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Abstract
The purpose of this study was to synthesize research literature regarding Maximal Lactate Steady State (MLSS) training regime and Long Slow Distance (LSD) training regime and to determine which program leads to premier performance in endurance athletes.    


Though this study, 15 research embedded articles and 6 peer reviewed articles were examined.  The data analysis included calculations of effect size and independent t-tests.  The two regimes were tested on 3 main criteria and five categories were examined for additional analysis.  The 15 research articles reported their findings into three main physiological adaptations, Heart Rate (HR), Maximal Oxygen intake (VO2max), and Blood Lactate (BL).  Effect sizes and Independent t-test were calculated I these three areas.  Five other categories were also examined for further analysis, age, gender, mode, duration, and intensity.

It was found in this study that when comparing MLSS regime to LSD in regards to heart rate, there was no significant difference.  When comparing MLSS to LSD regimes in respect to Maximal Oxygen consumption, there was no significant difference.  However, when comparing MLSS to LSD regimes in reference to blood lactate there was a significant difference, p < .01.  The MLSS regime trains the Lactate Threshold where the LSD regime does not, leading to higher performance training.  Age and engaged muscle mass were found to have inverse relationships with MLSS.  Approximately 50% of the studies recorded intensities of 75 – 90% of VO2Max for MLSS.  It was also determined that duration should be 30 minutes to 1 hour unless the subjects are adolescent, 20 minutes or less.  Unfortunately, there was not enough information on Gender differences.

Introduction

This study will examine the difference between athletic endurance performance when using a Maximal Lactate Steady State training regime versus a more traditional Long Slow Distance regime.  This introduction section will include (1) background, (2) statement of the problem, (3) operational definitions, (4) limitations, (5) delimitations, (6) assumptions, and (7) summary.
Background:


Fitness is the main philosophy that supports my teaching strategies, goals, and objectives as a physical educator.  Since obesity has become an epidemic among school age children as well as society as a whole, the fitness philosophy within physical education has plausible foundation.  Moreover, according to Corbin and Pangrazi’s (2001) response to the conclusions of the Surgeon General’s Report, in reference to obesity, consequential improvement is achieved through aerobic activity.  Additionally, the Surgeon general’s Report continues, one that can maintain a regular aerobic activity that is longer in duration and more vigorous in intensity will have increased benefits (Corbin & Pangrazi, 2001).  Enhancing my knowledge in the area of aerobic health will further support my teaching philosophy and strengthen my pedagogy. In addition to the classroom, I also address fitness as coach of three varsity level endurance sports (cross-country running, Nordic skiing, and track).  While I have had the opportunity to coach many young athletes to competitive levels, I am striving to take these students to the next level as well.


In several studies, including Heath, Hagberg, Ehsani, and Holloszy (1981) and Gregory (1979), the concept of building an enormous aerobic base though Long slow distance (LSD) to increasing maximal oxygen consumption (Vo2Max) has been presented as a key variable to aerobic performance.  This school of thought has been around at least since the 1970’s.  Coaches’ from the 1970s and 1980s promoted this concept as a cutting edge training regime.  The LSD concept was executed by keeping the heart rate relatively low, 60% to 80% of the difference of one’s age and 220 or MaxVo2 if measured.  Athletes would then complete long distances and/or long duration work- outs, 1-3 hours in length.  This would be done for at least two phases of a yearly training program, or approximately six months a year.  In order to peak, athletes would then incorporate speed work and intervals.  Heath, Hagberg, Ehsani, and Holloszy (1981) conducted a study comparing the physiological difference of young and old endurance athletes.  In this research, the training regime used to test these top level athletes was LSD combined with intervals.  

 Wilmore and Costill, (1999) has been determined that through aggressive training, an athlete will eventually reach the maximal ability to increase VO2Max, which was previously thought to be determined by genetics, gender, and age.  Additional LSD will not benefit the athlete’s ability to consume more oxygen or Vo2Max, this referred to as the “upper limit” (Wilmore &  Costill, 1999).   Also determined by Wilmore and Costill (1999), an athlete’s lactate threshold, the ability of the body to flush and use lactic acid, does improve consequently improving endurance performance.  Therefore, some research has focused on a training regime that is close to the lactate threshold.  Maximal Lactate Steady State at lactate threshold (MLSS) is the body’s ability to continue exercise at or just below the Lactate Threshold (LT) for long periods of time (20 minutes to 1+ hour). Burowski (2000) and Daniels (1998) have suggested through their research that restraining training intensities below lactate threshold and keeping them at a steady rate over a period of a few weeks before gradually increasing the intensity will yield improved aerobic endurance.  Pringle and Jones (2002) also concluded that exercise above the power output of MLSS does not increase oxygen consumption (Vo2).  Additionally, it was shown that MLSS over Critical Power (CP) signifies the upper limit of exercise in cycling (Pringle & Jones, 2002).

As studies on aerobic conditioning have been investigated, the focus of training intensity in relation to Vo2Max and Lactate Threshold (LT) has become controversial and even interchangeable. Some studies have focused on Vo2max while giving relatively little attention to LT.  Kemi, Haram, Loennechen, Osnes, Skomedal, Wisloff, and Ellingsen (2005) concluded that high intensity training increases Vo2max and performance.  Yet another study (as cited in Billat, Sirvent, Py, Koralsztien, & Mercier 2003) found that training at 75% of Vo2max for 9 weeks increases Vo2max and LT.  Other research by Bergman, Wolfel, Butterfield, Lopaschuk, Casazza, Horning, and Brooks, (1999) has concluded that improved LT, following endurance training, differs depending on exercise intensity. The optimal duration for MLSS, determined through a test on 10 high school boys, needs to be at least 20 minutes (Beneke, Schwarz, Leithauser, Hutler, and Von Duvillard, 1996). Though the concept of MLSS can be applied to various modes of endurance exercise, Beneke (2003) found that different modes of endurance exercise cause a difference in the MLSS level. This is due to the unique loads applied to specific muscles used for a given mode of exercise.  The area of lactate threshold training, specifically in relation to Maximum Lactate Steady State (MLSS) has seen little examination and would warrant an investigation.  Through a more comprehensive understanding of the effects of MLSS and strategic application of this concept to training, a practical plan of application will be determined.  

Statement of Problem:


This study examined the difference between athletic endurance performances when using a Maximal Lactate Steady State training regime versus a more traditional long Slow Distance regime.  Through this research process, a venture will be made to answer the following questions:

1. Do males, between the ages of 14-18 years of age, implementing the MLSS-AT training regime, experience an increase in athletic performance?

2. Does a female between the ages of 14-18 years of age, and implementing the MLSS-AT training regime, experience an increase in athletic performance?

3. Does a male, between the ages of 14-18 years of age, and implementing the LSD-DT experience an increase in training and is it greater than the MLSS-AT?

4. Does a female, between the ages of 14-18 years of age, and implementing the LSD-DT experience an increase in training and is it greater than the MLSS-AT?

Definitions:

Maximal Lactate Steady State:  is the highest amount of blood lactate concentration during constant workload that is metabolized by the oxidative system (mmol l).  
Lactate Threshold defined as: the point in which oxygen is consumed and lactate begins to accumulate in the muscle,(Tlac, 4mM).
VO2max (Maximum oxygen consumption) defined as: point of maximum oxygen
consumption measured in ml kg¯¹ min¯¹  (VO2 – Tlac).
Critical Power: the maximal amount of power one can generate, above lactate threshold, that has limited time due to the body’s inability to eventually flush or use the raised level of blood lactate. (W, T).

Limitations:


The study was limited to:

1. Research from internet on-line searches including Drake memorial Library databases.

Delimitations:


The study was delimited to:

1. Individuals between the ages of 14 to 22

2. Articles from 1999 to present 

Assumptions:

For the purpose of this study the following assumptions were made:

1.   The subjects will not engage in additional training exercise other than the test itself

2.   The subjects will not use performance enhancing drugs or supplements were used

3.   The equipment(s) used in the studies was/were calibrated correctly

4.   The subjects understood the protocol for the test

Summary:


Discussed in this section is the recent concept of training endurance athletes at or slightly above a predetermined anaerobic threshold for a steady-state duration, otherwise known as MLSS.  A previous trend for endurance training was to keep the exercise intensity at 60 to 80 percent of the maximal heart rate and complete long duration, otherwise known as LSD.  Research of MLSS has shown to allow the body to adapt to use and clearing of higher levels of blood lactate, thus improving athletic endurance performance (Lajoie, Laurencelle, & Trudeau, 2000; Benke, 2003; Bergman, et. al. 1999; & Dekerle, Baron, Dupont, Vanvelcenaher, & Pelayo, 2003).  

Methods:

The purpose of this section is to provide the reader an understanding of the methods used for this research.  More specifically, this section will describe the methods of attaining and analyzing data pertinent to MLSS and LSD training programs for endurance athletes.  This section covers:  (1) sources of data (2) data coding procedures (3) description of data analysis procedures (4) summary of ideas.

Sources of Data:


The search for literature was completed via on-line databases through the Drake Memorial Library.  One database was Ebsco, the index was Academic Search Premier, and the keywords were steady state, which resulted in 77,472 hits.  The keyword was changed to MLSS, which generated 144 hits. Next, the same database and index was used changing the keyword to steady state training, which led to 136 hits.  Then the keyword was changed to Maximal Lactate steady state training, which resulted to 7 studies.  Few studies were of relevance, therefore an additional keyword was added making it Maximal Lactate Endurance Training, which led to 6 studies.  Additional keywords were used keeping with this same database and index.  “Steady State Lactate Training” were additional keywords used that generated 97 hits.  Then Ebsco database was kept; changing the index to Medline and the same key words “Steady State Lactate Training” were used again which resulted in 59 hits.  Also, the criterion just mentioned was used again adding a keyword “athletes” to the end of the key words.  This provided 12 hits.  Another Database, Elsevier, and index, Science Direct, were used along with keywords, aerobic training strategies, which generated 9 hits. Another search using Ebsco database and Eric index started with key words competitive training programs, resulting in 670 hits.  Other key words included, exercise physiology, distance running, and methods.  The most beneficial search process was from a review study’s reference list.  Billat, Sirvent, Py, Koralsztein, & Mercier (2003) reference list led to 49 related hits and a retrieval of 5 studies related to this study.

Data Coding Procedures:  


There was a total of 15 research embedded journal articles and 6 peer review articles were used for this synthesis research.  The literature studies acquired were organized into two tables including the following; Table 1: Article Findings, Table 2: Coded Variables format by study name, problem statement, subjects, instruments, procedure and design, and findings (see appendix A).  This assisted in providing a quick review of the studies and their relevant details. Moreover, an additional coding table was created for the MLSS and LSD studies specific to the interests of this synthesis research, including author/ year, age, gender, mode, intensity, duration, type (LSD/MLSS), LSD/MLSS w/ Vo2Max, and LSD/MLSS w/ Blood Lactate (see appendix A).  This table was created for the specific use of organizing the studies for data analysis.

Data Analysis Procedure:


Fifteen research articles based on Maximal Lactate Steady State (MLSS) for training programs and seven research articles that focused on Lactate Steady State (LSD) for endurance training programs were used for this analysis.  These articles were divided into two categories for comparison, LSD and MLSS.  


Effect size was used was used in this synthesis for each study.  The effect size is a calculation to determine the meaningfulness of the effect of comparing two groups’ differences. This difference of the means of the two variables, were then divided by the Standard Deviation (SD) converting the calculation into standard deviation units (Too, D. 2003).  It was then determined that if the figure is .8 or larger the effect size is large, about .5 is moderate, and .2 or less is a small effect size.  


Thus in this study, the effect sizes were compared of the variables identified; gender, age, mode, intensity, duration, type (LSD/MLSS), LSD/MLSS w/ Vo2Max, and LSD/MLSS w/ Blood Lactate. Once the effect size was calculated then an independent t-test was computed on the studies design, cross sectional or pre-test post-test.  This was done to make sure there was no influence of the study’s designs.  Also, t-test was run on the two main variables LSD and MLSS training program types.  Many of the studies reported their findings of these training programs in two common physiological adaptations, Vo2Max and Blood Lactate (BL).  T-tests were also run on the training programs of LSD and MLSS that were specific to these main reported findings. T-test allowed for a standardized comparison of factors found within the MLSS and LSD studies; age, gender, mode, intensity, duration, type (LSD/MLSS), LSD/MLSS w/ Vo2Max, and LSD/MLSS w/ Blood Lactate.  This provided the ability to determine the significance of one variable above another.  Through calculating the effect size, the influence that LSD and MLSS training had on subjects was determined.  Effect size also illuminated the impact on various categories; age, gender, mode, duration, and intensity.  The calculations and figures will be found in the results section of this study.

Summary:


In this section of the research paper, the procedure for gathering literature was mentioned.  There were 15 research articles and 6 peer review articles collected for this synthesis.  Data coding described how the studies were organized.  Lastly, the data analysis procedures were described informing how this information will be used. 

Results:


The purpose of this section to providing a view of research reviewed, actual data, calculations, and arguments presented for the topic of LSD and MLSS training programs.  This section will include (1) review of the research studies, (2) data analysis findings, and (3) summary.  The data analysis will be in two sections of quantitative and qualitative respectively.

Review of Research Studies:


The total studies for this research was 21. The number of research or experiment based studies included was 15.  The total number of peer review studies was in the amount of 6.  The studies used were both qualitative and qualitative forms of assessment.  There were 15 qualitative studies used and 6 qualitative studies used.  


Looking specifically at the types of training programs, LSD or MLSS, there was a breakdown of studies for these two types of programs.  There was 5 studies used for the LSD programs, 2 experiment based and three peer review in nature.  For the MLSS training programs there was a breakdown of 13 experimental and 3 peer review.  


There were two main types of made used in these studies.  Cycling made up 10 studies and running another 10.  Cross country skiing made up one study, while other studies combined rowing, cycling, running, cross country skiing, and cycling.  


The research studies were selected by two main criteria, training programs of LSD and training programs of MLSS.  There were a total of 12 MLSS studies selected and 2 LSD studies selected for quantitative analysis.  However, there were 27 effect sizes calculated as many of these comprehensive studies reported findings for the training programs in several different categories of physiological adaptations.  These categories include:
Figure 1 Categories of Physiological Adaptations used to determine Effect Sizes

Categories of Physiological Adaptations
Number of Effect sizes for each Category 

Blood Lactate (BL)
8

Heart Rate (HR)
6

Maximum oxygen consumption (Vo2Max)
3

Oxygen consumption (Vo2)
1

Monocarboxylate Transporter 1 (MCT1)
1

Monocarboxylate Transporter 4 (MCT4)
1

Meters Run (m)
1

Running Speed (RS)
1

Power Output at Lactate Threshold
1

Lactate Threshold (LT)
1

Velocity of onset of Lactate Threshold (vLT)
1

MLSS % of Maximal Aerobic Power (MLSS MAP) or (MAP)
1

Glucose Transport (GLUT 4)
1


Analysis based on LSD and MLSS within training programs, “hard” data including means and standard deviations before and after training, number of subjects, gender of subjects, the age of subjects, were inclusive of the criteria used to select the studies for this qualitative analysis.  By holding to these strict guidelines for the selection of the studies, integrity of data analysis was maintained.  The following studies in figure 2 were chosen for the data analysis and organized into MLSS or LSD studies.
Figure 2: Studies Selected for Quantitative Analysis

Author(s)
Category

Dekerle, J., Baron, B., Dupont, L., Vanvelcenaher, J., and Pelayo, P., (2003).
MLSS

Bergman, B., et. al. (1999)
MLSS

Lajoie, C., Laurencelle, L., & Trudueau, F., (2000).
MLSS

Slawinski, J., Demarle, J., Koralsztein, & Billat, V. (2001)
MLSS

Carter, H., Jones, A., & Doust, J.

(1999)
MLSS

Dubouchaud, H., Butterfield, G., Wolfel, E., Bergman, B., & Brooks, G. (2000)
MLSS

Evertsen, F., Medbo, J., Jebens, E., & Gjovaag, T., (1999)
MLSS

Baquet, G., Van Praagh, & Berthoin, S.,  (2003)
MLSS

Jones,A. & Carter, H.  (2000)
MLSS

Carter, J., Banister, E., & Blaber (2003)
MLSS

Billat, V., Sirvent, P., Py, G., Koralztein, J., & Mercier J., (2004)


MLSS

MacIntosh, B.,Esau, S., & Syedahl, K. (2002)
MLSS

Gollnick, P., Piehl, K., & Saltin, B. (1973)
LSD

Heath, G., Hagberg, J.,  Ehsani, A., and Holloszy, J., (1981)
LSD


As the data analysis was conducted the studies were then organized into 9 different categories in which the Effect Sizes were calculated.  Three of the 9 studies were also analyzed using an Independent t-Test for a more comprehensive analysis.  The reason for this more extensive analysis was that these three categories were the main variables of interest to this study.  These 9 categories are found in figure 3.

Figure 3: Categories for Effect Size (ES) and t-Test calculations number of studies, and number of ES, respectively.

Categories
Calculation
# Studies
# ES

LSD vs. MLSS
ES & t-Test
2 & 12
2 & 25

LSD (Vo2Max) vs. MLSS (Vo2Max)
ES & t-Test
1 & 12
1 & 2

LSD (BL) vs. MLSS (BL) 
ES & t-Test

* t = , P<.01
1 & 12
1 & 7

 Age Groups

12-18yrs vs. 19-30
ES
4 & 8
6 & 19

Gender

Male vs. Female
ES
All groups co-ed
All groups co-ed

Mode

Cycle, Run, Nordic Ski
ES
7, 5, & 1
15, 9, & 2

Duration

15-30 minute vs. 30min -1hr+
ES
2 & 7
6 & 14

Intensity

50% ∆ LT& Vo2max

60-80% Vo2Max

75% Vo2Max

80-90% Vo2Max
ES
1

2

2

5
1

3

8

7

Primary Adaptations 

Vo2Max 

HR

BL
ES
3

6

8
3

 6

 8


In addition to these quantitative studies there were 6 studies used for qualitative research. All of the qualitative studies closely qualified to be used in the quantitative analysis, meeting several but not all of the criteria.  Therefore, they were rejected from quantitative research to be used in the qualitative research.


The first study that reviewed was an experiment study of 36 males, running, and looking at the effect of running economy on running performance and whether it will improve among trained distance runners. Saunders, Pyne, Telford, & Hawley, (2004) found that running at a longer duration and at a higher percentage of VO2max will increase running economy and performance of the runner, running economy increased 8% and 5 kilometer performance increased 3%.  

The next study by Bergman, B., et. al. (1999), looked at Endurance training decreases arterial lactate concentration during continuous exercise by decreasing net lactate release, appearance rates, and increasing metabolic clearance rate. Nine men between 19-33 cycled at different intensities.  Bergman et.al. (1999) found MLSS training does decrease lactate production and increases clearance of lactate at absolute workload (65% pretest and 65% post-test) and at relative intensity (65% Vo2max at pretest compared with an intensity figured by, 65% of the new Vo2Max after training.  Regardless if pre or post the lactate rate disappear, Post absolute workload = 71.8 ±1.5 and relative intensity = 76.0± 2.3, significant at the .05 level. 

Dekerle, Baron, Dupont, Vanvelcenaher, and Pelayo, (2003) was the next study that I reviewed. They looked at the relationship between MLSS, Vo2Max, and Critical Power (CP). Eleven subjects used a cycle ergometer exercising at their chosen cadence to determine critical power.  The training intensity used in this study was 65-85% of Vo2max.  By running an Anova calculation, they determined that there was a significant difference between Critical Power, MLSS, and Vo2Max.  

Next, Mattern et. al. (2003) examined age elated changes in  skeletal muscle and enzymes, expecting power output to lower with age.  This experimental study used three different age groups, younger, middle age, and older athletes.  It was found that MLSS intensity goes down with age.

Heath, Hagberg, Ehsani, and Holloszy, (1981) did an experimental study on LSD training and compared two different age groups, 50-72 and 18-27 years old.  Running at an intensity of 60-80% of Vo2Max did the experiment.  It was determined that there was a significant difference, at the .001 level, of trained subjects using LSD training versus untrained. 


In the Beneke (2003) study exams the relationship of blood lactate with different modes of exercise.  Ten subjects of 17 ± 1.7 years old cycled, rowed, and speed skated.  There was s significant difference between rowing and cycling at the .05 level.  It was also detemined that there is a negative relationship between muscle mass and MLSS. As muscle mass goes up, MLSS goes down.


Lajoie, Laurencelle, and Trudueau, (2000) investigated the changes in physiological variables of Heart Rate (HR), relative oxygen consumption (Vo2/Kg), minute ventilation, Respiratory Exchange Ratio (RER), Rate of Perceived Exertion (RPE)and Blood Lactate (BL), during a 60 minute cycling exercise at MLSS.  The most significant difference was seen in heart rate152 ± 4 and 170 ± 3.8, significant at the .05 level.  

Another study by Slawinski, Demarle, Koralsztein, and Billat (2001) involved 6 trained runners to determine the effect of endurance training on the relationship between stride rate and aerobic energy cost would decrease by training in all-out-supra-lactate threshold run. Training was done at 50% of velocity difference, LT and VO2max and it was done over a 8 week period.  It was found that training at this intensity significantly improved Running Economy (RE) and Stride Rate variance at the .03 level.


In the Beneke, Leithauser, and Hutler (2001) research was done to determine MLSS intra-individually depends on the method of exercise.  Six males 16.5 ± 1.4 years old, were used in cycling and rowing experiment.  I was found that there is an inverse relationship with MLSS and the main engaged muscle mass.  The more muscle mass that is engaged the lower the MLSS.   

The next study by Carter, Jones, and Doust (1999) looked into the responses of Vo2Max, Heart Rate, Running Speed, and Blood Lactate in response training at MLSS by comparing trained to untrained subjects.  It was found that there was a significant difference in Vo2Max, Heart Rate, and running speed.


Dubouchaud, Butterfield, Wolfel, Bergman, and Brooks (2000) evaluated the effects of endurance training on the expression of monocarboxylate Transporters (MCT) comparing MCT1 & MCT4, before and after training.  Nine male subjects cycled at 75% of their Vo2Max over 9 weeks.  The findings include improved lactate shuttle at the cellular level. More specifically, they found MCT1 and MCT4 participate in cell to cell lactate shuttle as MCT1 assists intracellular lactate shuttle.

Evertsen, Medbo, Jebens, and Gjovaag (1999) looked the effect of training intensities on muscle enzymes.  Twenty subjects including 11 males and 9 females cross-country skied at 2 intensity groups, 60-70% Vo2Max and 80-90% of Vo2Max over 5 months.  It was found that the High Intensity Group (HIG) improved their performance over the Moderate Intensity Group during a 20-minute test. Also, muscle enzyme activity rose 6% in HIG significant at the .02 level.  

Baquet, Van Praagh, and Berthoin, (2003) analyzed the procedure to design training methods and stress the impact of aerobic training on Vo2Max in adolescents.

Sixteen subjects between 11-18 years old cycled 3-4 times a week for 30 minutes to 1 hour at 80-100% of max heart rate.  They found that intensities above 80% of max heart rate will lead to significant improvement.


Berg, (2003) discussed several limitations common to research concerning running.  The age range of the subjects was 15-25 years old and the mode was Nordic ski, run, and cycle. Berg found intensity at LT is more beneficial training intensity and large training volumes (LSD) do not promote the development of Vo2Max.  Berg also stated it was unclear whether it is better to go longer duration at sub-max and shorter duration for max Vo2 for shorter duration.


Jones and Carter (2000) examined the effect of endurance training on LT and CP.  They found that training at LT should provide the best training intensity without the accumulation of lactic acid.  Additionally, they declared that MLSS is the “Gold Standard” exercise endurance capacity.  Lastly, Jones and Carter found that training 65-100% of VO2Max will increase CP (MLSS) and decrease the VO2 slow component.


One study was done to investigate the glycogen depletion pattern during LSD training regime.  Thirteen subjects cycled 3 different duration and intensities, 3 hour, 2 hour, and 1 hour by 30%, 60%, and 90% respectively.  The finding suggest that there was a significant difference from the pre-test to the post test, 0.00 mmol/L to 3.4 ± .7 mmol/L.

Yet another study by Myburgh (2003) determined the max/submax Vo2, lactate turn point, oxidation enzymes, and slow twitch fibers are not performance predictors among homogeneous groups of elite and sub-elite athletes. Myburgh stated that increasing training mileage without increasing training intensity does not enhance performance in well-trained athletes (2003).  It was also suggested that the ability to race close to maximal aerobic capacity may be correlated with the training intensity sessions themselves. 

Billat, Sirvent, Py,  Koralztein, and Mercier (2003) looked carefully at how metabolic and protein biochemistry, exercise physiology, and sports science relate through MLSS.  They found that lactate acid was removed or metabolized easier reaching blood lactate equilibrium at higher intensities.  More specifically they found that transmitters of lactate (MCT1 and MCT4) were significantly improved through MLSS training.

Donnelly, Smith, Jacobsen, Kirk, DuBose, Hyder, Bailey, and Washburn (2004) examined the concept that exercise increases energy expenditure and helps adjust the balance of weight loss and maintenance.  It was their suggestion that the LSD training program improves performance and health.  However, their subjects were mostly untrained allowing for just about any activity to increase performance.

Data Analysis:

Before conducting the data analysis on the variables or categories, an effect size and t-test were run on cross sectional and pre/post studies to determine if this would be an influencing factor.  Cross sectional experiments did have a larger effect size of 3.71 versus a 1.17 for cross sectional studies.  The t-test, however, determined no significant difference with a t value of 1.0242 with degrees of freedom (df) of 16 (See figure 4 describing the categories of t-value calculations). Therefore, neither of the test designs (pre/post or cross-sectional) should influence the data analysis. 

Figure 4: Categories of Independent t-Test Calculations

Category
T Value
Degrees of Freedom (df)

Pre / Post versus Cross Sectional Test Designs
1.0242
16

LSD Vs. MLSS
.22088
24

LSD (Vo2Max) vs. 

MLSS (Vo2Max)
.9221
42

LSD (BL) vs. MLSS (BL)
* 7.906
27

*Found to be significant at the .01 level.

Question 1: Do males, between the ages of 14-18 years of age, implementing the MLSS AT training regime, experience an increase in athletic performance?
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Nine of the research studies included in this research men only as the subjects. Age ranges for the studies varied but included ages within the range of 14-18. An MLSS effect size for males was large, calculated at 3.062.  When the effect size for males in this age group were specific to VO2max the effect size was moderate .45.  When the effect size was calculated specific to Blood Lactate, was found to be large at 1.52. Most importantly, the t-test calculation (t value 7.906) found the MLSS training regime for males 14-18 to be significant at the .001 level, when reported in blood lactate.  When this calculation was done for Heart Rate of Vo2max there was no significant difference.  See figure 5 for comparison of effect sizes. Blood lactate since it was found significant.  

Figure 5: (Male MLSS Effect Size)

When looking at the mode of running the same way the effect size is large at 1.45, yet when considering the mode of training, males in this age range conducting MLSS training, cycling has a large effect size of 2.8, specific to smaller than the cycling.  Additionally, males utilizing MLSS have found two common duration of exercise. One range is 15 minutes to 30 minutes and has an effect size of .5.  The other duration range was seen in more studies, 30 minutes to 1 hour and has an effect size of 3. 

Qualitative Analysis:


Beneke, Leithauser, and Hutler (2001) found that there is an inverse relationship between MLSS and the mass of primary engaged muscle. Therefore, there is specific power output to muscle and the more muscle mass used then the lower the MLSS.  According to Beneke, Leithauser, and Hutler (2001) this means that modes such as rowing demand more muscle mass over cycling and will therefore have a lower MLSS.  This study was exclusive to male subjects.

Question 2: Does a female between the ages of 14-18 years of age, and implementing the MLSS-AT training regime, experience an increase in athletic performance?


Six of the research studies used for this synthesis included women with the subjects.  Age ranges also varied but were inclusive of the 14-18 years old that this research is interested in.  The average effect size for females implementing the MLSS training regime large at 3.  When the effect size for females in this age group was specific to Blood Lactate the effect size was (4) yet smaller than the male’s (9).  The effect size for females was calculated specific to Vo2Max was moderate at .31.  Moreover, an independent t-test was calculated (t value 10.24) comparing MLSS versus LSD regime for females in this age range, specific to blood lactate, and it also was found significant at the .001 level.   Figure 6 identifies the effect sizes of females in the age range of 14-18 years old. 

Figure 6: (Female MLSS effect sizes)
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When considering the mode of training for females utilizing the MLSS regime the effect size for cycling is small at .25.  The running effect size is larger at .41.  Also, the duration for MLSS training regime has two common categories, 15 minutes to 30 minutes and 30 minutes to 1 hour.  For females utilizing the MLSS regime there was a small effect size of .3 for the 15 to 30 minute and a large 1.5 effect size for the 30 minute to 1 hour.  

Qualitative Analysis:


Though Beneke, Leithauser, and Hutler (2001) finding of an inverse relationship of engaged muscle during given modes of exercise specifically used males, it may be assumed that would have similar effects on women as well. As modes of exercise that have more engaged muscle then there will be a lower MLSS.  An example of a mode of low MLSS is Rowing versus running (Beneke, Leithauser, & Hutler, 2001).
Question 3: Does a male, between the ages of 14-18 years of age, and implementing the LSD-DT experience an increase in training and is it greater than the MLSS-AT?


Two of the studies included men only as the subjects for the LSD training regime. The average effect size for males in the age range of 14-18 utilizing the LSD regime is large at (9).  When the effect size for males in this age range were specific to the LSD training regime reported by Vo2Max the effect size was large at 3.12.  When the effect size was calculated specific to blood lactate for the male 14-18 LSD regime it found be large at 4.1.  An independent t-test was calculated for males comparing LSD to MLSS specific to Vo2Max and it was found to have no significant difference.  However, when this calculation was done comparing LSD regime and the MLSS regime specific to Blood Lactate, MLSS was found to be more significant over the LSD regime.  See figure 7 as it identifies the effect size for males 14-18 utilizing the LSD regime. 

Figure 7 (Males LSD effect size)
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When in light of the mode for males conducting LSD training running has a large effect size of 3.12.  The male LSD regime mode of training that includes cycling is 4.1.  The duration for males utilizing the LSD regime was a large 7.22, all of which were 1 hour or more.  

Qualitative Analysis:

The LSD training regime focuses on high volume and long duration of exercise.  Though it has positives effects, it does not mean it is the most effect training regime.  Donnelley, et.al. (2004) state that reaching approximately 3.3 to 10 hours per week is sufficient, suggesting that the “more is better” concept is acceptable.  However, this study was based on untrained subjects. As sited in Berg (2003) large training volumes of today’s athletes do not advance Vo2max. This is true for both males and females for the above studies include both genders.

Question 4: Does a female, between the ages of 14-18 years of age, and implementing the  LSD-DT experience an increase in training and is it greater than the MLSS-AT?

The LSD regime that included women in the their subjects was a large effect size of (2).  This effect size for women in the 14-18 range utilizing LSD was specific to a moderate intensity training criteria. There were no studies that included women in reporting their findings in regards to Vo2Max or Blood Lactate. When considering the duration for females in the LSD training regime it was over 1 hour and an effect size of 2.  

Qualitative Analysis:


According to Myburgh (2003), one’s ability to perform close to their Maximal Aerobic Capacity is correlated to the intensity or training sessions. Additionally, Myburgh points out that anaerobic capacity is correlated to endurance performance due to the enhanced ability to accelerate and handle hilly terrain (2003).  Muburgh also compares the LSD intensity to the MLSS and finds that LSD does not improve performance the same way MLSS does in males and females.  By doubling training volume, LSD is high volume low intensity, one’s performance does not improve in trained subjects (Myburgh, 2003).  Also,  Myburgh (2003) states the High Intensity Intermittent Training strategy to be effective, 4-5 intervals at the MLSS rate of 80-85% Vo2Max. 


 In contrast, Donnelly et al. (2004) states that a moderate intensity is sufficient utilizing the LSD regime.  However, in the Donnelley, et al. (2004) study the subjects were untrained.  Moreover, as sited in Berg (2003) did a review study in which it was found that training intensity for endurance athletes most commonly was found at ~75%-100% of Vo2Max.  Additionally, Berg (2003) states that the volume is higher when the intensity is in the lower in of this range.  Training at LT is a leading compromise for its combination of intensity and volume, as sited in Berg (2003).  


It is suggested that in looking at African runners, intensity is highlighted over volume.  They train at vigorous intensities leading to a majority of their volume at or above LT, according to Berg, (2003).  Berg (2003) also comments that western countries seem to be in a “more is better” with low intensity philosophy (LSD), yet the African runners seem to be in dominance.
Discussion

The purpose of this section is to discuss the difference between athletic endurance performances when using a Maximal Lactate Steady State training regime versus a more traditional Long Slow Distance regime. Additionally, the following questions from the introduction section will be discussed:

1. Do males, between the ages of 14-18 years of age, implementing the MLSS AT training regime, experience an increase in athletic performance?


In answering this question the results have shown that males utilizing the MLSS training regime do experience increase in athletic performance.  Moreover the results are similar for females utilizing the MLSS training regime.  The research shows no significant difference between the LSD Vo2Max and Heart Rate and those of MLSS.  This is a logical conclusion given that the LSD program primarily targets the aerobic metabolic system of which both increased left ventricle and Vo2Max are known adaptations.  Both LSD and MLSS programs target the aerobic system; however, MLSS hits the “crossover” into the anaerobic.  Since both programs are aerobic in nature, one can conclude that they both lead to an increase in Vo2Max and left ventricle and subsequently, no significant difference in these two adaptations. The results do show a significant difference between the LSD and MLSS programs when looking at Blood Lactate levels. The calculated t-test had a significant t-value at the .001 level (9 out of 10 times this finding will be found correct). This is one of the highest significant levels.  


As Evertsen, Medbo, Jebens, and Gjovaag (1999) state, and Myburgh (2003) agrees, it is better to train at intensity of Lactate Threshold or near Lactate Threshold versus training at a low intensity (LSD). A similar concept appears in skill acquisition, when training specificity leads to better skill performance. The skill performance of an athlete is more likely to be enhanced by practicing a specific skill rather than relying on a positive skill transfer from other activities.  Likewise, as the body is introduced to higher intensity training (which simulates race conditions) performance levels increase. In racing performance, regardless of mode, the body extends itself to a high intensity bout or bouts of movement for a given amount of time.

2. Does a female between the ages of 14-18 years of age, and implementing the MLSS-AT training regime, experience an increase in athletic performance?
Females have close to the same findings as men for the MLSS training regime. Therefore, females of 14-18 years of age, implementing the MLSS training do experience increased athletic performance.  The MLSS training program includes an element physiological adaptation, Lactate threshold, which LSD does not.  Therefore, it could be concluded that the MLSS training program is more effective since it includes the adaptation of lactate threshold and has been found more significant than LSD at the .oo1 level. 

Like the males, females benefit from the MLSS training near or at the Lactate threshold. By utilizing the MLSS training concept, the body is trained to the point of being able to tolerate this high intensity movement via physiological adaptations.  Physiological adaptations that occur in conjunction with MLSS training are increased Lactate Threshold, increased percentage of Vo2Max, increased Left Ventricle (decreased resting heart rate), and an increase in both MCT1 & MCT4.  Interestingly enough, the results demonstrate that Vo2Max shows the largest effect size.  However, it is also one of the most common tests conducted by exercise physiologists, and most studies included such a test. 

The Lactate Threshold (or Blood Lactate), MCT1 and MCT4 are of the greatest interest in this study.  Ultimately this study is a comparison between the LSD program, which does not include blood lactate, and the MLSS program, which does include blood lactate.  This is assuming that interval training is held constant. Two of the three main physiological adaptations that were found to be significant through MLSS training were related to blood lactate.  An increased Lactate threshold means the body is able to tolerate and/or metabolize blood lactate in higher amounts.  This allows athletes to maintain high speeds for longer periods of time or to achieve higher speeds for the given duration.  The MCT1 and MCT4 are transporters that aid in moving blood lactate, which enhances the body’s ability to reach blood lactate equilibrium during performance or high intensity exercise bouts.

3. Does a male, between the ages of 14-18 years of age, and implementing the LSD-DT experience an increase in training and is it greater than the MLSS-AT?


The findings for males, 14-18 years of age and implementing the LSD training regime do experience an increase in performance, primarily the Vo2Max and increase in left ventricle, but they do not experience increase greater than the MLSS training regime.  The LSD training regime allows for increase in athletic performance because it does train the aerobic system, specifically an increase in Vo2max and increase in left ventricle.  However, the MLSS training regime does the same but also allows for additional adaptations to take place improving the lactate threshold.

4. Does a female, between the ages of 14-18 years of age, and implementing the  LSD-DT experience an increase in training and is it greater than the MLSS-AT?


Similar to the findings for the males, females 14-18 years of age implementing the LSD training regime do experience increase in athletic performance but it is not greater than the MLSS training regime.  Women also experience the same adaptations of Vo2Max and increase left ventricle but like men the LSD training regime does not challenge the Lactate threshold that cause the MLSS training regime to produce greater athletic performance.

Limitations:


One limitation of this study is that various researchers report MLSS in different variables or physiological adaptations.  This leads to a more challenging comparison of the findings.  Another limitation of this study is that number of MLSS studies to LSD studies was uneven.  However, MLSS is a cutting edge concept that is picking up momentum while LSD, on the other hand, is an “older” concept and therefore more difficult to find.  Also, many of the studies used mixed gender subjects or just men.  It was therefore difficult to determine gender differences in the programs.

Conclusion:

1) Do males, between the ages of 14-18 years of age, implementing the MLSS AT training regime, experience an increase in athletic performance?

Many coaches have had the mindset that simply increasing an athlete's Vo2Max was the only focus necessary to develop a great athlete.  However, studies (Berg 2003) have shown that a high Vo2Max does not necessarily equal high performance. Rather, it is Lactate Threshold along with a respectable Vo2Max that leads to the highest levels of performance.  Males of 14-18 years of age were found to have a significant difference over Males in the LSD training regime leading to a greater athletic performance in endurance athletes.


Researchers compared the intensity at which to engage in MLSS training based off of Vo2Max.  All of the different intensity groups in the results had large effect sizes.  The largest effect sizes were in the groups 75% of Vo2Max and 80-90% of Vo2Max.  Therefore, the higher percentage of Vo2Max for the intensity may be most beneficial.  As Daniel’s (1998) points out, however, the MLSS intensities should gradually increase so that the maximal physiological adaptations can take place before progressing to a higher percentage. Therefore, progressing to the higher percentages of Vo2Max for the MLSS intensity will be most beneficial.

One can also conclude from this study that for the 14-18 year old age group, performance does improve with MLSS training.  Studies suggest that this particular age group stay less than 30 minutes for MLSS bouts. However, there may be isolated cases in which individuals of this age group will be able to handle longer MLSS bouts.  One needs to keep in mind that athletes in this age group are still growing and their bodies may not be able to handle extended MLSS bouts.
2) Does a female between the ages of 14-18 years of age, and implementing the MLSS-AT training regime, experience an increase in athletic performance?

Females like males have found to have a significant difference over the LSD training regime.  Both male and female should consider the mode of exercise when training in the MLSS regime.  The mode of exercise has an inverse relationship with MLSS and the amount of muscle that is engaged.  The mode that had the highest recorded engaged muscles was rowing, however, the studies did not take into consideration cross country skiing or swimming.  It can be concluded that MLSS will be higher in modes in which there are fewer engaged muscles, running and cycling, followed by cross country skiing.


When determining effect sizes for the duration of MLSS bouts, studies show a large effect size for bouts lasting 30 minutes to 1 hour and a moderate effect size for bouts of 15 to 30-minute duration (Bergaman et. al. 1999; Lajoie, Laurencelle, & Trudueau, 2000; Slawinski, Demarle, Koralsztein, & Billat, 2001; Dobouchaud, Butterfield, Wofel, Bergman, & Brooks, 2000 & Heath, Hagberg, Ehansani, & Holloszy, 1981).  Therefore, it can be concluded that for both females and males in the MLSS training regime, that both time frames are beneficial. The trained athlete will benefit from longer MLSS bouts. However, individuals that are not well trained, or adolescents that are still growing, for example, may effectively utilize the shorter duration.

3) Does a male, between the ages of 14-18 years of age, and implementing the LSD-DT experience an increase in training and is it greater than the MLSS-AT?

Based on the problem statement, the difference between athletic endurance performances of MLSS and LSD programs, an examination of the research demonstrates that the MLSS training regime will increase athletic endurance performance over LSD in males and females of the same age group 14-18 years of age.  MLSS has a significant difference in its capacity to enhance the tolerance of blood lactate, which allows the athlete to handle overload situations such as, hilly terrain and sprints, or simply holding a faster pace during performance.  Differences were not found between genders due to a lack of available information.   

4) Does a female, between the ages of 14-18 years of age, and implementing the  LSD-DT experience an increase in training and is it greater than the MLSS-AT?

Males and females 14-18 years of age also benefit from the LSD training program.  Data analysis suggests that LSD training will improve both Vo2max percentage and size of left ventricle or heart rate. Since there was no significant difference between the two programs in regards to these physiological adaptations, one can conclude that both training programs improve Vo2max percentage and size of left ventricle.  However, LSD training does not show an improvement in endurance performance compared to MLSS training since it was found significant p < .001 for blood lactate or improving the Lactate Threshold.  Therefore, males and females between the ages of 14-18, do not experience increased performance greater than the MLSS training regime.
Future Research:

The next step in this area of research is to find practical applications of this information in order to improve coaching strategies.  It is not feasible for a high school coach to calculate Vo2Max, as it requires as great deal of equipment in addition to blood draws necessary to calculate lactate threshold.  When attempting to assess the physiological condition of athletes, the practicality of these methods is limited at best. Potential further areas of investigation may include an examination of Lee Borowski’s (2000) concept of determining Lactate Threshold. In this approach, athletes complete a half-hour run on a flat surface. At the end of the run, athletes can estimate their Lactate Threshold by their average heart rate from the half-hour bout, which is then used to formulate future training sessions.

Additionally, Dr. Jack Daniels (1998) of Cortland has created tables that help prescribe workouts complementary to MLSS training.  Daniels' tables are based on race times that take into consideration the athlete’s improved condition.  Moreover, future research may include integration of interval training with the MLSS training regime, determining the most effective interval training to complement MLSS.   Lastly, research should look at the differences in males and females with regards to MLSS training.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

Appendix A

Table 1 Article Findings

Study
Problem Statement
Subjects
Mode


Procedure & Design
Finding

 

Saunders, P., Pyne, D., Telford, R. & Hawley, J. (2004).
The effect of  running economy on running performance will improve among trained distance runners
36 male rec. runners


running


Continuous

6 x 4min

30 x 15 sec.

Simulated race


 running at a longer at a percentage of VO2max will increase RE and performance of the runner

long repetition better than short

  RE 8%, 5km perf 3%

  

Bergman, B., et. al. (1999)
Endurance training decreases arterial lactate concentration during continuous exercise by decreasing net lactate release, appearance rates, and increasing metabolic clearance rate. 
9 Men

19-33 yrs
Cycle Ergometer


*5 times a week for 9 weeks

*Intensity 45% Vo2max & 65% Vo2max as Pre-test

*65% of initial Vo2max & 65% of Post Vo2max respect.
MLSS training does decrease lactate production & increase clearance lactate @ ABT (absolute workload) 65% pretest 65% post & @ RLT (relative intensity) 65% Vo2max  regardless if pre or post 

Lactate Rate Disappear Rd pre 45%= 61.6 ± 1.5, pre 65% = 69.5 ± 1.8 Post ABT = 71.8 ±1.5 & RLT = 76.0± 2.3

*P <.05 

Dekerle, J., Baron, B., Dupont, L., Vanvelcenaher, J., and Pelayo, P., (2003).
To assess the relationship between MLSS, VT2 () and CP critical power with subjects exercising at their chosen cadence on a cycle ergometer
11, males

*23 ±  2.9
Cycle Ergometer

*
4 reps @ 30 min

*Intensity 65-85% Vo2max


Mattern, C., et. al. (2003)
Age related changes in skeletal muscle composition and enzyme activity will result in a lower power output at MLSS in master athletes
3 groups

1) 25.9 ± 1 (YA)

2) 43.2 ± 1 (MA)

3) 64.6 ± 2.7 (OA)
Cycle Ergometer
*2.5 weeks

*Intensity

1) 80.8 ± .9%

2) 76.1 ± 1.4%
3) 69.9 ± 1.5%
MLSS intensity goes down with age (Inverse relationship)

Heath, G., Hagberg, J.,  Ehsani, A., and Holloszy, J., (1981)
LSD
*50-72 years old

vs

18-27 years old

*males
Running
Method = LSD/interval

60-80% Vo2max


Beneke, R., (2003).


This study evaluates two tools interpretation of the relationship of (form, distrib, & utiliz of BLC) of the enegetics of modes of exercise and BLC
10 junior 

17 ± 1.7
Cyclergometer

Gas analyzer
3 modes

Rowing

Cycling

Speed skating

*BLC is measured in each modality during 30 min constant load tests

*measuring:

-Vo2peak

-MLSS workload

-MLSS %vo2max

-MLSS mmol/l
Rowing vs Cycle only sig difference was MLSS mmol/l (C) @ 4.8± 1.2  ( R) @ 3.4 ± 1.0 (P<0.05)

 *MLSS is best determined by the best workload per unit of mass of working muscle

*Neg correlation btn workload @ MLSS & est mass muscle engaged in different modes. R=-.86. p<.002

*rowing 7mmol/l

*cycle 5.5 mmol/l, 

*running: 4.2 mmol/l

*rowing 3.5 mmol/l

Suggest constant load test of 75% VO2max for cycling and rowing & 76% & 77% for cycle & rowing respectively

Lajoie, C., Laurencelle, L., & Trudueau, F., (2000).
The purpose of this study was to document the changes in Physiological variables (HR, VO2/kg, minute ventilation, respiratory exchange ratio (RER), rate of perceived  exerction (RPE), BLC.) during a 60 minute continuous exercise at MLSS
1 female & 9 male

28.3 BL8.1 

trained cyclist
Subjects own bike mounted on a Computrainer ergometer (Racermate Computrainer Professional)

*Polar heartrate mon.

*Gas analyzer
*1st session, take physiological measurements

*progressive exercise test (helped determ. individ. Speed for constant test)

**Constant load test 60 min., B Lact. Recorded every 10 min, MLSS determined when BL were ±.75 mmol/L from 10m to 60m
*BLC was not sig diff however it slowly dropped until 60 min was almost the same as 5min

*Sig at .05 for 60min in order appearance: HR, RER, RPE,Vo2/kg, & min ventilation

BLC: Pre (5m) 4.27 ± .25 60m: 4.27 ± .37
HR: (5min) 152.8±4.4, (60) 170 ± 3.8

*best way to control MLSS exercise intensity = BL, *convenient + device measuring wattage (cyclerometer, treadmill)

*economical: HR could be used but watch Cario drift at upper ends (dehyd, recruit inefficient type II muscle)



Mocellin, R., 

Heusgen, M., & 

Korsten-Reck, U.


Whether anaerobic threshold evaluated in adults are pertinent to children
10 boys 

*mean age 11.2

*active & interested in different sports, mainly soccer
*treadmill


*2 weeks

*4 x 16 minutes @ a constant of 70% of max speed

*.05 km/h was added to the speed for each additional run
* r= .39  of anaerobic threshold values and maximal steady state

* not significantly diff. from zero

Slawinski, J., Demarle, J., Koralsztein, & Billat, V. (2001)


Determine the effect of endurance training on the relationship between mechanical endurance training on the relationship between stride rate & aerobic energy cost would decreased by training in all-out-supra-lactate threshold run. 
6 well-trained distance runners

(175± 6cm, 72 ± 9 kg, 27± 4 years)
track


Pre-Post Vo2max test

8wks 50% velocity diff. Lactate Threshold &  Vo2max

(vΔ50)
Training at 50% of velocity difference, LT and VO2max, over 8 week period significantly improved RE and Stride Rate variance

 -Running Economy improved p = 0.03

-Energy Cost: unchanged: p > 0.1

-Stride Rate Variability decreased: p = <0.03

Beneke, R., Leithauser, M., & Hutler, M.

(2001)
To determine MLSS intraindividually depends pm the mode of exercise
-6

-16.5 ± 1.4 yrs

-Male
-Row ergometer, brake load of 27N

-Cycle ergometer

-hyperaemic ear flap (BLC)


Incremental constant load test on rowing and cycle erometeres

-6-10 hrs wk train.

-1-2 years

-specific training in boat, non-spec= run, cycle
-MLSS lower in rowing 2.7± .6 vs cycling 4.5± 1 mmol/L (p<.o5)

-Inverse relationship MLSS ↓w/ ↑ in mass of primary engaged muscle

-more muscle mass less MLSS

-Diff. levels MLSS @ similar levels O2 uptake, relative exercise intensity & HR

-Therefore, MLSS is specific to the mode b/c of the unique muscle group mass vs. one another

Carter, H., Jones, A., & Doust, J.

(1999)

-24

-16 train & 8 control

-23 ± 4 yrs
-treadmill

-gas meter

-fingertip capillary blood sampler
-6 wk training 

-2x20 continuous @LT

-1x30 interval (2min segments)

-mode = running
-Sig ↑ Vo2Max & Speed @ LT

-Able run @ ↑ velocity (11.9 km.h) when reach 3 mmol/L accum @ Post test- Pretest = 11.2 km.h (p< .05)

-Vo2Max ↑ 9.9% (47.9 ± 8.4 ml.kg.min to 52.2± ml.kg.min) 

-HR 177±9 to 176± 9 bts.min
-Effect Training on MLSS: run speed @ MLSS  ↑ sig. from 13.3± to 13.9 ±1.6 km.h

-BL no sig diff. but it did lower 3.4± .06 to 3.3±.7

*This does not mean no effect, for the body may be clearing /transporting more efficiently as we have evidence in  ↑ velocity
-

Dubouchaud, H., Butterfield, G., Wolfel, E., Bergman, B., & Brooks, G. 

(2000)
To evaluate the effects of endurance training on the expression of monocarboxylate transporters (MCT) comparing MCT1 & MCT4, before and after training
-9

-27.4±2yr

-males
-Cycle ergometer

-motor driven glass homogenizer

-Beckman DU-640 Spectrophotometer
-Training @ 75% Vo2Max,                   -last 2 wks change to last 10 min of the 1hr turn into interval              -9wks @ 6 days for 1hr
-Improved transport LA @ cellular level

-Endur Train. (MLSS) ↑ expression of MCT1 in muscleb/c the incertion of MCT1 into both sacrolema & mitoch membrames

-MCT1 & MCT4 participate in cell to cell lactate shuttle MCT1 facilitates operation of the intracellular lact. shuttle

Evertsen, F., Medbo, J., Jebens, E., & Gjovaag, T., (1999)
Examine the effect of training intensity on the activity of enzymes in muscle (vastus lateralis)
-20 cross country skiers

-11 men & 9 women

-18±1yr
-Cross Country Ski

-Muscle biopsy needles

-motorized treadmill
(training included running, roller skiing, & cross country ski)                 -high group 80-90% Vo2Max (MLSS)

-Low Group 60-70% Vo2Max (LSD)                        -12hr wk @ 5 mth
-High IntensityGroup (HIG) improved their performance more than the MIG based on a 20min run test

-Train @ inten near LTvs train low int

-SDH enzyme activity rose 6% in HIG (p<.o2)

-reg training intensity above LT& involving anaerobic energy release and lactate production ↑ activity of PFK enzymes

-end train. @ moderate intensity reduces the activity of anaerobic enzymes

-no differ in gender

+correl 3 enz(CS, SDH, & GPDH) & performance, gender pooled = high perf=high aerobic enzyme act

Baquet, G., Van Praagh, & Berthoin, S.,  (2003)
Analyze procedure to design & training methods to highlight the real impact of aerobic training on Vo2Max in adolecents
11-18yrs

males

females
Cyle & treadmill ergometer

-Poertable gas analyzer
-3-4 sessions wk

-30 min-1hr

-length prog. No sig found

-80-100% max HR
Intensities ↑ tha 80% max HR are necessary to expect sig improve. Vo2max (Intensity main factor)

-Mix programs tough to measure, most include cont run 80%+ 7 100, 200, 600 800m @80-90%

Berg, K (2003)
To discuss several limitations common to research concerning running, to ID selected areas where additional research is needed.
15-25yrs

Mode: Nordic ski, run, cycle
6.5 vs. 7.8 mmol/L  (body able to tolerate more lactate

-Intensity = more sig change in perf. LT, VO2Max than longer duration (LSD)

-Intensity at LT most beneficial training intensity(unclear better high but submax for longer time or Max Vo2 for shorter) 

-Large training volumes (LSD) do not promote develop VO2mx

Jones,A. & Carter, H. (2000)
Considers the effect of  endurance training on key parameters of aerobic fitness and attempts relate adaptation changes to training


5-240 min @65-100 Vo2Max
Training @ LT should provide the best train. Stimulus w/out accum. Of LA 

-MLSS is “Gold Standard” for exercise endurance capacity (also referred to as CP)

-Endurance training ↑ CP (MLSS) & decrease Vo2 slow component (found in 1st 2-6 min of exercise)

Heath, G., Hagberg, J., Ehsani, A. & Holloszy, J. (1981)
(LSD)  the purpose of this obtain insights regarding the effects of aging in individuals that maintain high level of training 
16, 

22±2 yrs

male
-Treadmill & Cycle ergometer

-dry gas meter

-Spectrometer
-ave wkly miles 57.4, range of 48-90 miles week with intensity of 60-80% Vo2Max
-Vo2Max = 69±2.3 ml/kg/min

-HR = 197±7

-Elite runners achieve 85+ miles a week

-The result of individuals Vo2Max was closely related to the total miles achieved per week (LSD concept more is better)

Gollnick, P., Piehl, K., & Saltin, B. (1973)
The purpose of this study is to study glycogen depletion pattern in human skeletal muscle fibres following exercise lasting several hours
13

-24±5

-male
- Cycle ergometer         

-dry gas meter

-Spectrometer
3hr, 2hr, 1hr @ 30%, 60%, & 90% respectively

-lactate test & muscle enzyme test
BL

-L: 0.0 mmol/L

-M 1.0 mmol/L

-H 3.8 mmol/L

-L activate 75% ST & 5% FT

H activate 58% FT & 44%ST

Myburgh, K.  (2003)
To determine tht Max/submax Vo2, L Turnpt, Ox. Enzymes, & % ST, are not as effect perf. Predictors among Homogen grps of elite/sub-elite athletes


↑ training milage w/out ↑ intensity (LSD)

-HIT- contrast (High Intermittent Training)

-4-5 min interv. @ 80-85% of max power (CP/MLSS) for ~1hr
-↑ training milelage w/out ↑ intensity does not enhance perf in well trained athletes

-Ability to race close to max aerobic cap. May correlate w/ intensity of training sessions

-anaerobic cap. Correlates to endur. Perf./ ability to accelerate (or handle terrain overload CO) = supports MLSS

-Not easy to recover from large ↑ in train volume even w/ low intensity (LSD)

Billat, V., Sirvent, P., Py, G., Koralztein.J., & Mercier, J., (2003)
Cross the artificial boundaries btn metabolic & protein biochemistry, ex phys, & sport science through MLSS concept.



-endurance train. Increases express MCT1 & MCT4, which are sig improved through MLSS training 

Donnelly, J., Smith, B., Jacobsen, D., Kirk, E., DuBose, K., Hyder, M., Bailey, B.,& Washburn, R., (2004) 
To study that exercise provides a means of increasing energy expenditure & may help adjust energy balance of weight loss/mian.
Men/

women

-30 min. day @ moderate intensity
Low moderate intensity for long periods (LSD) 200-630 min a wk or 3.3-10hrs training wk @ moderate Intensity improves performance **Must consider subjest- these subjects were sedentary

Table 2: Coded Variables

 Article #
Year Complete
Age
Gender
Mode
Duration
Intensity

1 Saunders, P., Pyne, D., Telford, R. & Hawley, J. (2004).
2004
36 rec. runners
male
running
6 x 4min

30 x 15 sec.


Simulated race

2
2002
25±3yrs
7 male  1 female
Cycling
2 wks
50% of the differ. of VO2 @ LT & VO2Max

3 Heath, G., Hagberg, J.,  Ehsani, A., and Holloszy, J., (1981)
1981
18-27yr

vs. 

50-72
male
Running
(LSD)

1+hr
60-80% VO2Max

4 Mattern, C., et. al. (2003)
2003
3 Age Groups

1. 25.9±1yr

2. 43.2±1yr

3. 64.6±1yr
male
Cycling
2.5 wks
3 Groups

 80.8±.9%

76.1±1.4%

69.9±1.5%

5 Dekerle, J., Baron, B., Dupont, L., Vanvelcenaher, J., and Pelayo, P., (2003).
2003
23±2.9
male
Cycling
3-4 30min
65-85% Vo2Max

6 

Bergman, B., et. al. (1999)
1999
19-33 yrs
Male
Cycling
5 x wk

9 wks
Pre

45%Vo2Max

65% Vo2Max

Post

65% of initial Vo2max

65% of the current Vo2max



7) Lajoie, C., Laurencelle, L., & Trudueau, F., (2000).
2000
28.3
1 female & 9 male

BL 8.1 


trained cyclist
Constant load test 60 min.,


8) Mocellin, R., 

Heusgen, M., & 

Korsten-Reck, U.

11±2
boys
run
2 weeks

*4 x 16 minutes 
@ a constant of 70% of max speed

9) Slawinski, J., Demarle, J., Koralsztein, & Billat, V. (2001)
2001
27±4
8wks)
Run (track)
8 wks
50% velocity diff. Lactate Threshold &  Vo2max

10) Heath, G., Hagberg, J.,  Ehsani, A., and Holloszy, J., (1981)
1981
18-27 years 


male
running
Method = LSD/interval


60-80% Vo2max

Article
Year
Age 
Gender
Mode
Duration
Intensity

Carter, H., Jones, A., & Doust, J.

(1999)
1999
23±4

run
2x20 continuous 


@LT

-1x30 interval (2min segments)

Dubouchaud, H., Butterfield, G., Wolfel, E., Bergman, B., & Brooks, G. 

(2000)
2000
27±4

cycle
-9wks @ 6 days for 1hr
Training @ 75% Vo2Max,                   -last 2 wks change to last 10 min of the 1hr turn into interval

Evertsen, F., Medbo, J., Jebens, E., & Gjovaag, T., (1999)
1999
18±1
11 male

9 women
Cross country ski
(LSD)                        -12hr wk @ 5 mth
high group 80-90% Vo2Max (MLSS)

-Low Group 60-70% Vo2Max 

Baquet, G., Van Praagh, & Berthoin, S.,  (2003)
2003
11-18
Males &

females
cycle
3-4 sessions wk

-30 min-1hr

-length prog.
No sig found

-80-100% max HR

Berg, K (2003)
2003
15-25

Nordic ski, cycle, run

Intensity = more sig change in perf. LT, VO2Max than longer duration (LSD)

Jones,A. & Carter, H. (2000)
2000



5-240 min
@65-100 Vo2Max

Heath, G., Hagberg, J., Ehsani, A. & Holloszy, J. (1981)
1981
22±2

cycle
ave wkly miles 57.4, range of 48-90 miles week
with intensity of 60-80% Vo2Max

Gollnick, P., Piehl, K., & Saltin, B. (1973)
1973
24±5

cycle
3hr, 2hr, 1hr
@ 30%, 60%, & 90% respectively

-lactate test 

Myburgh, K.  (2003)
2003



↑ training milage w/out ↑ intensity (LSD)
-HIT- contrast (High Intermittent Training)

-4-5 min interv. @ 80-85% of max power (CP/MLSS) for ~1hr

Article
Year
Age 
Gender
Mode
Duration
Intensity

Billat, V., Sirvent, P., Py, G., Koralztein.J., & Mercier, J., (2003)
2003



30 min
Train at MLSS

Donnelly, J., Smith, B., Jacobsen, D., Kirk, E., DuBose, K., Hyder, M., Bailey, B.,& Washburn, R., (2004)
2004
Men & women


30 min. day 
@ moderate intensity

11) Beneke, R., Leithauser, M., & Hutler, M.

(2001) ↑ 
2001
16±5
Males
Row

cycle
6-10 hrs wk train.

-1-2 years


Appendix B

Table 3: Data Analysis

Article #
Age
Gender
Mode
Durat
Intensity
N
Pre-Test (M & SD)
Post-test

(M&SD)
N
Trained

(N) (M&SD)
N
Untrained

(N) (M&SD)
Effect Size
Corr fact.
PSD
Sign

Heath, G., Hagberg, J.,  Ehsani, A., and Holloszy, J., (1981)
18-27yr

vs. 

50-72
male
run
(LSD)

1+hr
(LSD)

60-80% VO2Max

Constant load test, 90%,95%100%110%



16
Vo2max 

69±2.3
9
Vo2Max

30.4±2.8
3.12
≠ N
≠ N
Yes

Dekerle, J., Baron, B., Dupont, L., Vanvelcenaher, J., and Pelayo, P., (2003).
23±2.9
male
Cycle
3-4 30min
65-85% Vo2Max
11
MLSS: 71.1±4

BL:

2.28±.38
MLSS 74.3±4

BL:

5.53±2.16




MLSS

.72

BL

7.69
>20

>20
no 

no
Yes

yes



Bergman, B., et. al. (1999)
19-33 yrs
Male
Cycle
5 x wk

9 wks

1hr
Pre 45%Vo2Max

65% Vo2Max

Post 65% of initial Vo2max

65% of the current Vo2max

MLSS/% Max Aer Pwer (MAP) 
9
% Lact oxididat.

45%=61.6± 1.5 

Vo2max 43.5±1.3

Lactate Thres (LT)-

60.9±2.7

Power Output @ LT

161.1±4.4

Blood Lactate (BL)

5.76±.69
% Lact oxididat.

RLT=76.0± 2.3 

Vo2max 50.1±1.6

Lactate Thres (LT)-

65.4±2.6

Power Output @ LT

197.2±6.5

Blood Lactate (BL)

5.43±.34




*%               8.3

*Vo2max     4.4

*LT           1.44

*PO           7.13

*BL             .41
>20

>20

>20

>20

>20
No

No

No

No

No


Yes

Yes

No

Yes

No



Lajoie, C., Laurencelle, L., & Trudueau, F., (2000).
28.3
1 female & 9 male

BL 8.1 


 cycle
Constant load test 60 min.,
-40w load

80w

-30w

100w
10
BLC: (5m) 4.27 ± .25 

HR: (5min) 152.8±4.4, 
60m: 

4.27 ± .37

60m

170 ± 3.8




BL       0.00

HR       3.78
>20  

>20
No

No


No

Yes



Carter, H.,          Jones, A., & Doust, J.

(1999)
23±4

run
2x20 continuous 


@LT

-1x30 interval (2min segments)
24


16
-Vo2Max ↑ 9.9% 47.9 ± 8.4 ml.kg.min 

-HR 177±9 bts.min

-Running Speed (RS)

13.3±1.7

-BL 3.4±.06
8
Vo2Max ↑ 9.9%

-52.2± ml.kg.min

-HR 176± 9 bts.min

- Running Speed (RS)

13.9 ±1.6 km.h

-BL 3.3±.7
*Vo2Max      .59

*HR        1.5

*RS         3.6 

*BL         2.9
≠ N

≠ N

≠ N

≠ N
≠ N

≠ N

≠ N

≠ N
Yes

Yes

Yes

no

Dubouchaud, H., Butterfield, G., Wolfel, E., Bergman, B., & Brooks, G. 

(2000)
27±4

cycle
-9wks @ 6 days for 1hr
Training @ 75% Vo2Max,                   -last 2 wks change to last 10 min of the 1hr turn into interval
9
Monocarbon.Trans(MCT1)

6.83±.64

MCT4

5.12±1.05

Glut 4

10.29±.88
Monocarbon.Trans(MCT1)

13.15±.81

MCT4

7.21±1.81

Glut 4

11.82±1.31




MCT1   8.6

MCT4 1.73

Glut4   1.51
>20

>20

>20
No

No

No


Yes

Yes

Yes

Evertsen, F., Medbo, J., Jebens, E., & Gjovaag, T., (1999)
18±1
11 male

9 women
Cross country ski
(LSD)                        -12hr wk @ 5 mth
high group 80-90% Vo2Max (MLSS)

-Low Group 60-70% Vo2Max 
20
HIG

4495±34m

MIG

4495±34m

(distance in meters)
HIG

4655±23m

MIG

4572±32m






HIG  4.71

MIG  2.26
No

No


No

No


Yes

Yes

Baquet, G., Van Praagh, & Berthoin, S.,  (2003)
11-18
Males &

females
cycle
3-4 sessions wk

-30 min-1hr

-length program
No sig found

-80-100% max HR
16
Oxygen Consump (Vo2)

44.97±4.7 ml.kg.min
Oxygen Consump (Vo2)

46.5±4.7 ml.kg.min




Vo2     .31
>20
No               
Yes

Jones,A. &

 Carter, H. (2000)
16
Males

Females
Run
5-240 min
@65-100 Vo2Max
16
HR

175.8±19.5

BL

2.017±1.34
HR

167±21

BL

1.367±.84




HR     .42

BL      .46
>20

>20
no
yes

Article #
Age
Gender
Mode
Durat
Intensity
N
Pre-Test (M & SD)
Post-test

(M&SD)
N
Trained

(N) (M&SD)
N
Untrained

(N) (M&SD)
Effect Size
Corr fact.
PSD
Sign

Carter, J., Banister, E., & Blaber (2003)
19.3±.5 (M)

20.2±1(F)
Male

Female
Run
12 wk

-4 x week

-40-60 min
70-90% max HR

-4 wks then taper (75% of prev. then 50%)

-4wks 20% more
20M

20 F
HR

147±.6 beats/min
HR

137.4±.84




HR     16


No
no
yes

Gollnick, P., Piehl, K., & Saltin, B. (1973)
24±5

cycle
3hr, 2hr, 1hr

LSD
@ 30%, 60%, & 90% respectively

-lactate test 
13
BL

--.3±.08 mmol/L


BL

3.4±.7 mmol/L






4.1
>20
≠ var
Yes

13) Billat, V., Sirvent, P., Py, G., Koralztein, J., & Mercier J., (2004)
40  yr 

Run
30 minute

6 wks training
Train @ MLSS
9
BL

3.7±.08 mmol/L

HR

162±6.27
BL

4.3±1.4 mmol/L

HR

170.66±3.72




BL   .37

HR     1.20
>20

>20
≠ var

no
Yes

yes

14) MacIntosh, B.,Esau, S., & Syedahl, K. (2002)


27.2±3.7
Males/ Females
cycle
2 x 20 min time tr

2 x LMT (Lac Min Test)

4 constant speeds
Lactate minimum Test
14
6.3±2.2

HR

162±10.5
7±1.7

HR

160.5±12




LMT   .30

HR      .13
>20

>20
No

No
Yes

yes

Table 4: Calculations of Standard Deviations

Billat, V., Sirvent P., Py, G., Korellsztein, J., & Mercier, J. (2003).
PRE  HR


POST



X
x-M
x-M2
Y
Y-M
y-M2

165
-5.66
32.0356
155
-7
49

168
-2.66
7.0756
160
-2
4

170
-0.66
0.4356
163
1
1

173
2.34
5.4756
170
8
64

175
4.34
18.8356


0

173
2.34
5.4756


0

1024
0.04
69.3336
648
0
118

170.66


162



SD= 3.72


SD= 6.27



Jones, A., Carter, H. (2003)

PRE  HR


POST



X
x-M
x-M2
Y
Y-M
y-M2

148
-27.833
774.6759
140
-27
729

160
-15.833
250.6839
150
-17
289

172
-3.833
14.69189
160
-7
49

185
9.167
84.03389
172
5
25

190
14.167
200.7039
185
18
324

200
24.167
584.0439
195
28
784

1055
0.002
1908.833
1002
0
2200

175.8


167



SD= 19.5


SD= 21



























































PRE LT


POST



X
x-M
x-M2
Y
Y-M
y-M2

1.2
-0.8166
0.666836
1
-0.3666
0.134396

1.1
-0.9166
0.840156
0.8
-0.5666
0.321036

1
-1.0166
1.033476
0.9
-0.4666
0.217716

1.8
-0.2166
0.046916
1
-0.3666
0.134396

2.5
0.4834
0.233676
1.5
0.1334
0.017796

4.5
2.4834
6.167276
3
1.6334
2.667996

12.1
0.0004
8.988333
8.2
0.0004
3.493333

2.0166


1.3666



SD= 1.34


SD= .84



Appendix C 

Purpose

This study will examine the difference between athletic endurance performance when using a Maximal Lactate Steady State training regime versus a more traditional Long Slow Distance regime. 

Rationale:

As a coach of three aerobic sports (Cross-Country Running, Cross-Country Skiing, and Track), I am evaluating the most effective training method to incorporate in my athletes’ regimes. I have typically implemented a traditional aerobic training philosophy that promotes achieving high mileage at a slow intensity. This method is more commonly known as Long Slow Distance (LSD).  LSD is commonly combined with interval training, both short hard bouts, which are mostly anaerobic. However, there is a relatively new training philosophy that is gaining popularity, called Maximal Lactate Steady State.

The Maximal Lactate Steady State, or MLSS, training philosophy combines both intensity and duration. MLSS focuses on an intensity that is close to, and maintained just below, the lactate threshold. Some research has suggested that by following this new philosophy, the body is able to make more aerobic adaptations which enhance aerobic performance (Billat, Sirvent, Koralsztein, & Mercier, 2003).  Through this study I would like to determine if the MLSS training philosophy is indeed more effective than the traditional training regime. As a coach, the caliber of athletes I seek to train are those who would qualify for state championships and Junior Olympics.  In order to achieve this goal the most effective training regime needs to be determined. Identifying the most effective training regime will augment my coaching ability, and consequently athletic program. Additionally, I will be equipped to train more effective assistant coaches. Ultimately, the results of this study will contribute to the production of more competitive student athletes. 

Intent:

The area of lactate threshold training, specifically in relation to Maximal Lactate Steady State (MLSS) has seen little examination and would warrant an investigation.  This research will provide a more comprehensive understanding of the differences between MLSS and a more traditional Long Slow distance regime. 

Training types;

1. Maximal Lactate Steady State Aerobic Training (MLSS-AT)

2. Traditional Long Slow Distance Training  (TLS-DT)

Product variable;

1. aerobic performance.

Context variables

1. gender- male and female
 

2. level – 14 & 18 yrs

Sample question structure

1. Do males, between the ages of 14-18 years of age, and implementing the MLSS-AT training regime, experience an increase in athletic performance?

2. Does a female between the ages of 14-18 years of age, and implementing the MLSS-AT training regime, experience an increase in athletic performance?

3. Do males, between the ages of 14-18 years of age, and implementing the LSD-DT experience an increase in training and is it greater than the MLSS-AT?

4. Does a female, between the ages of 14-18 years of age, and implementing the LSD-DT experience an increase in training and is it greater than the MLSS-AT?

Statistical Analysis:

A meta-analysis will be conducted looking specifically at the effect size of the studies.  One general effect size will be determined on the types of training regimes. This will determine the significance of the training regime in relation to these groups. More specifically, the analysis will look at the average effect size of gender, age groups, and modes of activity for the sake of adding depth to the statistical research.   In determining the effect size the means and standard deviations will also be determined.

Coding:

1. Age: 14-18 years of age

2. Gender: Boys, Girls

3. Mode: Running, biking, skiing, or swimming

4. Duration: 20 min, 40 min, 60 min

(See Appendix A)
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