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Chapterr 5 

ABSTRACT T 

Thiss study evaluates the hearing results after implantation of a Teflon piston (type Causse; 
Xomedd Surgical Products, Jacksonville, FL, USA) and of a pure gold piston (K-piston; Heinz 
Kurzz GmbH Medizintechnik, Dufilingen, Germany), both with a shaft diameter of 0.4 mm 
inn cases of otosclerosis requiring stapedotomy. An important difference between both pros-
thesess is the difference in mass: the gold piston is three times heavier than the Teflon piston. 
Retrospectivee analyses were carried out of the presurgery and postsurgery audiologic results 
obtainedd after primary stapedotomy by implantation of 62 Teflon pistons and 66 gold 
pistons.. The results were compared according to mean values of several audiometric param-
eters.. Furthermore, individual audiometric results have been evaluated with the "Amsterdam 
Hearingg Evaluation Plots" (AHEPs) as a method for visual presentation of hearing results 
fromfrom each operated ear. With this method "unsuccessfully" and "successfully" inserted pros-
thesess can be recognised easily and a more realistic comparison between prostheses is possi-
ble. . 
Itt was found that in the overall group the heavier gold prosthesis gives a significantly larger 
gainn in air-conductive hearing at 2 kHz (p < 0.05) and in the speech frequency range 0.5 to 2 
kHzz (p < 0.05). There were no significant intergroup differences with regard to change in 
bone-conductionn and air-bone gaps. Analysis of the hearing results of the subgroup that 
includedd only the "successfully" implanted prostheses according to the criteria of the AHEPs 
hadd mainly consequences for improvement of air-conduction thresholds: none of the inter-
groupp differences were statistically significant. 
Thiss study concluded that for a fair comparison between prostheses, it is necessary to take 
onlyy the prostheses into account that are inserted properly and that are functioning under 
normall  conditions with regard to transmission of sound vibrations. After analysis of the 
hearingg results of these "successfully" implanted prostheses, a trend was noticed that the 
heavierr gold piston gives more gain in the low- and mid- frequency range and the light-
weightedd Teflon piston gives more gain in the high- frequency range, although none of the 
differencess were significant. 

INTRODUCTION N 

Duringg the evolution of otosclerosis surgery many stapes replacement prostheses have been 
developed.. All these implants differ in size, shape, and weight. Various materials have been 
usedused for composing the prostheses. The available prostheses are most commonly composed 
off  three materials: fluoroplastic (Teflon-type polymer), stainless steel, or platinum.1 Of these 
materials,, Teflon remains the most frequently used material placed into the oval window as a 
stapess prosthesis. Teflon is well-tolerated in the middle ear because it is not reactive with 
tissue. . 
Recently,, a new prosthesis composed of gold became available on the market. Gold has the 
samee advantage of being unreactive with tissue. One of the most important differences 
betweenn Teflon and gold is the specific gravity of the material. The difference in mass of the 
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implantss is important because it will affect the transmission of lower and higher frequencies 
inn a different way. 
Inn our clinic, the Teflon piston has been used most frequently. However, since the golden 
pistonn became available in 1995, the second author started to use this prosthesis for 
implantationn and the first results with this prosthesis were promising.2 

Thee purpose of this study is to analyse retrospectively the audiologic results of the heavier 
goldd piston in comparison with the lighter Teflon piston. For data analysis, most often mean 
valuess of several audiologic parameters are taken into account, and we analysed our results in 
thiss way as well. However, it is also illustrative to evaluate the hearing results of each 
individuall  ear in separate analyses for the ears that received a gold piston or a Teflon piston. 
Therefore,, we used the "Amsterdam Hearing Evaluation Plots" (AHEPs)3 as a method for a 
simplee visual representation of audiometric results from each individually operated ear. In 
thiss method, the relation between the preoperative and postoperative bone conduction (BC) 
levelss is evaluated in the first plot to assess overclosure and iatrogenic cochlear damage, 
whereass in the second plot the relation between postoperative gain in air-conduction (AC) 
andd the preoperative air-bone gap (ABG) is evaluated as a measure of technical success rate. 
Presentingg results with the AHEPs opens the possibility to interpret and analyse audiometric 
dataa in any desirable way. 

SUBJECTSS AND METHODS 

Inn the 2-year period from January 1994 to December 1995, a Teflon stapes replacement pros-
thesiss was the first choice to be used in primary stapes surgery. In the next 2-year period 
fromm January 1996 to December 1997, a gold stapes replacement prosthesis was the first 
choicee to be used. To prevent selection bias, 14 ears that received a Teflon piston in the sec-
ondd period and 2 ears that received a gold piston in the first period were excluded from anal-
ysis.. All operations were done by one experienced surgeon (second author) who had 
performedd more than 500 stapes operations before the period enclosed by this study. There-
fore,, selection bias caused by a learning curve resulting from the surgeon being more experi-
encedd during the second set of surgeries, may be expected to play no significant role. 
Everyy ear that underwent revision stapes surgery and received a Teflon piston (n = 10) or 
goldd piston (n = 9) were excluded from analysis. Eventually, the stapes replacement prosthe-
sess that were considered for further analysis consisted of the remaining 62 Teflon pistons 
thatt were implanted in 60 patients in the period from January 1994 to December 1995 and 66 
goldd pistons that were implanted in 65 patients in the period from January 1996 to December 
1997.. One patient received at both sides a gold piston and two patients received a Teflon pis-
tonn at both sides. Two patients received at one side a Teflon piston and at the other side a gold 
piston.. The patients who received a Teflon piston included 21 men and 39 women with a 
mediann age of 40.7 years (range 16-68; SD  12.0) at the time of surgery. The patients who 
receivedd a gold piston included 25 men and 40 women with a median age of 43.9 years (range 
21-74;; SD  10.9) at the time of their operation. 
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Thee surgical approach to the middle ear was in all cases transcanal. In all cases the micro-

pickk technique described by Marquet4 was used to create a small fenestra in the stapes 

footplate.. The pistons were inserted directly into the opening of the stapes footplate. No soft 

tissuee grafts have been used to cover or fill  the oval window for sealing purpose. Oral 

antibioticc prophylaxis was given during surgery in all cases. 

Figuree 1 shows the gold and Teflon pistons that have been implanted. Table 1 gives the data 

concerningg several properties of both prostheses. The weight of the pistons was measured 

withh a Mettler Toledo MT5 microbalans (accuracy 1 ugr). The length of both prostheses was 

dependedd on the distance between the long process of the incus and stapes footplate. 

Tablee 1. Data of both prosthese. 

Alternativee name 

Material l 

Shaftt diameter (mm) 

Weightt (ug) 

Attachmentt to incus 

Coldd piston 

(n(n = 66) 

K-piston n 

puree gold (99,9%) 

0.4 4 

10192.0* * 

loop p 

Teflonn piston 

(n(n = 6 2 ) 

Caussee piston* 

fluoroplastic c 

0.4 4 

3199.0* * 

ring g 

**  Designed for Jean Bernard Causse, MD, Béziers, France. 
**  Weight of piston both with a length of 5.0 mm. 

Fig.. 1. The prostheses to be compared in this study. Above the gold K-piston and below the Causse Teflon 
piston. piston. 

Everyy patient had audiometric testing of both AC thresholds (0.125-8 kHz) and BC thresh-

oldss (0.5-4 kHz) before and after operation. The mean time of audiometric testing after 

surgeryy was 1.8 months (range 0.6-3.4; SD  0.5) in the gold piston group and 1.7 months 

(rangee 0.8-12.0; SD + 1.4) in the Teflon piston group. Al l audiograms were performed by 
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classifiedd personnel according to the ISO-389 (1975) standard. The mean follow-up time 
afterr surgery was 16.2 months (range 5-27; SD  7.8) in the gold piston group and 22.4 
monthss (range 10-42, SD  9.4) in the Teflon piston group. 
Differentt studies5'6 have shown that the inclusion of 4 kHz in establishing the AC and BC 
pure-tonee average (PTA) influences the success rate for hearing outcome. To allow compari-
sonss with other studies, we present our results by accounting the three frequency PTA (0.5,1, 
22 kHz) and the four frequency PTA (0.5, 1, 2, 4 kHz). To analyse the influence of both pros-
thesess on the BC thresholds, a third PTA combination was computed by using 1,2 and 4 kHz 
becausee the difference in preoperative versus postoperative values of this particular fre-
quencyy combination has been suggested as a sensitive measure of overclosure or cochlear 
damagee to hearing.5 For evaluation of effects on ABG, we used the AC and BC of the same 
testt session (i.e. postoperative audiogram) in computing the postoperative ABG as recom-
mendedd by the AAO-HNS.5 

Alll  data were entered into a computer database and analysed with a spreadsheet program. 
Inferentiall  statistics (paired f-tests) were used to study hearing changes per group. To test the 
intergroupp differences, a repeated measures analysis of variance was used to test and estimate 
frequency-specificc differences in AC, BC and ABG with respect to changes in preoperative 
andd postoperative hearing. The model assumptions used for statistical analysis were checked 
byy normal probability between and within patient residuals and by comparing frequency-
specificc standard deviations. P-values for effects with >1 numerator degree of freedom were 
basedd on the Huynh-Feldt corrections for nonsphericity. Our criterion for statistical signifi-
cancee was set at p-values < 0.05. 

RESULTS S 

Resultss are presented with regard to mean postoperative changes in BC, ABG and AC. 
Furthermore,, hearing results of each ear were analysed for the gold piston group and Teflon 
pistonn group separately. 

Bone-conduction n 
Preoperatively,, there were no clear differences in BC thresholds between both groups. Post-
operatively,, there was an average improvement in the mean BC levels at every frequency for 
bothh prostheses with exception at 0.25 kHz for the Teflon piston. The most obvious improve-
mentss in mean BC thresholds were at 2 kHz being 8.4 dB (SD  10.1) for the gold piston and 
7.44 dB (SD ) for the Teflon piston (Table 2). 
Inn the gold piston group, the mean improvements in BC hearing were statistically significant 
(pairedd t-test) for the individual frequencies in the range from 0.5 to 2 kHz and for all three 
PTAA combinations, whereas the mean improvement in the Teflon piston group was statisti-
callyy significant (paired f-test) for the frequency 2 kHz and for the PTA combinations 0.5, 1, 
22 and 1, 2, 4 kHz (Table 2). However, none of the inter-group differences according to the 
repeatedd measures analysis of variance were statistically significant for each of the frequen-
ciess or frequency combination. 
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Air-bon ee gap 

Thee mean postoperative reduction of ABG for each single frequency and for the three 

frequencyfrequency PTA (0.5, 1, 2 kHz) and four frequency PTA (0.5, 1, 2, 4 kHz) are presented in 

Figuree 2. Before surgery, the mean ABG for the three frequency PTA was 31.2 dB (SD  9.5) 

inn the gold piston group and 29.3 dB (SD  11.2) in the Teflon piston group. Postoperatively, 

thesee values were 6.8 dB (SD  4.7) and 7.6 dB (SD  5.9), respectively. Including 4 kHz in 

computingg a four frequency PTA, the mean preoperative ABG was 28.1 dB (SD  9.3) in the 

goldd piston group and 26.5 dB (SD  10.3) in the Teflon piston group, which reduced 

postoperativelyy to 7.7 dB (SD  5.1) and 7.1 dB (SD  5.6), respectively. After a repeated 

measuress analysis of variance, there was no evidence of a significantly better ABG reduction 

betweenn both prostheses groups. 

Tablee 2. Postoperative gains averages and standard deviation in bone-conduction thresholds of the 
goldd piston in comparison with the Teflon piston for each individual frequency and three dif-
ferentt PTA frequency combinations. 

Freque e 
(kHz) ) 

0.25 5 

0.5 5 

1 1 

2 2 

4 4 

0.5,, 1, 

0.5,, 1, 

1,2,4 4 

>ncy y 

2 2 

2,4 4 

Gold d 

meann gain 
(dB) ) 

1.4 4 

3.4 4 

3.8 8 

8.4 4 

1.9 9 

5.2 2 

4.4 4 

4.7 7 

pistonn (n 

SD D 

7.0 0 

9.0 0 

8.2 2 

10.1 1 

8.4 4 

7.1 1 

6.3 3 

6.6 6 

== 66) 

St.. sign. 

NS S 

p-0 .023 3 

pp = 0.020 

p << 0.001 

NS S 

p=p= 0.001 

p=p= 0.006 

p-0 .011 1 

Teflon n 

meann gain 
(dB) ) 

-0.4 4 

1.2 2 

2.7 7 

7.4 4 

1.0 0 

3.8 8 

3.1 1 

3.7 7 

pistonn (n 

SD D 

6.2 2 

8.1 1 

8.2 2 

9.1 1 

8.7 7 

6.4 4 

6.0 0 

6.4 4 

== 62) 

St.. sign. 

NS S 

NS S 

NS S 

pp = 0.001 

NS S 

p=0.014 4 

NS S 

pp = 0.046 

Intergroupp diff. 

St.. sign 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

St.. sign. - statistical significance; NS = not significant; inferential statistics (paired t-test) was used for 
statisticall  significance within the gold and Teflon piston group; repeated measured analyses of variance 
wass used for statistical significance for inter- group differences (Intergroup diff.). 

Tablee 3 presents data of postoperative ABG closures for both PTA combinations against the 

cumulativee percentages of subjects in 10 dB increments. Taking ABG closure within 10 dB as 

aa measure of success, the gold piston has a small advantage for the three frequency PTA; the 

intergroupp difference was 4% (Table 3). However, there was practically no difference in ABG 

closuree within 10 dB for the four frequency PTA. 
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Tablee 3. Postoperative air-bone gap (ABG) computed with postoperative bone-conduction levels for 
twoo different PTA combinations against cumulative percentage of patients in 10 dB incre-
ments. . 

ABG G 

<10dB B 

<20dB B 

<30dB B 

<40dB B 

Goldd (n = 

%% (n) 

86.33 (57) 

98.55 (65) 

100(66) ) 

100(66) ) 

0.5, , 

66) ) 

,, 2 kHz (PTA) 

Teflonn (n = 

%% (n) 

82.3(51) ) 

96.88 (60) 

100(62) ) 

100(62) ) 

62) ) Goldd (n = 

%% (n) 

80.33 (53) 

95.44 (63) 

98.55 (65) 

100(66) ) 

0.5, , 

66) ) 

1,2,, 4 kHz (PTA) 

Teflonn (n = 62) 

%% (n) 

79.00 (49) 

98.4(61) ) 

100(62) ) 

100(62) ) 

Air-conduction n 
Beforee operation there were no clear differences in the mean AC thresholds between both 
groups.. Postoperatively, there were statistically significant (p < 0.001; paired Mest) improve-
mentss of AC thresholds at each frequency for both prostheses except at 8 kHz. The mean pre-
operativee AC hearing loss for the three frequency PTA in the gold piston group was 52.1 dB 
(SDD  11.1) and in the Teflon piston group this was 49.0 dB (SD  12.6). This improved after 
thee operation to 22.1 dB (SD  9.2) in the gold piston group and to 23.5 dB (SD  9.4) in the 
Teflonn piston group. The mean preoperative AC levels for the four frequency PTA were 51.9 
dBB (SD ) in the gold piston group and 48.0 dB (SD  12.6) in the Teflon piston group. 
Postoperatively,, this improved to 26.1 dB (SD  10.6) in the gold piston group and to 25.6 dB 
(SDD  10.7) in the Teflon piston group. 
Afterr repeated measures analysis of variance the intergroup differences between both pros-
thesess were statistically significant for 2 kHz and for the PTA combination 0.5, 1 and 2 kHz 
(Tablee 4). 

Analysiss hearing results for  each individual ear 
Wee used the AHEPs3 as a method for visual presentation in reporting hearing results from 
eachh individually operated ear which received a gold and a Teflon piston. To visualise the 
effectt of surgery on BC, the pre- and postoperative BC thresholds for the PTA combination 1} 

2,, and 4 kHz are plotted in Figures 2A and 3A for the gold and Teflon piston, respectively. In 
thesee graphs the two dotted diagonal lines enclose the area within BC did not change more 
thann 10 dB. Iatrogenic cochlear damage was defined as a postoperative decrease of BC 
thresholdss of more than 10 dB and it is indicated by every point above the upper dotted 
diagonall  line, whereas every point below the lower dotted diagonal line can be considered as 
ann improvement of the BC due to the Carhart effect. In the gold piston group, 21.2 % (14/66) 
showedd 10 dB or more improvement of BC thresholds (Fig. 2A) against 17.7 % (11/62) in the 
Teflonn piston group (Fig. 3A). A deterioration of BC thresholds of more than 10 dB was not 
foundd in the Teflon piston group (Fig. 3A), whereas one patient in the gold piston group 
showedd a deterioration of 13 dB (Fig. 2A). 
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Tablee 4. Postoperative gains averages and standard deviations in air-conduction thresholds of the gold 
pistonn in comparison with the Teflon piston for each individual frequency and two PTA fre-
quencyy combinations. 

Frequt t 
(kHz) ) 

0.125 5 

0.25 5 

0.5 5 

1 1 

2 2 

4 4 

8 8 

0.5,, 1, 

0.5,, 1, 

>ncy y 

2 2 

2,4 4 

Gold d 

mean n 
(dB) ) 

33.0 0 

33.0 0 

32.9 9 

31.5 5 

25.5 5 

13.3 3 

-3.9 9 

30.0 0 

25.8 8 

pistonn (n = 66) 

gain n SD D 

13.8 8 

13.5 5 

12.3 3 

11.3 3 

11.3 3 

15.2 2 

16.4 4 

10.2 2 

10.2 2 

St.. sign. 

pp < 0.001 

pp < 0.001 

pp < 0.001 

pp < 0.001 

pp < 0.001 

pp < 0.001 

NS S 

p<p< 0.001 

pp < 0.001 

Teflon n 

mean n 
(dB) ) 

28.5 5 

30.5 5 

28.5 5 

27.6 6 

20.4 4 

13.3 3 

-0.3 3 

25.5 5 

22.4 4 

pistonn (n = 62 

gain n SD D 

16.0 0 

17.2 2 

16.4 4 

12.7 7 

13.3 3 

14.6 6 

17.2 2 

12.8 8 

12.4 4 

) ) 

St.. sign. 

pp < 0.001 

pp < 0.001 

pp < 0.001 

pp < 0.001 

pp < 0.001 

pp < 0.001 

NS S 

pp < 0.001 

pp < 0.001 

Intergroup p 
diff. . 

St.. sign 

NS S 

NS S 

NS S 

NS S 

pp = 0.020 

NS S 

NS S 

pp = 0.034 

NS S 

St.. sign. = statistical significance; NS = not significant; inferential statistics (paired Mest) was used for 
statisticall  significance within the gold and Teflon piston group; repeated measures analyses of variance 
wass used for statistical significance for intergroup differences (Intergroup diff.). 

Thee gain in AC after surgery largely depends on the preoperative gap between AC and BC 
levels:: the greater the ABG the more gain one may expect in AC after a technically successful 
operation.. To show the relation between these two parameters, the AC for the PTA combina-
tionn 0.5, 1, 2, and 4 kHz is plotted against the preoperative ABG of each operated ear in 
Figuress 2B and 3B for the gold and Teflon piston, respectively. In these graphs the solid diag-
onall  line indicates total closure of the gap between preoperative AC and BC. Consequently, 
everyy point below the solid diagonal line indicates a gain in AC that is larger than one may 
expectt from preoperative ABG and such a result can be regarded as overclosure. The number 
off  overdosures can be seen easily from the plots being 25 (37.9%) in the gold piston group 
(Fig.. 2B) and 16 (25.8%) in the Teflon piston group (Fig. 3B). All ears that were considered 
ass a technically "successful" operation (i.e., all points below the dotted diagonal line) had 
ABGG closure to 20 dB or less between postoperative AC and preoperative BC levels but also 
betweenn postoperative AC and postoperative BC thresholds. We defined an "unsuccessful" 
operationn result as a negative change in AC threshold or a change in AC that was not enough 
too close the gap between postoperative AC and preoperative BC to 20 dB or less. Every point 
abovee the dotted diagonal line in Figures 2B and 3B indicate such an "unsuccessful result" 
(markedd by A-symbol and Arabic numeral). There was one "unsuccessful" operation result 
inn the gold piston group (Fig. 2B) against four in the Teflon piston group (Fig. 3B). 
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Fig.. 2. Audiometric results after implantation of 66 gold pistons visualized with the "Amsterdam Hearing 
EvaluationEvaluation Plots" (AHEPs). A: Preoperative bone-conduction and postoperative bone-conduction 
plottedplotted for individual ears. Pure-tone average (PTA) was calculated for the high frequency 
combinationcombination at 1, 2, and 4 kHz. The two diagonal lines enclose the area within the bone-
conductionconduction did not change over more than 10 dB. B: Postoperative gain in air-conduction plotted 
againstagainst preoperative air-bone gap for individual ears. PTA was calculated for the frequency 
combinationcombination at 0.5, I, 2, and 4 kHz. The solid diagonal line indicates total closure of the gap 
betweenbetween preoperative air-conduction and bone-conduction. Every point below this line is defined as 
overclosure.overclosure. An unsuccessful operation result with regard to air-conduction (marked by A-symbol) 
isis defined as a negative change in air-conduction (indicated by the dotted vertical line at 0 dB gain 
inin air-conduction) or a change in air-conduction that was not enough to close the gap between 
postoperativepostoperative air-conduction and preoperative bone-conduction to 20 dB or less (indicated by the 
dotteddotted diagonal line). Each unsuccessful operation result from Figure 2B is also marked by a A -
symbolsymbol in Figure 2A, and each failure-case can be identified by the same Arabic numeral. Some 
pointspoints in the graph may coincide when they have the same audiometric values. 
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Tablee 5, Inter-group differences of postoperative change in air-conduction between the gold piston 
groupp and the Teflon piston group for each individual frequency and two frequency combina-
tions. . 

Intergroupp diff. with inclusion of 
"unsuccessful"" operation results 

Intergroupp diff. with exclusion of 
"unsuccessful"" operation results 

Frequencyy (kHz) A AC Gold - A AC Teflon St. sign. A AC Gold - A AC Teflon St. sign. 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

0.125 5 

0.25 5 

0.5 5 

1 1 

2 2 

4 4 

8 8 

0.5,, 1, 

0.5,, 1 

2 2 

2,4 4 

4.5 5 

2.5 5 

4.4 4 

3.9 9 

5.1 1 

0 0 

-3.6 6 

4.5 5 

3.4 4 

NS S 

NS S 

NS S 

NS S 

pp = 0.020 

NS S 

NS S 

pp = 0.034 

NS S 

2.8 8 

2.3 3 

2.5 5 

2.8 8 

4.1 1 

-1.2 2 

-5.4 4 

3.1 1 

2.0 0 

Statisticall  significance (St. sign.) for intergroup differences (Intergroup diff.) of postoperative gain in 
air-conductionn (A AC) between the gold piston group and the Teflon piston group was based on 
repeatedd measures analyses of variance; NS = not-significant. 

Alll  failures were based on a remaining postoperative ABG of more than 20 dB while none of 
thee failures were caused by a severe sensorineural hearing loss as can be seen from Figures 2A 
andd 3A (failures from Figures 2B and 3B can be recognised in Figures 2A and 3A by the same 
A-symboll  and Arabicc numeral). 
AA second repeated measures analysis of variance has been performed on the hearing results 
off  the "successfully" operated ears to establish if there were significant differences between 
bothh prostheses groups after exclusion of technically "unsuccessful" results identified with 
thee AHEPs. Analysing the results in this way did not substantially affect improvement in BC 
norr in ABG for both groups; there was still no evidence of an overall intergroup difference 
forr both audiological parameters. However, such an analysis had consequences on the gain in 
ACC as shown in Table 5. 
Inn the frequency range 0.125 to 2 kHz the gold piston gives better hearing improvement and 
forr the frequencies 4 and 8 kHz the Teflon piston shows an advantage. However, the differ-
encess are small and none of the intergroup differences were statistically significant for all 
individuall  frequencies nor for both frequency combinations. 
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Fig.. 3. AHEPs as in Figure 2, but for 62 Teflon pistons. 

DISCUSSION N 

Sincee Shea demonstrated in 1956 that removing the stapes, opening the inner ear, and 

replacingg the stapes with a prosthesis could be performed safely and with immediate 

improvementt of hearing, the search for the ideal stapes replacement prosthesis began. The 

ideall  prosthesis has to meet several requirements. It must be biocompatible, it must be easy 

too manipulate, and it must fit  securely on the incus to transmit the vibrations towards the 

ovall  window. Teflon and gold have the qualities of being nonreactive with host tissue, but 

theyy differ in weight. Gold has the advantage of being soft and malleable and thus the 
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prosthesiss can easily be shaped to the individual conditions in the middle ear. For the 
attachmentt to the incus, the gold piston has a ribbon form loop that permits close contact to 
thee long process of the incus after closing the loop with the McGee wire crimper. The Teflon 
pistonn has a loop that requires expanding the ring prior to placement. The ring will remain 
openn for several minutes and the plastic memory will cause the ring to close securely around 
thee incus. If necessary, gentle crimping is possible to close the ring more tightly. 
Ourr study focused on a comparison of the hearing results for the two prostheses in a short-
termm follow-up study. It is important that other aspects as incus necrosis and other pros-
thesis-relatedd complications that are relevant during revision surgery are examined in 
anotherr long-term follow-up study. Although our follow-up is relatively short, it was neces-
saryy to perform revision surgery 7 months postoperatively in one patient who received a gold 
piston.. During the revision operation, there was a dislocation of the gold piston that appar-
entlyy was bent because of many adhesions in an ear with active otosclerosis. A Teflon piston 
couldd be placed with success. In the patient group that received a Teflon piston, we did not 
performm revision surgery within the follow-up interval covered by this study. 
Comparisonn of stapes replacement prostheses in the literature is difficult because different 
audiologicall  criteria are used to establish success. Some studies report preoperative and 
postoperativee AC results with three or four frequency PTAs.8'9 Other studies used 
postoperativee ABG to evaluate success.10"12 Another problem is that some studies12 do not 
mentionn if the preoperative BC or postoperative BC thresholds are used in composing the 
postoperativee ABG. Using preoperative BC thresholds rather than postoperative BC 
thresholdss in computing ABG artificially improves hearing results after stapes surgery 
becausee ABG overclosure caused by the Carhart effect is included. In our results, this 
improvementt turned out to be 4.5 % for the gold piston and 3.3 % for the Teflon piston for 
thee closure rate within 10 dB, averaged at 0.5,1,2 and 4 kHz. 

Too evaluate the hearing results in each operated ear we used the AHEPs. The plots show the 
individuall  results and visualise the amount of overclosures (Figs. 2B and 3B), which is espe-
ciallyy of interest in reporting results of stapes surgery. In addition, the unfavourable hearing 
resultss can be recognised easily with regard to cochlear damage (Figs. 2A and 3A) and resid-
uall  conductive hearing loss (Figs. 2B and 3B). 
Inn comparing audiometric results after implanting different prostheses and especially in 
examiningg the effects of differences in weight, it is important to take only the prostheses into 
accountt that are functioning normally with regard to sound transmission function. Not 
excludingg "unsuccessfully" performed operations (Le., all points above the dotted diagonal 
linee in Figures 2B and 3B) could easily lead to misleading results as these pistons do not 
transmitt sound vibrations under normal conditions. In these cases the pistons were incor-
rectlyy inserted, became dislocated some time after surgery, or there were other reasons result-
ingg in a remaining conductive hearing loss. The reason why a substantial ABG still exists 
postoperativelyy can only be detected by performing revision surgery. Although definitions of 
good,, moderate or unsuccessful results are arbitrary issues, we choose to define an "unsuc-
cessful""  result as a negative change in AC threshold or a remaining gap of more than 20 dB 
betweenn postoperative AC and preoperative BC levels. 
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Inn our opinion, analysing audiometric data with the AHEPs forms a valuable com-
plementaryy method to determine technical success after surgery and offers the possibility to 
comparee the spread in individual results for different populations. However, the AHEPs do 
nott give an impression of the benefit a patient derives from surgery as patient's disability is 
alsoo determined by the hearing thresholds of the nonoperated ear. More disability-oriented 
methodss of data analysis are described by Browning et al.13 and de Bruijn et al..14 

Whichh influence upon hearing can be expected from the differences in weight between both 
prostheses?? From a theoretical point of view one may expect a difference in hearing 
improvementt on the basis of the "Impedance Formula" as already described by Johansen15 

inn 1948. The impedance is defined by the following equation: 

1== V[r2 + (m.f-s/ f )
2] 

wheree r, s and m indicate friction, stiffness and mass, respectively. If it is taken for granted 
thatt the sound conduction system of an ear may be equalised to a simple vibrating system, 
thee proportion between force and rate can be expressed by an impedance or resistance. The 
higherr the impedance, the more difficult it will be for the vibrations striking the tympanic 
membranee to be transmitted to the sensory epithelium, and this means a decrease in hearing. 
Fromm the "Impedance Formula" it can be converted that increased mass of the vibrating sys-
temtem will increase the impedance for higher frequencies. The converse effect will happen for 
thee lower frequencies. Thus, from a theoretical point of view one may expect that the lighter 
Teflonn piston will give more hearing gain in the higher frequencies and the heavier gold pis-
tonn will give more gain in the lower frequencies, although some precautions have to be made 
withh this theoretical approach because it was assumed that difference in stiffness and friction 
wouldd not be influential factors. The approach, however, is in agreement with our findings 
afterr performing a second analysis on hearing results in which we took only the pistons into 
accountt that were implanted "successfully" according to the AHEPs. Although differences 
weree small and not statistically significant, it appeared that the heavier gold piston showed a 
largerr gain in hearing for the lower and mid frequencies, while the lighter Teflon piston 
showedd an advantage in the higher frequencies (Table 5). 
Somee experiments have been done on the effects of mass on middle ear function. Brenkman 
ett al.16 found in human temporal bones that loading the stapes with a magnet with a weight 
off  3.66 mg affected stapes amplitude measured with a SQUID magnetometer method. A 
higherr amplitude was reached in the lower frequencies and a lower amplitude in the higher 
frequencies.frequencies. The crossover frequency was between 3 and 4 kHz. However, this effect was 
onlyy evident if the mass was large enough; loading the stapes with magnets with a lower mass 
(1.05,1.5,, 2.16 mg) did not have a substantial effect on stapes amplitude. These results from 
experimentall  studies are to a certain extent in agreement with our findings. The gold piston 
iss approximately three times heavier than the Teflon piston, whereas the weight of the Teflon 
pistonn is about the same as the weight of an average human stapes (3.02 mg)17 Thus, one 
mayy expect that the mass added on the vibrating system of the middle ear after insertion of a 
goldd piston is enough to have an effect on amplitude. The increased mass will give a higher 
amplitudee in the low frequencies and a lower amplitude in the high frequencies. 
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Consequently,, one may expect that increased mass will give more gain in hearing for the 
lowerr frequencies and less gain in hearing for the higher frequencies with the crossover 
frequencyy between 3 and 4 kHz as is the case in our results. 
Loadingg experiments in animals were done by Cottle and Tonndorf.18 They put drops of 
mercuryy on the stapes footplate of cats and measured the cochlear microphonics. It was 
foundfound that if 1.14 mg of mercury was loaded on the stapes footplate, the cochlear 
microphonicc response increased with about 3 to 4 dB at 1 kHz, but a loss occurred at the 
higherr frequencies. In this case the stapes mass in the cat (normal weight 0.58 mg) was 
increasedd with a factor of approximately three. 
Robinson122 performed a clinical comparative study between two prostheses with a difference 
inn weight. He compared the hearing results obtained after stapedectomy by implantation of 
thee Robinson stainless steel prosthesis (weight 12.5 mg) and the Robinson Teflon prosthesis 
(weightt 3.3 mg). Better hearing results were obtained with the heavier stainless steel 
prosthesiss in the low frequency ranges and in the high frequency ranges. Furthermore, he 
foundd that the rate of overclosures was much higher with the heavier stainless steel 
prosthesis.. In our results there was also a higher overclosure rate with the heavier gold piston 
(37.33 %) in comparison with the lighter Teflon piston (25.8%). However, if the criterion 
ABGG closure to within 10 dB is taken as a measure of success, the success rates do not differ 
muchh between both prostheses and are in agreement with other studies dealing with hearing 
resultss after implantation of stapes replacement prostheses.10'19. 

Althoughh changing the weight of the prosthesis in stapes surgery may have only a relatively 
smalll  effect on the final hearing result, this effect may be significant if it contributes to 
approximatelyy 5 dB more gain over other prostheses. It can be an influential factor in 
detrminingg the type of prosthesis to be used in patients with mixed hearing losses because 
suchh a gain can be critical in changing the result from a non-serviceable hearing level to a 
serviceablee hearing level. In our results, the mean hearing gain in the speech frequencies at 
0.5,, 1 and 2 kHz (PTA) differs 4.5 dB in favour of the gold piston and was statistically signifi-
cantt in the whole group of "successfully and "unsuccessfully" implanted prostheses after 
repeatedd measured analysis of variance. However, analysing the results after exclusion of 
"unsuccessful""  operations identified with the AHEPs, the intergroup difference was 3.1 dB 
andd not statistically significant (Table 5). 
InIn this study we were mainly interested in the differences of the hearing results after opera-
tion.. Although the overall hearing results were in favour of thee gold piston, it must be stated 
thatt our follow-up is relatively short; therefore, it is necessary to perform a revaluation in 
thee future to establish the differences in long-term hearing. 
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