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ABSTRACT 

An investigation was conducted to determine if laryngeal 

valving economy, as reflected in measures of laryngeal airway 

resistance during vowel production, varies across adulthood. Toward 

this end, sixty healthy men were studied, ten from each of six age 

groups — 25, 35, 45, 55, 65, and 75 years (+ 2 years). Results showed 

that there are age-related differences in laryngeal airway resistance 

during vowel production, and that these differences are characterized 

by a lower mean resistance in 75-year-old men than in younger men of 

the ages studied. This finding provides insight into mechanisms 

regarding the impacts of age on laryngeal function and has important 

clinical implications for the evaluation and management of men with 

voice disorders. 

viii 



INTRODUCTION 

A recent investigation of speech breathing in young, 

middle-aged, and senescent men (Hoit & Hixon, 1987) has shown that 

senescent men, when compared to young men, generally use larger lung 

volume excursions per breath group and expend larger lung volumes per 

syllable. These findings have been interpreted to indicate that 

laryngeal valving economy may be relatively lower in senescent men than 

young men. It also has been observed that senescent men, when compared 

to younger men, generally use fewer syllables per breath group and 

initiate breath groups at higher rib cage volumes. Such observations 

have been interpreted to reflect adaptive strategies, one linguistic 

and one biomechanical, developed in response to a presumed reduction in 

the load "seen" by the breathing apparatus. 

Although the work of Hoit and Hixon (1987) has suggested that 

laryngeal valving economy may decrease with age, the evidence for such 

a decrease is indirect and inconclusive. The acquisition of direct 

evidence regarding potential age-related differences in laryngeal 

valving economy is believed to be significant for several reasons: 

(a) to determine whether or not the interpretations of Hoit and Hixon 

(1987) regarding age-related differences in speech breathing are valid; 

(b) to elucidate the patterns of age-related differences in laryngeal 

valving economy to offer insight into underlying mechanisms and how 

such mechanisms might interact with age; and (c) to determine whether 

or not age should be taken into account in the clinical evaluation and 

1 
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management of individuals with voice disorders related to laryngeal 

valving. 

For these reasons, the present investigation was designed to 

determine if laryngeal valving economy, as reflected in measures of 

laryngeal airway resistance during vowel' production, varies across 

adulthood. Further, it was designed to determine within a decade the 

age at which differences might be manifested. 



METHOD 

Subjects 

Sixty men served as subjects. Ten were included from each of 

six age groups -- 25, 35, 45, 55, 65, and 75 years (+ 2 years). 

Subjects met selection criteria for physical characteristics, health 

status, spoken-language characteristics, and hearing sensitivity. 

Specifically, all subjects were required to be: (a) white; (b) of 

average height and weight; (c) within normal limits on measures of 

blood pressure, heart rate, forced" vital capacity, and forced expiratory 

volume in one second; (d) free of history of cardiovascular disease, 

neurological disease, respiratory and laryngeal disease, surgery or 

injury of the laryngeal and upper airway portions of the speech 

apparatus; (e) without a history of smoking for at least the previous 5 

years; (f) without full upper dentures; (g) free of medications 

containing amphetamines or sedatives at the time of testing; (h) normal 

in voice, speech, and language; (i) without professional training or 

experience in public speaking, acting, or singing; and (j) able to pass 

a pure-tone audiometric screening test at 35 dB HL at 0.5, 1.0, and 2.0 

kHz in at least one ear. Selected physical characteristics of the 

subjects are provided in Appendix 1. 

Procedure 

Estimates of laryngeal airway resistance during vowel 

production were obtained using the noninvasive measurement method of -

3 
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Smitheran and Hixon (1981). Details concerning the development of this 

method and the validation of its protocol are given elsewhere (Hixon & 

Smitheran, 1982; Smitheran & Hixon, 1981). 

Following the protocol of Smitheran and Hixon (1981), subjects 

in the present investigation were required to repeat the syllable /pi/ 

in three separate trains of seven productions each. For each train, 

subjects were instructed to take a breath of approximately twice normal 

depth and to produce the seven productions on a single, continuous 

expiration at normal loudness, pitch, and quality, with equal stress on 

each syllable, with each of the seven vowels in the train prolonged 

slightly, and at an utterance rate of 1.5 syllables/s. 

Two aeromechanical variables were recorded during the syllable-

train productions: oral pressure and airway-opening flow. Figure 1 is 

a diagram of the equipment used. 

Oral pressure was tapped and transmitted via a polyethelene 

catheter, the proximal end of which was positioned in the midline of 

the oral cavity approximately 1.0 cm behind the central incisors and 

the distal end of which was connected to a differential air-pressure 

transducer. The signal from the transducer was led to a carrier 

amplifier where it was amplified and low-pass filtered such that 

components above 30 Hz were attenuated markedly. The resulting 

pressure-analog was displayed on one channel of a two-channel thermal 

recorder. The recorder was operated at a paper speed of 20 mm/s. 

Pressure calibration was accomplished against a U-tube water manometer 

arranged in parallel with the polyethelene catheter. Pressure was 

expressed in cm Ĥ O. 
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FIGURE 1. DIAGRAM OF THE EQUIPMENT USED. 
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Airway-opening flow was channeled through a large, rubber, 

anesthesia mask positioned over the mouth and nose. Flow from the mask 

was sensed by a double-coned, one-square inch, Silverman-type 

pneumotachometer coupled to a second differential air-pressure 

transducer matched to the one used to sense oral pressure. The signal 

from this transducer was conditioned (i.e., amplified and filtered) 

through a second carrier amplifier in the same manner as the oral 

pressure signal. The resulting flow-analog was recorded on the second 

channel of the thermal recorder. Flow calibration was performed by 

directing the output of a continuously variable, vane air pump through 

an air rotameter arranged in series with the pneumotachometer. Flow 

was expressed in LPS. 

An electronic metronome was used to aid subjects in pacing 

their syllable productions. This metronome was operated at a rate 

of 1.5 beats/s and provided a synchronous light-flash and audible 

click. 

For all performances, subjects were seated upright and 

positioned such that the recording system was out of their visual 

field. In addition, they were informed of the nature of the task to be 

performed and were instructed to model their productions after those of 

an investigator. Productions were elicited until three acceptable 

syllable-trains were obtained. Data associated with these three 

syllable-trains were culled from the thermal recordings for analysis. 
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Record Analysis 

Figure 2 is a sample pressure-flow record of the type obtained 

when using the measurement method of Smitheran and Hixon (1981). Oral 

pressure and airway-opening flow are shown in the upper and lower parts 

of the figure, respectively. A detailed description of the 

physiological events represented in the tracings is provided elsewhere 

(Hixon & Smitheran, 1982; Smitheran & Hixon, 1981). 

The seven pressure maxima in the upper part of the figure 

correspond to the peak oral pressures obtained during the seven /p/-

segments of the utterance. The seven pressure minima following the 

seven pressure maxima in the upper part of the figure correspond to the 

oral pressures obtained during the seven /i/-segments of the utterance. 

Finally, the seven plateau-like portions in the lower part of the 

figure correspond to the airway-opening flows obtained during the seven 

/i/-segments of the utterance. 

Records from the present investigation were analyzed in 

accordance with the protocol set forth by Smitheran and Hixon (1981). 

First, to preclude performance end-effects, the first two and last two 

vowel segments in each syllable train were discarded. Next, an 

estimate of tracheal pressure at the approximate midpoint of the three 

remaining vowels in each syllable train was determined. This was 

accomplished as follows. The peak oral pressures on the third, fourth, 

fifth, and sixth productions of /p/ were identified on the records and 

interconnected with those for their adjacent mates by straight lines. 

The contour formed was taken to represent the prevailing tracheal 
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FIGURE 2. SAMPLE PRESSURE-FLOW RECORD. Pp = ORAL PRESSURE AND V&a = AIRWAY-OPENING FLOW. 
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pressure for the utterance segment being examined. Next, the time 

points midway between the designated pressure peaks on the records were 

identified and the correponding interpolated pressures were determined. 

Thus, a separate estimate of tracheal pressure was provided for each of 

the three vowels of interest. Points of measurement for the three 

vowel segments in Figure 2 are indicated by the numbered arrows. 

An estimate of pharyngeal pressure at the approximate midpoint 

of each vowel was determined by noting the magnitude of oral pressure 

coincident with the moment of tracheal pressure estimation on the same 

vowel. Thus, a separate estimate of pharyngeal pressure was provided 

for each of the three vowels examined. 

An estimate of translaryngeal flow at the approximate midpoint 

of each vowel was determined by noting the magnitude of airway-opening 

flow coincident with the moment at which tracheal and pharyngeal 

pressure estimates were obtained. Thus, a separate estimate of 

translaryngeal flow was provided for each of the three vowels of 

interest in a syllable train. 

Laryngeal airway resistance was calculated for each vowel 

examined. Resistance was calculated from the ratio of translaryngeal 

pressure (Pt̂ ) (the difference between tracheal and pharyngeal 

pressures) to translaryngeal flow (V ) (the flow through the 

larynx). Restated, R̂ aw = ̂ tl̂ ao* Calculation yielded a separate 

resistance value, expressed in cm Ĥ O/LPS, for the three vowels studied 

in the three syllable trains analyzed for each subject. (In Figure 2, 

the three resistance values are 37.4, 37.9, and 36.8 cm Î O/LPS for 

vowels 1, 2, and 3, respectively.) The mean resistance was determined 
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for each syllable train (for the three vowels in Figure 2, the value is 

37.4 cm Ĥ O/LPS), and the grand mean, the mean of the three means, was 

then designated as the criterion score for each subject. Accordingly, 

a single value was used to represent each subject's laryngeal airway 

resistance during vowel production. 



RESULTS 

Table 1 presents descriptive statistical information in the 

form of means and standard deviations for measures of laryngeal airway 

resistance obtained for the six age groups studied. Perusal of Table 1 

reveals that mean values for measures of resistance are relatively 

similar across the 25-, 35-, 45-, 55-, and 65-year-old groups. These 

values range between approximately 35.7 and 40.7 cm Î O/LPS and fail 

to suggest any consistent relation between age and laryngeal airway 

resistance over the 40-year span involved. In contrast to the mean 

resistance values of 35.7 cm K̂ O/LPS or greater for the younger five 

age groups, the mean laryngeal airway resistance for the 75-year-old 

group is only 28.6 cm Ĥ O/LPS. 

To assess the possible significance of the differences in mean 

laryngeal airway resistance obtained among the six age groups, 

inferential statistical analyses were performed. A significance level 

of .01 was used for all tests employed. This level was selected 

because of the moderate number of subjects in each age group. An 

initial one-way analysis of variance procedure revealed a significant 

difference among age groups [F(5,59) = 5.148, £ = .001]. As is 

summarized in Table 2, follow-up two-treatment contrasts using Fisher's 

least significant difference criteria revealed that only the 

differences between the 75-year-old group and each of the younger age 

groups were significant. Subject criterion scores for laryngeal airway 

resistance are provided in Appendix 2. 

11 
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Table 1. Means and standard deviations for measures of larjhigeal 
airway resistance obtained for the six age groups studied. 

Age Group 
(Years) 

Resistance 
(cm H20/LPS) 

M SD 

25 39.36 (6.41) 

35 35.69 (5.31) 

45 AO. 72 (4.59) 

55 35.97 (7.13) 

65 38.11 (7.46) 

75 28.56 (4.35) 
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Table 2. Results of follow-up two-treatment contrasts performed 
on the data. 

Age Group 
•Pairing t df £ 

25 - 35 1.370 54 .176 
25 - 45 0.507 54 .614 
25 - 55 1.265 54 .211 
25 - 65 0.468 54 .642 
25 - 75 4.029 54 .000 

35 - 45 1.877 54 .066 
35 - 55 0.105 54 .917 
35 - 65 0.902 54 .371 
35 - 75 2.659 54 .010 

45 - 55 1.772 54 .082 
45 - 65 0.975 54 .334 
45 - 75 4.536 54 .000 

55 - 65 
f 

0.797 54 .429 
55 - 75 2.764 54 .008 

65 - 75 3.561 54 .001 

* £ < .01 



DISCUSSION 

This investigation has shown that, in men, there are 

age-related differences in laryngeal airway resistance during vowel 

production, and that these differences are characterized by a lower 

mean resistance in 75-year-old men than in younger men of the ages 

studied. This finding provides insight into mechanisms regarding the 

impacts of age on laryngeal function and has important clinical 

implications for the evaluation and management of men with voice 

disorders. 

Mechanisms 

The outcome of this investigation supports the interpretations 

offered by Hoit and Hixon (1987) regarding certain age-related 

differences in speech breathing. They have suggested that the 

relatively larger lung volume excursions per breath group and lung 

volume expenditures per syllable demonstrated by senescent men, when 

compared to younger men, are caused by an age-related reduction in 

laryngeal valving economy, or more specifically, laryngeal airway 

resistance. This suggestion generally has been borne out by the 

results of the present investigation. However, the precise pattern of 

age-related differences in laryngeal airway resistance found in this 

investigation would not have been predicted from the data of Hoit and 

Hixon. That is, their lung volume data seem to indicate that a 

reduction in laryngeal airway resistance is present by the end of the 

14 
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fifth decade of life, with a greater reduction apparent by senescence. 

Therefore, the fact that there were no differences in laryngeal airway 

resistance in men ranging in age from 25 to 65 years was unexpected. 

However, the speech breathing data of Hoit and Hixon are not direct 

indicators of laryngeal valving as are the present laryngeal airway 

resistance data. 

Although the primary focus of the present investigation was on 

laryngeal airway resistance as an indicator of laryngeal valving 

economy, further insight regarding underlying mechanisms can be gained 

by considering the peak oral pressure and airway-opening flow measures 

that were used in the calculation of resistance. Measures of peak oral 

pressures during /p/ productions, such as were obtained for this 

investigation, provide estimates of the prevailing tracheal pressures 

used by the present subjects. When such pressure measures were 

compared across the six age groups, they were found to be highly 

similar. Group means ranged from approximately 5.8 to 6.4 cm 1̂ 0, and 

did not vary in any systematic way with age. When a one-way analysis 

of variance was performed on these data, no significant differences 

(£ > .01) were found. This finding validates the assumption made by 

Hoit and Hixon (1987) that driving pressure does not differ as a 

function of age, at least for utterances produced at conversational 

loudness levels. 

When airway-opening flow measures are examined, age-related 

differences were apparent. Specifically, flow was significantly higher 

for the 75-year-old group (mean of approximately 2.2 LPS) than for the 

five younger age groups (means ranging from approximately 1.5 to 1.8 
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LPS), as indicated by one-way analysis of variance (£ < .01) and 

follow-up two-treatment contrasts (2 < -01 for all five contrasts). 

When peak oral pressure and airway-opening flow measures are considered 

together, it is clear that age-related differences in laryngeal airway 

resistance can be accounted for by differences in flow.''' 

Given that the pressures driving the larynx are not different 

across age, the question arises as to what it is about the larynx of a 

75-year-old man that allows more air to flow through it. The answer 

most likely is linked to age-related changes in laryngeal anatomy. As 

described by Kahane (1981, 1983a, 1983b, 1987), there is a cluster of 

such changes that have the potential to influence the way in which the 

larynx valves the air stream for voice production. Such changes 

involve the cricoarytenoid joints, laryngeal musculature, and 

lamina propria. With respect to the cricoarytenoid joints, it has been 

shown that their articular surfaces can become irregular in older 

subjects (Kahane & Hammons, 1987; Kahn & Kahane, 1986) and that the 

ligaments of the joint capsules can loosen with age (Segre, 1971). A 

functional consequence of such changes might be that the range of 

motion of the arytenoid cartilages around the cricoarytenoid joints can 

be reduced in older individuals, which in turn might limit the degree 

1. There is evidence that the voices of senescent individuals 
are judged to be breathy more often than are the voices of young and 
middle-aged adults (Hartman, 1979; Ryan & Burk, 1974). Assuming that 
the percept of breathiness is associated with unusually high air 
flows (Kent & Burkard, 1981), such as those observed in the present 
75-year-old subjects, it seems plausible that breathiness also would 
be associated with relatively low laryngeal airway resistance. No 
perceptual measures were obtained in the present investigation. 
Therefore, it is not possible to address this issue directly. 
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to which the vocal folds approximate during voice production. 

Regarding changes in laryngeal musculature, it is relevant that the 

adductory muscles of the larynx have been shown to atropy with age 

(Ferreri, 1959). One physiological outcome of such atrophy might be a 

decrease in adductory force production, which can reduce the range of 

adductory movements and result in incomplete approximation of the vocal 

folds during voice production. Finally, age-related changes in the 

lamina propria, which include alterations in its elastic and 

collagenous fiber content (Hirano, Kurita, & Nakashima, 1983; Kahane, 

1983a, 1983b; Kahane, Stadlan, & Bell, 1979), can further influence 

the function of the larynx for voice production in at least two ways. 

First, changes in the lamina propria can cause the vocal folds to 

assume a bowed configuration, thereby resulting in incomplete 

approximation of the folds along their full length. Supporting this 

are reports that bowing of the vocal folds has been observed in the 

larynges of senescent subjects (Honjo & Isshiki, 1980; Mueller, 

Sweeney, & Baribeau, 1985). Second, age-related changes in the lamina 

propria can result in surface irregularities along the medial margins 

of the vocal folds that may lead to incomplete approximation. 

To summarize, age-related changes in the cricoarytenoid joints, 

laryngeal musculature, and lamina propria can interfere with the 

ability to achieve complete approximation of the vocal folds during 

voice production. Presumably, the relatively high flows (and low 

laryngeal airway resistances) seen in the oldest group of subjects 

studied in this investigation are related to such changes in laryngeal 

anatomy. 
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It is of interest to speculate as to why only the oldest 

subject group appeared to manifest the physiological consequences of 

these anatomical changes. Regarding this issue, Kahane has indicated 

(personal communication, April 11, 1988) that the onset of changes in 

laryngeal anatomy, such as those just discussed, generally are apparent 

by the sixth decade of life, become more pronounced with age, and are 

extremely marked by the beginning of the eighth decade of life. He 

further has suggested that physiological manifestations of these 

changes might not emerge until the anatomical impacts of aging reach 

some critical threshold, perhaps around 70 years of age. 

Despite the fact that these anatomical mechanisms have 

explanatory power regarding the age dependency found in measures of 

laryngeal airway resistance, the possibility can not be ruled out that 

behavioral mechanisms also were operating. To illustrate, age-related 

changes in the structure of the larynx such as those discussed above 

are present by the sixth decade, however the 55- and 65-year-old men 

studied in this investigation performed like younger men when compared 

on measures of laryngeal airway resistance. Of course, it is possible 

that measures of laryngeal airway resistance are not sensitive enough 

to detect subtle physiological consequences of incipient anatomical 

changes. However, it also is possible that individuals are able to 

compensate for minor changes in laryngeal anatomy by altering laryngeal 

function. For example, neural inputs to the adductory muscles could be 

increased to compensate for loss of muscular tissue. Of course, such 

mechanisms are speculative. 
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Clinical Implications 

In addition to providing insight into how laryngeal valving 

economy varies with age, the findings of the present investigation have 

important implications for the evaluation and management of men with 

voice disorders. To begin, it is essential that age be taken into 

account when making judgments regarding laryngeal valving economy from 

measures of laryngeal airway resistance during vowel production. For 

men 65 years or younger, measures of laryngeal airway resistance are 

not differentially age-dependent. In fact, for men in this age range, 

a substantial set of normative data is now available from which to make 

clinical comparisons. To facilitate such comparisons, an overall mean 

and standard deviation representing this age range were calculated from 

the laryngeal airway resistance data of the 50 men in the present 

25-, 35-, 45-, 55-, and 65-year-old groups and the data of the group of 

2 
15 men, age 22 to 41 years, studied by Smitheran and Hixon (1981). 

Calculation rendered a mean of 37.6 cm Ĥ O/LPS and a standard 

deviation of 6.0 cm H20/LPS. 

For men older than age 65, the descriptive statistics just 

given do not represent valid standards for comparison. It is clear 

from the present investigation that men who are 75 years of age produce 

significantly lower laryngeal airway resistance measures than do 

younger men. In fact, the present 75-year-old subjects generated 

2. Combining the data from these 65 subjects was considered 
appropriate because they were obtained using the same procedures and 
because one-way analysis of variance indicated that there are no 
significant differences (£ > .01) among them. 



20 

laryngeal airway resistance values that were approximately 24% lower on 

average than those of the 65 younger subjects mentioned above. The 

mean and standard deviation representing the data from the group of 

75-year-old men studied are available in this report for clinical 

comparisons. These descriptive statistics are of value in that they 

indicate the direction of difference to be expected between 75-year-old 

men and younger men. However, it should be recognized that they are 

based on only 10 subjects. Furthermore, it is not known at what 

age the reduction in laryngeal airway resistance occurs or whether the 

reduction becomes progressively greater after age 65. From the 

anatomical evidence cited by Kahane (personal communication, April 11, 

1988), one might expect a major reduction to occur around 70 years of 

age. Unfortunately, a large data set, such as that now available for 

men up to age 65, does not exist for men above that age. An effort 

currently is underway in this laboratory to obtain such a data set. 



APPENDIX 1 

SELECTED PHYSICAL CHARACTERISTICS OF THE SUBJECTS STUDIED' 

Subject Age Height Weight 
(yr) (cm) (kg) 

25M01 26. A 180.3 81.0 
25M02 26.8 175.3 67.5 
25M03 23.6 176.5 75.6 
25M0A 23.9 182.9 78.8 
25M05 26.3 180.3 6A.8 
25M06 26.5 176.5 71.1 
25H07 25.2 170.2 63.0 
25M08 23.1 180.3 95.0 
25M09 2A.6 180.3 91.A 
25M10 25.8 18A.2 81.0 
Group M 25.22 178.68 76.92 

(SD) (1.3A) (A.10) (10.7A) 

35M01 33.8 181.6 82.8 
35M02 3A.1 180.3 72.9 
35M03 35.8 180.3 90.5 
35M0A 33.1 180.3 69.8 
35M05 36.9 177.8 79.7 
35M06 35.1 177.8 70.2 
35M07 33.0 18A.2 79.6 
35M08 3A.A 177.8 87.8 
35M09 36.8 175.3 66.6 
35M10 3A.8 182.9 78.A 
Group M 3A.78 179.83 77.83 

(SD) (1.39) (2.69) (7.92) 

A5M01 AA.A 18A.2 90.0 
A5M02 A6.A .177.8 81.0 
A5M03 A3.5 182.9 76.1 
A5M0A A5.9 175.3 70.6 
A5M05 A5.6 176.5 75.2 
A5M06 A3. A 180.3 71.1 
A5M07 A3.3 180.3 92.3 
A5M08 A6.6 17A.0 87.1 
A5M09 AA.8 171.5 71.6 
A5M10 A3.7 172.7 70.2 
Group M AA.76 177.55 78.52 

(SD) (1.29) (A.31) (8.52) 
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55M01 55.3 177.8 78.8 
55M02 55.0 170.2 73.8 
55M03 56.8 175.3 77.0 
55M04 53.0 184.2 79.2 
55M05 54.8 171.5 69.8 
55M06 55.8 181.6 87.8 
55M07 56.8 175.3 66.6 
55M08 53.5 181.6 88.2 
55M09 56.8 176.5 78.3 
55M10 53.0 168.9 58.5 
Group M 55.08 176.29 75.80 

(SD) (1.52) (5.14) (9.13) 

65M01 66.4 182.9 71.1 
65M02 63.5 172.7 80.6 
65M03 64.9 182.9 84.2 
65M04 64.2 179.1 75.2 
65M05 63.2 177.8 85.1 
65M06 66.9 177.8 80.1 
65M07 64.6 177.8 91.8 
65M08 64.9 184.2 76.5 
65M09 65.0 180.3 81.0 
65M10 66.4 168.9 70.7 
Group M 65.00 178.44 79.63 

(SD) (1.24) (4.74) (6.53) 

75M01 73.3 172.7 63.5 
75M02 76.8 180.3 81.0 
75M03 73.5 168.9 60.8 
75M04 74.8 172.7 76.5 
75M05 74.4 172.8 64.4 
75M06 76.1 174.0 69.8 
75M07 74.8 175.3 81.0 
75M08 76.1 184.2 78.8 
75M09 75.3 172.7 69.8 
75M10 75.0 175.3 78.8 
Group M 75.01 174.89 72.44 

(SD) (1.12) (4.37) (7.73) 



APPENDIX 2 

SUBJECT CRITERION SCORES FOR LARYNGEAL AIRWAY RESISTANCE 

Subject Subject 

25M01 38.27 55M01 36.34 
25M02 46.28 55M02 32.42 
25M03 42.13 55M03 29.03 
25M04 44.24 55M04 42.10 
25M05 26.39 55M05 32.65 
25M06 35.67 55M06 32.63 
25M07 42.30 55M07 45.59 
25M08 43.00 55M08 29.48 
25M09 31.35 55M09 30.41 
25M10 44.01 55M10 49.06 
GROUP M 39.36 GROUP M 35.97 

(SD) (6.41) (SD) (7.13) 

35M01 42.40 65M01 37.83 
35M02 32.08 65M02 48.20 
35M03 33.35 65M03 40.71 
35M04 45.61 65M04 37.27 
35M05 32.86 65M05 28.63 
35M06 30.51 65M06 32.31 
35M07 35.01 65M07 26.59 
35M08 34.70 65M08 37.82 
35M09 29.95 65M09 48.63 
35M10 40.42 65M10 43.10 
GROUP M 35.69 GROUP M 38.11 

(SD) (5.31) (SD) (7.46) 

45M01 46.16 75M01 24.33 
45M02 48.14 75M02 21.44 
45M03 39.86 75M03 36.31 
45M04 40.05 75M04 31.49 
45M05 45.15 75M05 31.25 
45M06 40.70 75M06 31.22 
45M07 33.62 75M07 27.94 
45M08 37.17 75M08 28.25 
45M09 36.10 75M09 24.30 
45M10 40.29 75M10 29.04 
GROUP M 40.72 GROUP M 28.56 

(SD) (4.59) (SD) (4.35) 
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