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Summary:
Background: There has always been a need for valuable measurements that can be used to measure hearing loss degree in patient who cannot responses to the subjective (behavioral) tests.

Objectives: to examine the accuracy of the click - Auditory Brain stem Response (ABR) test in estimating the hearing loss degree in comparison with the behavioral tests {Free Field (FF)  or Pure Tone Audiometry (PTA )}. 
Subjects and method: One hundred twenty one children, with suspected hearing loss, their age between 1-9 year, 51 females and 70 males were examined in this work. Auditory evaluation in children who were suspected of having hearing loss done via the behavioral  tests, and click ABR. A comparison  has been done between ABR and the Free Field test threshold result in group (1), ABR with Pure Tone Audiometry results  in group (2).

Result: The relationship between the hearing loss thresholds using the behavioral  tests and click ABR test were variable. The identical ABR results relative to the FF or PTA  results in Profound hearing loss were 84 %, and 100 % respectively. But this percentage decreased, starting from the severe hearing loss to normal hearing, it was 57% for PTA and 31% for the FF. 

Conclusion: Click –ABR, (2 – 4 kHz) test cannot be used as the only auditory threshold estimation but as a necessary part of the collective hearing data tests. 
Keywords:  Free Field test, Pure Tone Audiometry test, Auditary Brain stems Response, hearing loss threshold, morphology of ABR waves.

Introduction: 

Ear is the key of communication.  Normal hearing at birth is important for the development of speech and language skills. Early diagnosis of hearing loss in babies and children helps to refer those patients for rehabilitation or habilitation of speech. To reach a valid diagnosis on the type and the degree of hearing loss, different test methods are used such as Free Field (FF), Pure Tone Audiometry (PTA), and auditory brainstem response (ABR). The traditional behavioral / subjective tests (FF and PTA) are used, by which the acoustic signal stimuli employed to get information’s for diagnosis. The behavioral test required patient's cooperation (1).
The Auditory Brainstem Response (ABR) test is widely used for hearing assessment. Since its appropriate method for any patient at any age who cannot provide a reliable behavioral response (2, 3).  But the click - ABR do not measure hearing rather than recording the electrical activity generated at several anatomical sites, from the eighth nerve to the cortex, in response to an acoustic stimulus (4, 5). So generally it is an indicator of the peripheral auditory function.  There has been debate over years whether 
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the ABR can be  employed to predict  the hearing loss level. Many studies reported that there is arelative agreement between the ABR test results and the behavioral threshold of pure tone in frequency band of 2– 4 kHz (6, 7, 8). But other studies postulated that the relationship is too variable even for the frequencies at which the correlation   was good (9,10).  Since there are several methods available for diagnosis hearing loss.  It is important to assess these independent methods outcome, which serve to cross – check or complement one another.  Therefore this work was carried out to evaluate the  click ABR results with the traditional behavioral test results; such as free field (FF) or pure-tone (PTA).
Patients and Methods:
One hundred and twenty-one, infants and child, aged ranged between 1- 9 years, 51 females and 70 males, were involved in this study. All these patients  were experiencing hearing problems, or delayed speech. 
The hearing tests were conducted at the audiology laboratory Specialized Hearing & Speech Center at the Medical   City/ Baghdad.A full clinical history information was taken from  each patients including: date of birth, accommodation, prenatal disease, learning achievement of the parents, the economic status of the family, and   duration  of hearing impairment .The audiological examination of hearing for all patients was performed, according to the patient age and their intelligence, by the Free Field (distraction)  tests or Pure Tone Audiometery test. The distraction tests were used for all infants and for  the majority of children, even with age greater than two years, when they were unable to cooperate during  the pure tone audiometry test. The second check was conducted for all patients by using the  ABR test.  To examine the accuracy of the physiological Click - ABR results in estimating hearing loss states, a comparison was done between ABR and  free field results (group 1),   plus ABR with pure tone audiometry results (group 2). Free Field (Distraction) test:  The sound test stimulus presented in the horizontal plane to the ears, at a distance of 0.15 -1 m, using different frequencies and intensities. The response  was expected when the baby head turn in the direction of the sound immediately. Pure Tone Audiomatry (PTA) test: using the At moscreen 20K (ATMOS) audiometer, pure tone audiometer generates pure tones at various frequencies (250, 500, 750, 1000, 2000, 3000, 4000, 6000 and 8000 Hz). During the test, the  intensity scale was changed from 0 dB to about 100 dB hearing level (HL) for air conduction tests. The test signal was delivered through headphone so  that both ears can be tested. But in bone conduction test the intensity was started from 0 dB HL to 60 dB HL, the signal delivered through single bone vibrator positioned on mastoid bone. Patient taking the test was asked to response to the sound stimulus, either by raising a finger, Hand, Or Pressing A Button, When Sound Was Heard. Then The Threshold Results Were Recorded On  the Audiometric Sheet. 
ABR Test: The  Click ABR Test Was Carried Out Using  Octavus ABR, Type 5000 Of GN  OTOMETRIC (Denmark) With Supra -Aural Type Holmco 95-01, HB -7Headphone.
The Test Was Performed With The Patient Lying Down (Still Or Sleeping). Often Sedation With Medication ( Chloral Hydrate ) Was Given In Order To Prevent Any Movement  Which  May Interfere  And Distort The Results. Then The Four Sticker Electrodes Fixed.
Before The ABR Measurement  Takes Place, The Fllowing ABR Parameters  Setting  Done Such As  (1)-Rarefaction clicks, (2)- filter setting of ( 160  - 3000 Hz),  (3) - 2000 (sweep) stimuli in total, (4)-  presentation rate of 20 stimuli/second, and( 5)-  the window analysis  (10 – 15 ms).Usually the ABR sound click  was started at intensity of 70 dB HL.Then decreasing  the intensities stimulus was continued to 60, 50, 40 dB HL, until the disappearance of wave V from  the waveform. The stimulation procedures  is performed through ear phone.  To avoid stimulation of the contralateral ear by air conduction a masking noise was used at an intensity 20 dB less than of the click stimulus .The ABR results  were estimated from the morphology of the waves which obtained at different intensities. Starting from the highest intensity which contains the defined peaks of waves I, III,  and V  to the lowest intensity at which wave V disappear. At this point threshold level of hearing loss at the examined ear is obtained. From the shape of the  waveform, latency, and intensity  the threshold of hearing loss and the  type  could be determine.    
Results:       
Generally the causes of hearing disorder  are related to hereditary or non – hereditary. In this study 10 patients (8 %) of hearing disorders  were related to hereditary causes (according to family history, not genetic analysis), while sixteen patients (13%)  were due to specific disease causing hearing disorder  such as  Post natal Cyanosis, Otites Media, Measles,  Meningitis and   Certain medicines ubuse. The rest 95 (79%) were suffering  from different causes (non specific ) might or  might not be related to the hearing disorder. ABR and Free Field results '' group (1)'':  This group consist 93 child (186 ears), 39 female, and 54 male with mean age of  3.3years. Since the result recorded by the FF test cannot be used to evaluate individual ear hearing level. Therefore the results indicated in table (1), for the FF test, represent the hearing loss level for both ears for each patient. The table demonstrate the degree of the hearing loss levels, the number of ears (No.) checked by the Free Field (FF) test, plus the Identical and non- Identical, in number and percentage of the hearing loss levels recorded by the ABR test relative to FF result.
ABR and Pure Tone Audimetry results'' group (2)'': The evaluation of the ABR results relative the standard Pure Tone Audimetry test (PTA),  was  preformed on 28 child (56 ears ). Their age range was   between  (3.5 – 9.5) years, 10 female, and 18 male. This total outcome hearing loss results, for group 2were summarized in table (2). The table represents the number of ears examined, plus the percentage of the similar and then one similar between ABR and the PTA results. Generally  the total results  showed that, in profound hearing loss assessment, the identical click ABR relative to the FF (group 1)  and PTA )group 2)  were 84%, and 100% respectively. But this percentage decreased, starting from the sever hearing loss to normal hearing, giving 57% for PTA results, and 31% for the FF tests results.
Table(1): Showed the percentage of  hearing loss level estimated from Brainstem  Response (ABR) results in  comparison with the identical and non identical Free Field test results  for 93 child (186 ears).

	
Degree  of hearing  loss
	
Free Field  (FF)

No. of           %

ears              
	ABR

	
	
	             Identical

No. of               %
ears                 
	                 non- Identical
No. of
ear                    %          Degree   

	No response   (NR)
	70                 38
	59 p                  84           
	11                    16           Normal

	Severe (S)
	22                  12
	4                       18
	16
              73           Profound

2                      9          Normal                        

	Moderate to Severe   (M –S)
	20
       10
	4                     20
	6                       30             P

9                       45            S

1                        5             M

	Moderate (M)
	22                   12

	6                      27 
	2                       9               P
7                      32              S
5                      23              M – S

1                     4.5            Mild

1                     4.5           Normal

	Mild
	10                     5
	3                      30
	3                      30                S                 
1                     10                M-S   

3                      30          Normal

	Normal

	26
14
	14                    54
	2                        8               P

2                         8              S

4                       15              M - S
3                       11              M
1                        4              Mild

	Un cooperative
	16                      9
	
	2                    12.5                 P  

1                      6                     S

5                    31                    M

2                    12.5             Mild
6                      3             Normal


Table(2):  Showed the percentage of  hearing loss level estimated from the pure tone audiometer test, plus the identical and the non - identical audiometry  brainstem  Response (ABR) results for 28 child (56 ears).

	
	Degree of   hearing loss


	Pure Tone Audiometer (PTA)

No. of

ear          %
	                             A  B  R

	
	
	
	Identical

No. of

ear          %
	Non - Identical

No. of

ear        %   degree

	1
	Profound(P)
	2              4
	2        100 
	—

	2
	Severe (S)
	14          25
	8           57
	5               36      p

1               7        M

	3
	Moderate to Sever(M – S)
	8             14
	4            50
	1               13      P

3               38       S

	4
	Moderate (M)
	8             14

	6           75
	1               12.5  S      
1              12.5M-S

	5
	Mild
	7             13
	2           29
	1              14   M-S  3              43    M 
1               14 Normal

	6
	Normal
	17          30
	11        65
	2                  12M-S         
3                  18   M

1   5   Mild


Discussion:
The ﬁrst step in hearing loss treatment  is to determine the type, degree  and  configuration of hearing  loss.Most cases of this study where suffering from sensori -neural hearing loss.The non- identical results for the ABR  relative to FF tests, and for the most categories  of hearing impairments,  varied from Profound to normal, table (1). This scattered results was reduced, when  ABR to PTA was evaluated. The behavioral audiometry is an unreliable testing specially  in very young,  hyperactive, autistic or mentally  retarded patients (1,11,12). Therefore assessing the true hearing threshold becomes difficult.  Since those patients cannot understand and    share subjective tests. 
The variable results, from the  ABR threshold in comparison to the FF and PTA thresholds may be due to the different forms of stimulus used in these tests, and may be of response(13). Furthermore the 
FF test is highly dependent on the examiner judgment according to the children behavior response. While The ABR is highly dependent on neural synchrony.  Stapells, and Oates reported that any abnormal or absence in neurological pathway disrupt neural  synchrony, even when the behavioral audiogram is normal (14).The agreement between the ABR  and the PTA threshold  significant or not (57%), this may be contributed to the older children average age in this group. Cornacchia  et al. reported  that77% of the ABR results were  in agreement with PTA in group of reliable audiograms, and 34% in group without reliable audiograms (15). But several authors indicated that there is a relative a agreement between pure tones, and ABR thresholds in frequency band of 2 to 4 kHz (9, 16, 17). The non – identical results revealed that the ABR thresholds were  over estimated the PTA thresholds. Tenorio et al. (18) demonstrate over estimated result by (10 -15 dB) in normal adults. But Stapells   et al. (19) reported that ABR thresholds over estimated PTA thresholds in normal or near normal hearing, and under estimated in ear with hearing loss. we think that the absolute values  of those differences vary among the equipment and the clinical approach.They postulated that ABR thresholds over - estimated  PTA thresholds in normal or near-normal hearing , and under- estimated in ear with hearing loss. Some authors postulated that there were difficulties to differentiate between severe and  profound hearing loss using click ABR test (6, 20). But in this work, and within the severe PTA results, the click ABR results demonstrated a percentage of  57%  in severe, 36%  in profound and 7% moderate   hearing loss level. These results reveal that it was possible to discriminate between profound and severe hearing threshold using the click ABR.   
Conclusions:
The relation between the behavioral and the ABR method is too variable. This may be due to the  limitation of the click ABR, which does not provide frequency-specific information, especially below 1000 Hz. But still other reasons make the click  ABR test is appropriate for any patient of any age who cannot cooperative during the behavioral test methods. Furthermore the ABR can assist in determining whether auditory neuropathy exists. 
ABR measurements are recorded when patients is sedated (does not represent conscious behavioral hearing). This facilitates testing and hearing permit  replication results, which can provide accurate estimates of threshold sensitivity. Finally, ABR test could be considered as an objective test in profound hearing loss. But in moderate –sever, moderate, mild hearing loss, it depended on the examiner opinion .
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