of physical exertion is made throughout dynamic steady-state exercise. 

Despite a fairly constant V̇O2 and our observation that subjects attempted to reduce workload, there was an upward drift in HR during the later portion of exercise at 70% V̇O2max in TM/TM (Fig. 5). This increase in HR during the later portion of the exercise bout may be the consequence of muscular fatigue, as we observed a gradual decrease in workload as measured by treadmill grade. It should be mentioned that such an increase in HR occurred primarily in our female subjects who are comparatively lower in their V̇O2max. An increase in HR can also be attributed to a decrease in stroke volume due to the influence of rising body temperature on cutaneous vasodilation and dehydration (Raven and Steven 1998). However, this explanation is less appealing as the exercise duration we used was relatively short. It is also noteworthy that although not statistically significant, the HR produced was below the target by almost 10 beats·min–1 at the onset of exercise at 50% V̇O2max in TM/TM and at both 50 and 70% V̇O2max in C/C (Fig. 5). In a study using similar research methodology, Glass et al. (1992) also found a lag in HR responses at the onset of exercise. The explanation for why HR did not respond as quickly as V̇O2 is not readily apparent. It may be that the initial rise in V̇O2 is due primarily to an adjustment in stroke volume and/or oxygenextraction by exercising tissues. The greater variability associated with HR responses at least suggests that under the circumstance where subjects use their effort sense to produce a level of workout, HR is not the primary cue upon which the perception is assessed. Indeed, HR is considered as part of cardiovascular input to the effort sense and its change is normally accompanied by compensatory adjustment in stroke volume and blood pressure (Mihevic 1981). 

With reference to intermodal comparisons, we observed at both intensities a lower than target V̇O2 produced in TM/C and a higher than target V̇O2 produced in C/TM (Fig. 6), although these differences remained quite consistent throughout the 20 min of exercise (Fig. 7). These findings on the first inspection appear to disagree with what we found with intramodal comparisons. However, it should be noted that the V̇O2 we used is an absolute expression of energy expenditure and could represent a different level of relative metabolic demand depending upon mode of exercise. In a study where subjects were asked to rate their perception during treadmill, cycle, and hand-weighted bench stepping exercises, Robertson et al. (1990a) have demonstrated similar RPE at the same percentage of mode-specific V̇O2max. Thus, under these cross-modal conditions, in which maximal aerobic power can differ significantly, it would be more meaningful to compare metabolic demand on a relative basis. The relative metabolic demands these absolute V̇O2 values represented during the respective production trial cannot be determined as we did not measure V̇O2max for the mode that was used during the production trial in either TM/C or C/TM. However, using the average V̇O2max of the same mode obtained from other groups, we found that the V̇O2 values produced at both intensities closely approximated 50% and 70% of the mode-specific V̇O2max in TM/C and C/TM, respectively (Table 2). In addition, using the average HRmax of the same mode obtained from other groups, we found that HR produced at both intensities centered around 70 and 85% of mode-specific HRmax in TM/C and C/TM, respectively (Table 2). These percentages of HRmax have been shown to correspond to 55 and 75% V̇O2max, respectively (Powers and Howley 2001). It appears that when the type of exercise is not that from which the target RPE was developed, one can use the same rating to produce an intensity eliciting a similar percentage of mode-specific V̇O2max, and this technique works equally effective throughout 20 min of exercise. 

The present findings are in contrast with those of Grant et al. (1993) and Farrell et al. (1982) who have found a progressive increase in RPE despite a fairly stable V̇O2 during exercise. It should be mentioned that these previous studies have used a much higher intensity that is close to 80% V̇O2max. It is possible that this intensity may have produced metabolic and physiological changes that are sufficient to prevent subjects from rating their effort solely based upon the level of metabolic demand. This contention may be supported by the fact that in the study by Farrell et al. (1982), the upward drifting in RPE over time was much smaller during exercise at 60% as compared to 80% V̇O2max. It should be mentioned that in these previous studies, RPE was not introduced and anchored prior to the measurement and RPE was obtained via an estimation process in which subjects were simply asked to rate their overall effort during exercise at any given time. In the present study, however, we used the estimation-production model, in which our subjects were asked to produce a previously estimated perception in a proprioceptive fashion. It is possible that the rating process we used may have demanded a greater level of awareness and thus helped maintain perceived exertion that was more reflective of metabolic demand. 

Contrary to most previous studies, we used the OMNI scale to assess the intensity of perceived exertion for both treadmill and cycle exercise. As shown in Figs2 and 3, this scale contains both pictorial and verbal descriptors positioned along a numerical range of 0–10. It was our contention that the pictorial attachment of this scale would facilitate the recall process in an effort to produce the target intensity experienced previously. It should be mentioned that in the current study, RPE served as an independent variable to be produced during exercise in which intensity is self-regulated and V̇O2 and HR were the two dependent variables to be compared between the estimation and production trials. In this context, research outcomes of this study may be relatively independent of what type of RPE scale being adopted, so long as the same scale is used for both the estimation and production trials and the scale is discriminatory, yet proportional in reflecting the level of metabolic demand or exercise intensity. Using an estimation-only modal, Robertson et al. (2000) and Utter et al. (2002) have demonstrated a positive and linear correlation between RPE as assessed by the OMNI scale and V̇O2, HR, or workload during incremental treadmill and cycle exercise. In the present study, this similar relation between RPE and physiological mediators was also observed in all our subjects. In addition, we have requested eight subjects to rate their exertion using both the OMNI and the Borg 15-point scales (Borg 1973) during treadmill and cycle GXT. As shown in Fig. 8, we found a linear increase in RPE as a function of exercise intensity that was nearly identical between the two scales during either type of exercise. 

In conclusion, using the OMNI scale perceived exertion is effective not only in establishing the target intensity at the onset of exercise, but also in maintaining the intensity throughout 20-min of exercise. This technique also enables an individual to produce and maintain a similar percentage of mode-specific V̇O2max when the type of exercise is not the one from which the target RPE was developed. Further study is needed to examine whether this prescriptive approach is also valid when exercise is performed at higher intensities and/or for a longer duration. 

