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the pure tone thresholds at 4000 Hz at Week 2 (Z = -2.2; P = .00), and four 

instances out of 210 in the DP I/O absolute amplitudes (818 Hz at Week 0, 

with stimulus intensity of 75 dB SPL; 1636 Hz at Week 4, with stimulus 

intensities of 45 and 50 dB SPL; 4919 Hz at Week 2, with stimulus intensity of 

45 dB SPL). The statistically significant differences in the pure tone threshold 

and DP I/O absolute amplitudes appeared to occur randomly. i.e., without any 

clear pattern. Thus, the results of the pure tone thresholds, DPgram absolute 

amplitudes and DP I/O function thresholds will be presented without reference 

to the laterality of the ear. 

Table 5. Differences in pure tone thresholds between the left and right ears 

over the 8-week period 

Wilcoxon's signed ranks test 

Week 0 2 4 6 8 

Frequency (Hz) p p p z p z P 

250 -0.6 1.6 -0.4 2.1 -1.1 0.9 -1.1 0.8 -1.3 0.6 

500 -1.0 1.0 -1.0 1.0 -0.8 1.2 -1.0 1.0 -1.3 0.5 

1000 0.00 3.0 0.00 3.0 0.00 3.0 0.00 3.0 ~0.6 1.7 

2000 -0.4 2.0 0.00 3.0 -1.0 1.0 -0.4 2.0 0.00 3.0 

4000 -0.7 1.4 -2.2 .00 -1.5 0.4 -0.1 2.7 -1.9 0.02 

8000 -1.9 0.2 -0.4 2.2 -1.0 1.0 -0.6 1.6 -0.2 2.6 

Bonferroni method correction: a = .016 

Note: Bold p S .016, Le., statistically significant 
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Table 6. Differences in DPgram absolute amplitudes between the left and 

right ears over the 8-week period 

Wilcoxon signed ranks test 

Week 0 2 4 6 8 

Frequency (Hz) Z P Z P Z P Z P Z P 

818 -0.28 2.33 -1.40 0.49 -0.51 1.83 -0.28 2.33 -0.63 1.59 

1038 -0.92 1.07 -0.24 2.44 -0.41 2.04 -0.66 1.53 -1.01 0.93 

1306 -0.69 1.48 -0.45 1.96 -0.10 2.75 -0.41 2.05 -0.21 2.50 

1636 -0.45 1.96 -0.62 1.61 -1.24 0.64 -0.16 2.63 -1.50 0.40 

2063 -0.31 2.27 -0.28 2.33 -1.06 0.87 -0.47 1.91 -1.01 0.93 

2600 -0.43 2.01 -1.37 0.51 -0.65 1.54 -0.09 2.77 -1.82 0.21 

3284 -0.78 1.30 -0.64 1.57 -0.13 2.69 -0.60 1.65 -1.43 0.46 

4126 -1.02 0.93 -0.50 1.86 -1.09 0.83 -0.22 2.48 -1.22 0.66 

5200 -0.02 2.94 -2.20 0.08 -0.31 2.27 -1.19 0.70 -1.22 0.66 

Bonferroni method correction: a = .016 

Note: Bold p ~ .016, Le., statistically significant 
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Table 7. Differences in DP 1/0 function absolute amplitudes between the left 

and right ears over the 8-week period 

Wilson's signed ranks test 

Week 0 2 4 6 8 

Frequency Intensity 

(Hz) (dB SPL) z p z p z p z p z P 

818 75 -2.84 0.00 -0.47 0.64 -0.45 0.65 -1.08 0.28 -0.55 0.58 

70 -6.59 0.08 -0.85 2.33 -1.24 2.04 -2.31 1.33 -1.78 1.66 

65 -3.62 0.68 -2.20 1.39 -1.09 2.15 -3.48 0.74 -2.20 1.39 

60 -4.34 0.44 -0.64 2.49 -1.47 1.87 -2.54 1.19 -1.99 1.52 

55 -3.48 0.74 -2.06 1.48 -1.24 2.04 -0.85 2.33 -4.51 0.40 

50 -0.78 2.38 -3.27 0.83 -0.93 2.27 -3.01 0.94 -3.67 0.66 

45 -0.78 2.38 -0.21 2.83 -1.86 1.60 -0.28 2.77 -5.56 0.19 

1636 75 -2.12 0.03 -1.78 0.07 -2.04 0.04 -0.03 0.97 -1.22 0.22 

70 -5.43 0.21 -3.34 0.80 -5.20 0.25 -1.98 1.53 -3.25 0.84 

65 -5.47 0.21 -0.50 2.61 -3.26 0.83 -1.04 2.19 -3.04 0.93 

60 -3.26 0.83 -1.35 1.96 -2.87 1.02 -1.65 1.75 -3.57 0.70 

55 -1.78 1.66 -0.31 2.75 0.00 3.00 -2.92 0.99 -6.18 0.12 

50 -1.99 1.52 -2.79 1.06 -9.23 0.01 -0.73 2.42 -6.18 0.12 

45 -4.47 0.41 -1.78 1.66 -8.53 0.01 -1.99 1.52 -3.67 0.66 
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Table 7. (cont.) 

Frequency 

(Hz) 

2454 

3284 

4102 

4919 

Week 

Intensity 

(dB SPL) 

75 

70 

65 

60 

55 

50 

45 

75 

70 

·65 

60 
55 

50 

45 

75 

70 

65 

60 

55 

50 

45 

75 

70 

65 

60 

Wilson's signed ranks test 

o 246 8 

z p z p z p z p z p 

-1.14 0.26 -0.64 0.52 -0.62 0.53 -0.47 0.64 -0.45 0.65 

-3.10 0.90 -0.92 2.27 -4.19 0.49 -0.31 2.75 -2.41 1.26 

-2.77 1.07 -0.16 2.88 -4.11 0.51 -6.12 0.12 -3.36 0.79 

-1.21 2.06 -1.07 2.17 -3.65 0.67 -7.06 0.06 -0.42 2.67 

-0.50 2.61 -4.50 0.40 -1.40 1.92 -3.86 0.59 -3.88 0.59 

-2.20 1.39 -4.12 0.51 -0.93 2.27 -2.35 1.30 -2.83 1.04 

-5.18 0.25 -2.63 1.14 -5.43 0.21 -0.75 2.41 -3.67 0.66 

-1.01 0.31 -0.21 0.83 -0.36 0.72 -1.41 0.16 -0.03 0.97 

-2.64 1.14 -0.07 2.94 -2.33 1.31 -4.43 0.42 -1.15 2.10 

-0.50 2.61 -0.78 2.38 -1.55 1.82 -2.92 0.99 -0.42 2.67 

-0.07 2.94 -1.63 1.76 -0.16 2.88 -0.09 2.92 -2.20 1.39 

-0.14 2.89 -3.34 0.80 -2.87 1.02 -4.80 0.33 -1.89 1.59 

-1.07 2.17 -0.43 2.66 -0.62 2.51 -6.50 0.09 -0.31 2.75 

-1.42 1.91 -1.92 1.57 

-1.88 0.06 -0.36 0.72 

-3.72 0.64 

-2.77 1.07 

-1.42 1.91 

-6.28 0.11 

-2.41 1.26 

-1.63 1.76 

-0.10 0.92 

-1.78 1.66 

"0.50 2.61 

-1.07 2.17 

-1.78 1.66 

-0.92 2.27 

-0.99 2.22 

-2.84 1.03 

-0.07 2.94 

-2.49 1.22 

-1.40 0.16 

-5.04 0.28 

-4.05 0.53 

-0.36 2.72 

-2.56 1.18 

-0.03 0.98 

-0.39 2.69 

-4.11 0.51 

-2.09 1.46 

-2.48 1.22 

-4.58 0.38 

-3.72 0.64 

-1.14 0.26 

-2.56 1.18 

-1.55 1.82 

-3.10 0.90 

-6.87 0.07 -4.09 0.52 

-1.13 0.26 -0.17 0.86 

-5.74 0.17 -4.51 0.40 

-4.43 0.42 -4.09 0.52 

-3.86 0.59 -5.77 0.16 

-4.30 0.46 -5.77 0.16 

-1.13 2.12 -1.57 1.80 

-2.92 0.99 -0.63 2.50 

-1.88 0.06 -1.47 0.14 

-4.52 0.40 -3.67 0.66 

-0.66 2.48 -5.03 0.28 

-0.66 2.48 -5.14 0.26 

55 -0.28 2.77 -4.62 0.37 -5.59 0.19 -5.37 0.22 -5.06 0.27 

50 -1.78 1.66 -2.06 1.48 -3.10 0.90 -5.18 0.25 -0.52 2.58 

45 -1.92 1.57 -8.52 0.01 -6.05 0.13 -0.94 2.26 -5.77 0.16 

Note: Bold p S .016, Le., statistically significant; Bonferroni method correction: a = .016 
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Presence and nature of auditory dysfunction 

Pure tone thresholds 

Frequency of hearing loss as depicted by pure tone thresholds 

At the end of the eight-week period, 6 (35%) of 17 ears (Le., 3 of the 12 

participants) demonstrated binaural sensorineural hearing losses. The degree 

of hearing loss ranged from slight for one participant (20 dB HL) to moderate 

to severe for two participants (one with 60 dB HL at 8000 Hz, and one with a 

flat hearing loss with a pure tone average of 60 dB HL). See Table 8 for 

details. The hearing sensitivity, as measured by pure tones, for the other nine 

participants remained within normal limits over the eight-week test period. 

Table 8. Pure tone threshold changes over eight weeks in participants with 

hearing loss 

Pure tone decrease (dB) 

Right ear 
Frequency 250 500 1000 2000 4000 8000 

(Hz) 
250 500 1000 2000 4000 8000 

A 

B 

C 

o 15 0 0 0 50a 

10b 10b 0 0 5 10 

50 a 45 a 45 a 45 a 60 a 65 a 

15b 10b 0 0 0 50 a 

10b 10b 0 5 10 5 
60 a 55 a 50 a 45 a 65 a 70 a 

Note: Bold indicates clinically significant pure tone threshold changes as per ASHA criteria 

(1994) for determining clinically significant hearing loss in ototoxicity monitoring: 

(a) a 20dB decrease at anyone test frequency, or 

(b) a 10 dB decrease at any two adjacent test frequencies, or . 

(c) loss of response at three consecutive test frequencies where responses were 

previously obtained. 
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The nature of pure tone threshold changes over the eight-week period 

All participants 

Hearing sensitivity as a function of pure tone thresholds revealed the 

following: 

The mean pure tone thresholds appeared to deteriorate over the eight-week 

test period (see Table 9), with the mean hearing thresholds at Week 8 being 

worse at all frequencies relative to those obtained at baseline. The decrease 

in the mean pure tone thresholds was not clinically significant, according to 

ASHA's guidelines for monitoring ototoxicity (1994). However, it is worth 

noting that all the mean thresholds had been within normal limits at baseline 

(see Table 9). By Week 6, however, the pure tone thresholds at 4000 and 

8000 Hz were elevated to 17 dB HL and 21 dB HL, respectively, which 

exceeded the normal limit of 15 dB HL (Clark, 1981, in Katz, 2002). This 

deterioration in pure tone thresholds with exposure to aminoglycosides was 

not statistically significant (see Table 9). 

Table 9. Mean pure tone thresholds over the 8-week period for all participants 

Mean dB SPL (SD) Friedman's ANOVA 

Week 0 2 4 6 8 F df p 

Frequency 

(Hz) 

250 10(1) 11(2) 12(5) 15(12) 18(19) 3.9 4 .42 

500 10(0) 10(0) 11(4) 14(11) 18(18) 6.7 4 .15 

1000 10(0) 10(0) 10(0) 12(4) 16(17) 4.0 4 .41 

2000 10(1) 10(1) 10(0) 13(7) 16(16) 5.5 4 .23 

4000 10(1) 11(2) 11 (4) 17(19) 20(23) 9.0 4 .06 

8000 12(1) 12(2) 19(4) 21(19) 21 (23) 4.0 4 .41 

Note: Bonferroni correction: a = .016, N = 17 

Underline indicates clinically abnormal pure tone threshold (Clark, 1981, in Katz, 2002) 
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Table 10. Cochlear abnormalities across frequencies as detected by pure 

tone thresholds 

Participant's ear where cochlear abnormalities were 

detected over time 

Week 2 4 6 8 

Total ears 

per 

frequency 

Frequency 

(Hz) 

250 

500 

1000 

2000 

4000 

8000 

Number of 

new ears 

Cumulative 

number of 

ears 

7r71 

2 

2 

Note: # = Participant number 

r = right ear; I = left ear 

71 

8r81 

2 o 

4 4 

12r 1218r 81 

12r 1218r 81 

8r81 

8r81 

8r81 

2 

6 

Inspection of the participants' pure tone thresholds (refer to Table 8) revealed 

that the deterioration of thresholds in the six ears was clinically significant over 

5 

4 

2 

2 

2 

4 
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time (ASHA, 1994). All the mean thresholds had been within normal limits at 

baseline (see Table 11). However, by Week 2, the mean pure tone threshold. 

at 8000 Hz was elevated to 19 dB HL, which exceeded the normal limit of 15 

dB HL (Clark, 1981, in Katz, 2002). By Week 8 the pure tone thresholds at all 

frequencies exceeded the normal limit. The difference between their 

thresholds at baseline and at Week 8 was statistically significant at all 

frequencies (p < .05), except for 1000 Hz (see Table 11 for details on 

Friedman's ANOVA). 

Table 11. Mean pure tone thresholds over the 8-week period of ears with 

hearing loss 

Mean dB SPL (SO) Friedman's ANOVA 

Week 0 2 4 6 8 F df p 

Frequency 

(Hz) 

250 10 (1) 12.5 (3) 18 (8) 24 (18) 35 (26) 11.5 4 .02 

500 10 (0) 10 (0) 18 (7) 24 (15) 34 (22) 18.9 4 .00 

1000 10 (0) 10 (0) 10 (0) 14 (7) 26 (27) 8 4 .09 

2000 10 (0) 10 (0) 10 (0) 17 (12) 26 (25) 10.7 4 .03 

4000 10 (1) 10 (0) 13 (6) 28 (32) 35 (37) 13.4 4 .01 

8000 10 (0) 19(14) 48(34) 52(36)52(31) 18.4 4 .00 

Note: Underline indicates clinically abnormal pure tone threshold (Clark, 1981, in Katz, 2002) 

Bold p S .05, N = 6 
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Comparison of the pure tone thresholds in ears with and without hearing loss 

At Week 8 mean pure tone thresholds in the nine ears that did not acquire 

hearing loss ranged from 16 to 21 dB HL (see Table 9 for details of mean pure 

tone thresholds), and in the six ears that developed hearing loss it ranged 

from 26 to 52 dB HL (see Table 11 for details of pure tone thresholds in ears 

that developed hearing loss). The difference in mean thresholds between 

those ears that acquired hearing loss by Week 8 and those that did not, was 

statistically significant, Mann-Whitney U test (p ~ .05) at all frequencies (see 

Table 12). 

Table 12. Difference in mean pure tone thresholds at Week 8 between ears 

with and without hearing loss 

Mann-Whitney test 

Week 0 2 4 6 8 

Frequency 

(Hz) z p z p z p z p z P 

250 0.5 .6 2.6 .0 2.5 .0 0.1 .2 3.4 .0 

500 0.0 1.0 0.0 1.0 3 .0 0.0 .2 3.4 .0 

1000 0.0 1.0 0.0 1.0 0 1.0 0.0 .2 2.2 .0 

2000 0.7 .5 0.7 .5 0 1.0 0.1 .5 2.4 .0 

4000 1.4 .2 1.0 .3 2 .1 0.1 :2 2.9 .0 

8000 1.8 .1 1.1 .3 2.6 .0 0.0 .1 2.5 .0 

Note: Bold p :s; .05 

The z-scores were derived from the Mann-Whitney U-statistic, as per SPSS v.9.0. 
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Table 13. Cochlear abnormalities across frequencies as detected by DPgram 

absolute amplitudes 

Participant's ear where cochlear abnormalities 

were detected over time 

Week 

Frequency 

(Hz) 

818 

1038 

1306 

1636 

2063 

2600 

3284 

4126 

5200 

Number of new 

ears with 

abnormality 

Cumulative 

number of ears 

2 

3r31 

3r31 

3r 316r 

3r 6r 7r 

4 

4 

Note: # :: Participant number 

R = right ear; I = left ear 

4 6 8 

6r 9r 

6r 4r9r 

6r6191 1 r 2r 214r 71 

2r 61 9r 1r 21 

719r 9110r 2r 1 r 21 5112r 

4 2 5 

8 10 15 

Total ears per 

frequency 

0 

0 

0 

0 

2 

5 

10 

8 

12 
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Table 14. Mean DPgram absolute amplitudes for all participants over eight weeks 

Mean dB SPL (SO) Friedman's ANOVA 

Week 0 2 p 

Frequency 

(Hz) Norm range 

818 1.1 - 18.7 12.9(4) 12.6(4) 12.5(4) 12.4(5) 7.0(3) . 16.7 4 0.002 

1038 -1.2 - 22.8 13.3(4) 13.3(4) 13.6(4) 12.7(5) 7.9(4) 17.3 4 0.002 

1306 1.5 - 22.8 13.7(3) 12.3(5) 12.7(3) 11.9(5) 7.1 (3) 13.9 4 0.008 

1636 0.0 -16.3 13.0(5) 11.7(7) 12.0(5) 11.2(6) 6.7(4) 13.1 4 0.011 

2063 0.4- 21.1 10.5(6) 9.5(5) 8.9(6) 8.4(7) 3.6(9) 8.7 4 0.069 

2600 1.3 - 21.0 9.1(6) 8.3(4) 7.1(3) 6.0(5) 2.3(8) 11.7 4 0.020 

3284 1.1-19.8 7.2(6) 5.2(6) 5.8(4) 3.0(8) -0.6(8) 11.5 4 0.022 

4126 7.2-22.2 10.3(4) 9.6(5) 8.6(6) U(9) 2.3(9) 11.1 4 0.025 

5200 0.0-20.6 5.7(8) 5.1(8) 2.9(9) 0.8(10) -2.0(9) 25.2 4 0.000 

Note: Bonferroni correction: a = .016 

Bold p s .016 

Underlined values indicate DPgram absolute amplitude levels outside the norm 



DP 110 function thresholds 

Presence of cochlear function abnormalities as depicted by DP 110 

function thresholds 

81 

Examination of the participants' DP 1/0 function thresholds revealed that 1 of 

the 17 ears (5%) displayed a threshold below the norm range at Week 2 (see 

Table 15 for details on when cochlear abnormality was detected in the 

different participants). By Week 8, nine ears (53%) had abnormal DP I/O 

thresholds for at least one frequency, indicating that a larger number of 

participants demonstrated deteriorating cochlear function with exposure to 

aminoglycosides over time (Table 15). 

Table 15. Week when cochlear abnormality at different frequencies was 

detected in participants 

Week when DP I/O function threshold detected cochlear abnormality 

Frequency (Hz) 818 1636 2454 3284· 4102 4919 

Participant Ear 

1 Right 6 

2 Right 6 

3 Right 8 4 4 

4 Right 8 

5 Left 6 

6 Right 6 2 

Left 6 8 6 4 4 

7 Right 4 

8 Left 4 6 
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Table 16. Mean DP 1/0 thresholds for all participants over eight weeks 

Mean dB SPL (SO) Friedman's ANOVA 

Week 0 2 4 6 8 F df p 

Frequency Norm range 

(Hz) (dB SPL) 

818 <45-65 49 (5) 51 (7) 50 (5) 54 (9) 52 (7) 7 4 0.138 

1636 <45 - 55 48 (4) 48 (4) 48 (4) 49 (5) 51 (6) 14.8 4 0.005 

2454 <45-60 47 (3) 48 (4) 48 (4) 49 (5) 51 (5) 17.7 4 0.001 

3284 <45-60 51 (8) 52 (6) 52 (6) 56 (9) 55 (8) 15.1 4 0.005 

4102 <45 - 55 49 (4) 50 (5) 54 (6) 51 (8) 51 (5) 12.3 4 0.015 

4919 <45 - 50 48 (5) §.L(8) 52 (9) 52 (9) 52 (8) 6.9 4 0.143 

Note: Bonferroni correction: a = .008 

Bold p S .008 

Underlined indicates DP 1/0 thresholds outside the norm 
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The relative sensitivity of pure tone thresholds and DP measures in detecting 

ototoxicity 

The relative sensitivity in al/ participants 

The DPgram absolute amplitudes appeared to suggest the presence of 

cochlear damage earlier than the pure tone thresholds and DP 1/0 function 

thresholds (see Table 17). This suggestion is based on the greater number of 

ears presenting with DP abnormalities at each test interval. However, the 

differences in the number of abnormalities detected between the three tests 

was only statistically significant at Week 8, Friedman's ANOVA with F(2, 17) ::: 

9.5, P ::: .009, indicating that DPgram absolute amplitudes detected 

significantly more ears with cochlear abnormalities than the other two tests at 

this test interval. 

Table 17. Comparison of the performance of the three tests to detect cochlear 

abnormalities in all subjects over the 8-week period 

Total number of ears with cochlear 

abnormalities detected 

Procedure 

Week 

2 

4 

6 

8 

PT 

2 

4 

4 

6 

Note: Bonferroni correction: a = .013; 

DP 

4 

8 

10 

15 

Bold indicates a statistically significant difference 

10 

6 

8 

9 

Friedman's ANOVA 

F p 

4.8 2 .091 

1.6 2 .459 

9.5 2 .009 

PT = pure tone thresholds; DP = DPgram absolute amplitudes; 10 = DP input/output function 
thresholds . 
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identify more ears with cochlear abnormalities than the DP 1/0 function 

thresholds. However, none of these differences were statistically significant 

(see Table 18 for details on Friedman's ANOVA results). 

Table 18. Number of cochlear abnormalities in ears with hearing loss (as 

determined by pure tone threshold testing) 

Total number of ears with 

cochlear abnormalities detected Friedman's ANOVA 

Procedure PT DP 10 F df P 

Week 

2 2 3 1 .666 2 .716 

4 4 4 2 3 2 .223 

6 5 4 3 2 2 .367 

8 6 5 3 4.666 2 .096 

Note: Bonferroni correction: a = .013 

PT = pure tone thresholds; DP = DPgram absolute amplitudes; 10 = DP inpuUoutput function 

thresholds 

Nature of DP 110 function slopes 

Studies conducted by Dorn et al. (2001) and Kummer et al. (1998) found that 

DP 1/0 function slopes are linear with low input stimuli (L2 s; 30 dB SPL) and 

non-linear with moderate input stimuli (L2 between 30 to 60170 dB SPL), 

representing the compressive ability of a normally functioning cochlea. In both 

studies, linear DP 1/0 function slopes were found with partiCipants who had 

sensorineural hearing losses (Dorn et al.; Kummer et al.), indicating that the 

compressive function of the cochlea was affected. 
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Table 19. DP 110 function slopes in participants who did not develop a hearing loss (as per pure tone thresholds) 

DP I/O function slopes (dB/dB) 

Current study 

L2 stimulus intensity level Frequency (Hz) 

dBSPL 818 1636 2454 3284 4102 4919 

40 Nlin (0.2) Nlin (~1.1) Nlin (~0.1) Lin (0.7) Lin (0.8) Lin (0.6) 

45 Lin (1.2) Lin (1.8) Lin (1.6) Lin (0.6) Lin (0.6) Lin (1.0) 

50 Lin (0.7) Lin (0.9) Lin (1.3) Lin (1.2) Lin (0.9) Lin (0.8) 

55 Lin (0.7) Lin (0.9) Lin (0.8) Nlin (0.5) Lin (0.7) Lin (0.7) 

60 Nlin (0.4) Lin (0.9) Nlin (0.3) Lin (1.0) Lin (0.8) Lin (0.9) 

65 Nlin (0.2) Nlin (0.3) Nlin (0.2) Nlin (0.4) Lin (0.8) Lin (0.9) 

% Nlin at each frequency 50 33 50 33 0 0 

Overall % Nlin 28 

Note: Lin = Linear slope with range> 0.5 dB/dB (Ruggero et al.. 1997) 

Nlin = Non-linear slope with range S 0.5 dB/dB (Ruggero et aI., 1997) 

Previous research (Dorn et at, 

2001; Kummer et aI., 1998) 

Frequency (Hz) 

1000 to 6000 

Nlin 

Nlin 

Nlin 

Nlin 

Lin 

Lin 
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Figure 1. Average DP I/O function slopes for groups with normal hearing and hearing loss over the eight-week test 
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Table 20. DP I/O function slopes at Week 8 in participants who developed hearing loss (as per pure tone thresholds) 

DP I/O function slopes (dB/dB) 

L2 stimulus intensity level 

dB SPL 

40 

45 

50 

55 

60 

65 

% Nlin at each frequency 

Current study 

Frequency (Hz) 

818 1636 2454 3284 4102 4919 

Nlin (-0.6) Nlin (0.4) Lin (0.9) Nlin (0.1) Lin (0.6) Lin (1.1) 

Lin (1.1) Lin (0.98) Nlin (0.5) Lin (0.7) Nlin (0.4) Nlin (0.5) 

Nlin (0.5) Lin (1.0) Nlin (0.5) Nlin (0.3) Nlin (0.1) Nlin (-0.9) 

Nlin (0.5) Nlin (0.4) Nlin (0.3) Nlin (0.5) Lin (0.7) Lin (1.4) 

Nlin (0.2) Nlin (0.3) Lin (0.8) Lin (0.8) Nlin (0.3) Lin (0.9) 

Nlin (-0.2) Nlin (0.2) Nlin (0.1) Nlin (0.2) Nlin (0.5) Lin (0.8) 

83 67 67 67 67 33 

Overall % Nlin 64 

Note: Lin = Linear slope with range> 0.5 dB/dB (Ruggero et aI., 1997) 

Nlin = Non-linear slope with range s 0.5 dB/dB (Ruggero et aI., 1997) 

Previous research (Dom et aI., 2001 ; 

Kummer et al., 1998) 

Frequency (Hz) 

1000 to 6000 

Lin 

Lin 

Lin 

Lin 

Lin 

Lin 
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DP 110 function test parameters 

Stimulus frequency 

The ears with cochlear abnormality. as detected by the DP I/O function 

thresholds, were examined at each frequency to determine whether there was 

a trend for specific frequencies to reflect cochlear abnormalities (Le., 

abnormal DP 1/0 function thresholds present) earlier than other frequencies 

(see Table 21). The DP 1/0 function thresholds appeared to reflect most ears 

with cochlear abnormalities at 3284 and 4919 Hz, and the least at 2454 Hz 

(see Table 21). The frequencies could be grouped into a low frequency range 

(818, 1636 and 2454 Hz) and a high frequency range (3284, 4102 and 4919 

Hz). The high frequency group reflected a total of 13 ears with cochlear 

abnormalities, while the low frequency group reflected four ears. Therefore, 

the higher frequencies reflected more cochlear abnormalities than the low 

frequencies. This finding was not analysed statistically due to the small 

sample size. 

Table 21. Number of abnormal DP I/O function thresholds at different 

frequencies over eight weeks 

Number of ears with cochlear abnormality 

Frequency (Hz) 818 1636 2454 3284 4102 4919 

Week 

2 1 

4 1 1 3 1 

6 1 4 2 

8 2 1 

Total number of ears 1 3 0 5 3 5 
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Stimulus intensity 

The range of DP 1/0 function thresholds were between L2 = 45 and 70 dB SPL 

for the frequencies from 818 to 2454 Hz (see Table 22), over the eight-week 

monitoring period. DP 1/0 function thresholds at 3284, 4102 and 4919 ranged 

between L2 = 45 and 75 dB SPL (Table 22). As can be seen in Table 22 

some of the DP 1/0 function thresholds were outside the normal range (higher 

than the norm) over the eight-week period. 

Table 22. Range of DP 1/0 function thresholds over the eight-week period 

Range in current study 
Frequency (Hz) Norm range (dB SPL) 

(dB SPL) 

818 <45-65 S 45 - 70 

1636 <45 - 55 S 45 - 60 

2454 <45-60 S 45 - 60 

3284 <45-60 S 45-75 

4102 <45-55 S 45 -75 

4919 <45-50 S 45 -75 
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provide early intervention to minimise cochlear damage and to optimise the 

individual's ability to communicate. 

In addition to the above findings, the mid-range of frequencies (1636 to 3284 

Hz) of DP 1/0 function thresholds deteriorated significantly over the eight-

week period. This frequency range is similar to that of the minimal audibility 

curve (MAC) in humans, which indicates that the highest sensitivity to sound 

is in the 2 to 5 kHz region (Durrant & Lovrinic, 1995). Most speech sounds are 

concentrated in this region. As DP I/O function thresholds in this frequency 

range are elevated due to ototoxicity, it is very likely that speech perception 

could also be affected. Therefore, clinicians should take this into account by 

including these frequencies in their protocol for ototoxicity when managing 

individuals who receive ototoxic medication. 

The relative sensitivity of pure tone thresholds and DP measures in detecting 

ototoxicity 

DPgram absolute amplitude measures yvere a,qle to detect deterioration in 
CArfi c..J ~ • 

cochlear function earliest in this study, i.e., at least two weeks prior to pure 

--- -----
tone thresholds and the DP 1/0 function thresholds. While previous research 

has· compared the ability of pure tone thresholds and DPOAE measures in 

terms of the number of ears or individuals with cochlear abnormalities 

(Mulheran & Degg, 1997; Stavroulaki et al. 2002), most studies that used 

DPgram absolute amplitudes and DP I/O function thresholds to monitor 

ototoxicity did not report on the nature of exact time difference in detection of 

the two DP measures (Le., DPgram absolute amplitudes vs. DP I/O function 
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decreased DPOAE measures which signals hair cell damage ahead of 

perceptible hearing loss. 

DP 110 function slopes 

Participants with normal hearing as per pure tone thresholds 

In the current study, the slopes of DP 1/0 functions at 818, 1636, 2454 and 

3284 Hz in those participants exposed to ototoxic drugs, but who did not 

demonstrate hearing loss, were predominantly non-linear for the L2 intensity 

range of 55 to 65 dB SPL. Hence, those participants exposed to 

aminoglycosides who did not develop ototoxic hearing loss had DP 1/0 

function slopes and therefore, cochlear function similar to that of normal ears 

in the Kummer et al. and Dom et al. studies in the low frequencies. However, 

the current study found linear DP 1/0 function slopes in the high frequencies at 

4102 and 4919 Hz at most stimulus intensities, thus, suggesting that cochlear 

function did no longer demonstrate compressive behaviour at the high 

frequencies. The implication may be that the OHCs in the basal area of the 

cochlea responsible for processing high frequencies may have been affected 

by the ototoxic exposure. This change would be consistent with the literature 

on ototoxicity, i.e., that high frequency OHCs are damaged before those 

responsible for processing low frequencies (Barclay & Begg, 1994; Dreisbach 

& Siegel, 2001; Fausti et aI., 1984). Kummer et al. and Dom et al. reported 

compressive DP 1/0 function slopes at these moderate intensities. A reason 

for this discrepancy could be that the participants of the current study were 

exposed to aminoglycosides during the study, whereas Kummer et al. and 

Dom et al.'s normal-hearing participants were not. 
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you 
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yvr,uu'o istreptomycin lelona chiza 

umonakalo 

kakuhle. Kuba unokwazi 

"'iI'" ........ I''''''' ukuva ..... ""'nrIlQy''''' zakho ukwenzela 

LU'''UV<2 ezinokuthi zibekho . 

1 

ke 

kukuva 

• V",'\I"""WI olwaziwa 

umonakalo wendlebe 

'otoacoustic emissions test' 

indlela zokuvavanya 

otoacoustic emissions test kufakwa iprobhu kwindlebe 

I(\AIi"n-:;o'", uzive kodwa akusayi kubabuhlungu. Iprobhu Ie 

endlebeni ize ichaze 

InVIoIV,"Irl\rn akukho nto 

nangesimo somphakathi 

uyenze ngaphandle kokuhlala 

vavanyo lulandelayo luyakwenziwa kwigumbi 

sase 

Ndizokusebenzisa isibane 

Ndilandele ukuba umbindi 

wendlebe 

koku 

usebenza kakuhle. Akukho nto ozakufuneka uyenzile ngaphandle 

uvavanyo. 

Ze ukuva kweendlebe zakho. Emveni kokuba 

zakho uy.:lI'\I..I<:>ClICI Vlleawa 

uzokwazi ukuthetha nam. Uzakuva izandi 

indlebe enye ngE~xeisha lizandi ezininzi 

isandla sakho nanini na 

ezantsi kodwa 

isandL Injongo yolu vavanyo 
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Inonibolo v<:>rnfr,nn_miFnn,n' 

IdUesi: 
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Appendix A4 

English Subject Consent Form 

I hereby acknowledge that the purpose and procedures of the study has been 

fully explained to me. I also understand what is expected of me. I am aware 

that I can withdraw from the study at any stage without my treatment being 

affected. There was an opportunity for me to ask questions. 

I hereby give my consent to participate in the study. I also understand that my 

test results can be shared with myself, as well as my doctor, if it is necessary. 

I am also aware that the overall results of the study will be made known to the 

superintendent of the hospital. 

Signed: _____________ (Subject) 

______________ (Researcher) 

Date: 



Appendix A-5 

Afrikaans Subject Consent Form 

139 

Hiermee gee ek te kenne dat die doe I en die prosedure ten volle aan my 

verduidelik is. Ek verstaan wat van my verwag word. Ek is die geleentheid 

gebied om vrae te stel. Ek is bewus daarvan dat ek myself ter enige tyd van 

die studie kan onttrek, sonder dat my behandeling enigsins geaffekteer sal 

word. 

Hiermee stem ek in om deel te neem aan die studie. Ek gee my toestemming 

dat my toetsresultate met my dokter gedeel kan word, indien nodig. Ek is ook 

bewus daarvan dat die algehele toetsresultate aan die hospitaal se 

superintendent bekend gemaak sal word. 

Geteken: ______________ (Proefpersoon ) 

(Navorser) 

Datum: 
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Appendix A-6 

Xhosa Subject Consent Form 

Ndiyavuma ukuba yonke into emalunga nenjongo neendlela zokuqhuba 

oluphando ndiyicaciselwe kakuhle. Kwaye ndiyakuqonda konke okulindelwe 

kum. Ndiyazi ukuba ndingarhoxa koluphando nanini na. Ndilinikiwe ithuba 

lokubuza imibuzo. 

Ndinikeza ngemvume yokuthabatha inxaxheba kolu phando. Ndiyaqonda 

ukuba iziphumo zovavanyo ziyokwaziwa ndim nangugqirha wam ukuba oko 

kunyanzelekile. 

Ndiyaqonda kwakhona ukuba zonke iziphumo zovavanyo ziyakwaziswa 

urnphathi (usuperintendent) wesibhedlele, kodwa andisayi kuchazwa 

ngegama nakweziphi na izinto ezishicelelweyo ngoluphando. 

Sayina: ______________ (Umthathi-nxaxheba) 

______________ (Umphandi) 

Umhla: 
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Appendix B1. 

Distribution of mean pure tone thresholds in all participants over the eight-week period 

Mean dB SPL (SO) Skewness Kurtosis 
Week 0 2 4 6 8 0 2 4 6 8 0 2 4 6 8 

Frequency 
(Hz) 

250 10(1) 11(2) 12(5) 15(12) 18( 19) 1.37 1.87 2~62 3.44 3.16 -0.15 1.67 5.83 12.25 10.40 

500 10(0) 10(0) 11 (4) 14( 11) 18(18) 2.41 3.74 3.25 5.20 14.00 10.82 

1000 10(0) 10(0) 10(0) 12(4) 16(17) 4.12 3.74 3.46 17.00 14.00 12.00 

2000 1 O( 1) 1 O( 1) 10(0) 13(7) 16( 16) 2.61 4.12 3.74 3.33 5.44 17.00 14.00 11.30 

4000 1 O( 1) 11 (2) 11 (4) 17(19) 20(23) 2.24 1.22 0.73 3.27 3.02 4.58 0.87 -1.59 11.33 9.73 

8000 12(1) 12(2) 19(4) 21(19) 21 (23} _ 3.14 2.20 2.24 2.94 2.44 9.80 4.87 4.37 9.21 6.29 



Appendix B2. 

Distribution of DPgram absolute amplitudes in all participants over the eight-week period 

Week 

Frequency Norm 

(Hz) range 

o 
Mean dB SPL (SD) 

246 8 

Skewness 

o 2 4 6 

143 

Kurtosis 

8 o 2 4 6 8 

818 1.1-18.7 12.9(4) 12.6(4) 12.5(4) 12.4(5) 7.0(3) -0.53 -0.34 -0.32 -1.26 -0.01 -0.46 -0.82 -1.22 1.99 0.70 

1038 -1.2-22.8 13.3(4) 13.3(4) 13.6(4) 12.7(5) 7.9(4) -1.06 -0.56 -0.18 0.15 -1.21 0.65 -0.79 -0.54 -1.26 1.87 

1306 1.5 - 22.8 13.7(3) 12.3(5) 12.7(3) 11.9(5) 7.1 (3) -0.60 -0.12 -0.25 0.14 -2.22 -0.34 -0.72 -0.65 -1.21 6.66 

1636 0.0 - 16.3 13.0(5) 11.7(7) 12.0(5) 11.2(6) 6.7(4) -0.97 -0.22 -0.15 -1.01 -0.96 0.95 -0.74 -1.38 2.00 0.15 

2063 0.4 - 21.1 10.5(6) 9.5(5) 8.9(6) 8.4(7) 3.6(9) -0.19 -0.98 -0.75 -1.77 -1.78 -0.97 0.98 0.33 3.90 2.21 

2600 1.3 - 21.0 9.1 (6) 8.3(4) 7.1 (3) 6.0(5) 2.3(8) -0.63 -0.62 -0.77 -0.61 -0.97 -0.07 -0.63 0.91 -0.35 0.47 

3284 1.1 - 19.8 7.2(6) 5.2(6) 5.8(4) 3.0(8) -0.6(8) 0.90 0.02 0.15 0.28 0.60 1.29 -0.18 -0.25 0.25 0.71 

4126 7.2 - 22.2 10.3(4) 9.6(5) 8.6(6) 6.1(9) 2.3(9) -0.34 -0.57 -0.30 -0.20 -1.07 -0.79 -1.08 -1.39 -1.35 0.94 

5200 0.0 - 20.6 5.7(8) 5.1 (8) 2.9(9) 0.8(10) -2.0(9) _ 0.60 0.70 0.09 -0.32 0.57 -0.20 -1.01 -0.39 0.60 -1.00 
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Appendix C. Statistical comparison of noise floor over time as measured 

during DPgram measurement 

Mean noise dB SPL (SD) Friedman's ANOVA 

Week 0 2 4 6 8 F df P 

Frequency 

(Hz) 

818 -3 (2) -5 (2) -4 (4) -2 (4) -4 (4) 5.9 4 .209 

1038 -8 (3) -9 (2) -9 (3) -9 (4) -8 (4) 0.8 4 .938 

1306 -7 (3) -9 (2) -9 (3) -7 (3) -8 (2) 5.2 4 .271 

1636 -11 (2) -12 (2) -11 (2) -11 (2) -12 (1) 2.2 4 .691 

2063 -12 (3) -11 (2) -12 (2) -11 (2) -12 (2) 3.3 4 .509 

2600 -12 (2) -11 (2) -12 (3) -11 (2) -12 (2) 3.5 4 .482 

3284 -13(1) -13(1) -13(2) -14(3) -13(3) 1.3 4 .864 

4126 -10(4) -12(2) -14(1) -12(3) -13(1) 2.6 4 .626 

5200 -9 (3) -10(2) -11(2) -9 (2) -10(3)· 3.1 4 .541 
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Appendix D. Statistical comparison of noise floor over time as measured 

during DP 110 function measurement 

Mean dB SPL (SO) Friedman's ANOVA 

Week 0 2 4 6 8 F df P 

Frequency L2 intensity 

(Hz) (dB SPL) 

818 75 -6 (1) -4 (4) -5 (4) -3 (5) -4 (6) 3.2 4 .53 

70 -6 (1) -5 (4) -5 (4) -5 (5) -5 (6) 0.4 4 .98 

65 -6 (1) -6 (5) -6 (4) -4 (6) -6 (6) 5.1 4 .28 

60 -7 (3) -5 (5) -5 (4) -4 (6) -4 (6) 3.4 4 .49 

55 -6 (2) -5 (4) -6 (4) -4 (5) -5 (6) 3.8 4 .43 

50 -7 (2) -6 (4) -5 (4) -4 (6) -5 (7) 3.8 4 .43 

45 -8 (3) -6 (4) -6 (3) -5 (7) -5 (6) 4.0 4 .40 

1636 75 -9 (4) -11 (1) -11 (2) -10 (2) -10 (2) 2.8 4 .59 

70 -9 (4) -10 (3) -11 (1) -10 (3) -10 (3) 0.4 4 .98 

65 -10 (2) -11 (3) -11 (2) -11 (2) -10 (3) 1.9 4 .74 

60 -12 (1) -11 (2) -11 (2) -12 (2) -10 (3) 2.8 4 .58 

55 -11 (3) -11 (2) -11 (2) -11 (2) -10 (3) 4.2 4 .38 

50 -11 (3) -12 (2) -11 (3) -11 (3) -11 (2) 1.5 4 .82 

45 -11 (2) -11 (2) -12 (2) -11 (2) -12 (2) 1.8 4 .77 

2454 75 -12 (3) -11 (2) -10 (2) -10(2) -10(2) 3.8 4 .43 

70 -11 (4) -11 (2) .-12 (1) -12(2) -11 (3) 3.6 4 .46 

65 -11 (2) -11 (1) -12 (2) -12 (1) -12 (2) 2.3 4 .68 

60 -12 (2) -12 (2) -12 (1) -13(1) -12(2) 1.7 4 .78 

55 -12 (2) -12 (2) -13 (2) -13 (3) -11 (2) 3.7 4 .44 

50 -12 (2) -13(2) -13 (2) -14 (2) -12 (2) 4.6 4 .32 

45 -13(3) -13(2) -13(2) -14 (2) -12 (2) 5.9 4 .20 

3284 75 -12 (3) -10 (2) -12 (2) -11 (2) -11 (2) 9.3 4 .05 

70 -12 (4) -10 (1) -12 (1) -13 (1) -11 (3) 11.0 4 .02 

65 -13(2) -11 (1) -12(1) -12 (2) -11 (2) 4.9 4 .29 

60 -13 (1) -12 (3) -13 (2) -13 (2) -13 (2) 2.2 4 .69 

55 -13. (1) -12 (2) -14 (3) -13 (2) -13 (3) 1.5 4 .82 

50 -14 (3) -12 (2) -13 (1) -12 (4) -13 (3) 2.0 4 .72 

45 -13 (1) -12 (2) -13 (2) -12 (2) -13 (4) 3.4 4 .49 
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Appendix D. (cant.) 

4102 75 -11 {2} -12 (2) -11 {2} -11(3) -11{2} 0.9 4 .92 

70 -11 {4} -12 (2) -12 {1} -12{2} -12{3} 1.3 4 .B6 

65 -12 (3) -11 (3) -12 (2) -11 {2} -13 (2) 4.6 4 .32 

60 -11 {2} -11 (2) -12 {2} -12 (3) -12 {2} 1.6 4 .BO 

55 -13 {1} -13 (1) -12 {2} -11(2) -13{2} 4.9 4 .29 

50 -13 {2} -12 {1} -12 (2) -13{3} -13{2} 5.1 4 .27 

45 -14(1) -13(2) -13(2) -12(2) -13{2) 7.B 4 .10 

4919 75 -B (3) -9 {3} -11 {3} -B {2} -11 {4} 10.1 4 .03 

70 -10 {3} -11 (2) -11 {2} -10(2) -12{2} B.1 4 .OB 

65 -12(1) -12{1} -12(3) -11 {2} -13 (1) 4.5 4 .34 

60 -14 (2) -14 (2) -14 (2) -14 {2} -15 (2) 1.5 4 .B2 

55 -11 (3) -11 (4) -12 (3) -11 (3) -14 (3) 7.4 4 .11 

50 -12 {2} -13 (2) -12 (2) -12 (2) -14 (2) 7.7 4 .10 

45 -13(2) -13(2) -13(2) -13 (2) -14 (1) 2.2 4 .70 

Note: Bonferroni correction: a = .016 



Appendix E1. DP 110 function slopes at Week 8 in Participant A who developed hearing loss (as per pure tone thresholds) 

DP 110 function slo~es (dB/dB} 

Current study 

L2 Stimulus intensity 
level dB SPL Frequency (Hz) 

818 1636 2454 3284 

40 Un (1.1) Nlin (-1.0) Un (0.6) Nlin (-0.6) 

45 Un (1.1) Nlin (-0.3) Un (1.6) Un (2.1) 

50 Nlin (0.4) Un (1.4) Un (0.6) Un (0.9) 
55 Un (0.6) Un (1.3) Un (0.8) Un (0.9) 
60 Nlin (0.4) Un (0.6) Nlin (-0.1) Un (0.6) 
65 Nlin {0.1} Nlin (0.4} Nlin {0.4} Nlin {0.4} 

% NUn at each freguenc~ 50 50 33 33 

Overall % Nlin 44 
Note: Lin = Linear slope with range> 0.5 dB/dB (Ruggero et al., 1997) 

Nlin = Non-linear slope with range S 0.5 dB/dB (Ruggero et aI., 1997) 

4102 4919 

Nlin (0.4) Un (4.5) 
Un (1) Nlin (-1.7) 
Nlin (0.1) Nlin (0.5) 
Nlin (-0.3) Un (0.6) 
Nlin (-0.2) Un (1.2) 
Un {2.8} Un (0.8} 

66 33 

Previous research 
(Dorn et a!., 2001; 

Kummer et a!., 1998} 

Frequency (Hz) 

1000 to 6000 

Nlin 
Nlin 
Nlin 
Nlin 

Un 
Un 



Appendix E2. DP I/O function slopes at Week 8 in Participant B who developed hearing loss (as per pure tone thresholds) 

Stimulus intensity level 

dBSPL 

40 

45 

50 

55 

60 

DP 110 function slopes (dB/dB) 

Current study 

Frequency (Hz) 

818 1636 2454· 3284 4102 4919 

Lin (1.5) Nlin (0.4) Lin (1.1) 'Lin (0.7) Lin (0.6) Lin (0.7) 

Lin (1.1) Nlin (-0.1) Lin (0.7) Lin (0.6) Nlin (0.5) Nlin (0.3) 

Lin (0.8) Lin (1.6) Lin (1.1) Nlin (0.4) Nlin (0.3) Nlin (0.2) 

Nlin (0.3) Lin (1.0) Lin (1.1) Nlin (0.2) Lin (0.6) Nlin (0.3) 

Nlin (-0.4) Nlin (0.3) Lin (0.9) Lin (0.7) Nlin {0.5} Nlin (0.5) 

65 Nlin (-0.5) Nlin (-0.2) Nlin (0.2) Lin (0.9) Lin (0.8) Lin (0.7) 

% Nlin at each frequency 50 66 16 33 50 66 

Overall % Nlin 47 

Note: Lin = Linear slope with range> 0.5 dB/dB (Ruggero et aI., 1997) 

Nlin = Non-linear slope with range :s 0.5 dB/dB (Ruggero et aI., 1997) 

Previous research (Dorn et aI., 

2001; Kummer et aI., 1998) 

Frequency (Hz) 

1000 to 6000 

Nlin 

Nlin 

Nlin 

Nlin 

Lin 

Lin 



Appendix E3. OP 110 function slopes at Week 8 in Participant C who developed hearing loss (as per pure tone thresholds) 

Stimulus intensity level 

dBSPL 

40 

45 

50 

55 

60 

65 

% Nlin at each frequency 

Overall % Nlin 

OP I/O function slopes (dB/dB) 

Current study 

Frequency (Hz) 

818 1636 2454 3284 4102 4919 

Nlin (-0.6) Nlin (-1.4) Lin (0.9) Nlin (-1.1) Lin (0.8) Lin (1.7) 

Nlin (0.3) Nlin (0.5) Nlin (-0.7) Nlin (-1.8) Nlin (-2.4) Lin (0.9) 

Nlin (-0.3) Lin (1.8) Nlin (-0.2) Lin (2.4) Ntin (-1.0) Nlin (-4.5) 

Nlin (0.4) Nlin (0.2) Nlin (-0.6) Lin (1.8) Lin (1.2) Lin (4.5) 

Nlin (0.0) Ntin (0.3) Lin (1.4) Nlin (-0.3) Lin (1.3) Nlin (0.4) 

Nlin (-0.4) Nlin (-0.8) Ntin (-0.3) Nlin (-1.2) Nlin (-0.4) Nlin (0.3) 

Note: Lin = Linear slope with range> 0.5 dB/dB (Ruggero et al., 1997) 

Nlin = Non-linear slope with range S 0.5 dB/dB (Ruggero et al., 1997) 

Previous research (Oorn et aI., 

2001; Kummer et al., 1998) 

Frequency (Hz) 

1000 to 6000 

Nlin* 

Nlin* 

Nlin* 

Nlin* 

Lin* 

Lin* 

..... 
CJ'I o 




