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Objective: The objective is to develop methods to utilize newborn reflec-
tance measures for the identification of middle-ear transient conditions 
(e.g., middle-ear fluid) during the newborn period and ultimately dur-
ing the first few months of life. Transient middle-ear conditions are a 
suspected source of failure to pass a newborn hearing screening. The 
ability to identify a conductive loss during the screening procedure could 
enable the referred ear to be either (1) cleared of a middle-ear condition 
and recommended for more extensive hearing assessment as soon as 
possible, or (2) suspected of a transient middle-ear condition, and if 
desired, be rescreened before more extensive hearing assessment.

Design: Reflectance measurements are reported from full-term, healthy, 
newborn babies in which one ear referred and one ear passed an initial 
auditory brainstem response newborn hearing screening and a subse-
quent distortion product otoacoustic emission screening on the same 
day. These same subjects returned for a detailed follow-up evaluation at 
age 1 month (range 14 to 35 days). In total, measurements were made 
on 30 subjects who had a unilateral refer near birth (during their first  
2 days of life) and bilateral normal hearing at follow-up (about 1 month 
old). Three specific comparisons were made: (1) Association of ear’s 
state with power reflectance near birth (referred versus passed ear), (2) 
Changes in power reflectance of normal ears between newborn and 1 
month old (maturation effects), and (3) Association of ear’s newborn 
state (referred versus passed) with ear’s power reflectance at 1 month. 
In addition to these measurements, a set of preliminary data selection 
criteria were developed to ensure that analyzed data were not corrupted 
by acoustic leaks and other measurement problems.

Results: Within 2 days of birth, the power reflectance measured in 
newborn ears with transient middle-ear conditions (referred newborn 
hearing screening and passed hearing assessment at age 1 month) was 
significantly greater than power reflectance on newborn ears that passed 
the newborn hearing screening across all frequencies (500 to 6000 Hz). 
Changes in power reflectance in normal ears from newborn to 1 month 
appear in approximately the 2000 to 5000 Hz range but are not present 
at other frequencies. The power reflectance at age 1 month does not 
depend significantly on the ear’s state near birth (refer or pass hearing 
screening) for frequencies above 700 Hz; there might be small differ-
ences at lower frequencies.

Conclusions: Power reflectance measurements are significantly differ-
ent for ears that pass newborn hearing screening and ears that refer with 
middle-ear transient conditions. At age 1 month, about 90% of ears that 
referred at birth passed an auditory brainstem response hearing evalu-
ation; within these ears the power reflectance at 1 month did not differ 
between the ear that initially referred at birth and the ear that passed 
the hearing screening at birth for frequencies above 700 Hz. This study 
also proposes a preliminary set of criteria for determining when reflec-
tance measures on young babies are corrupted by acoustic leaks, probes 
against the ear canal, or other measurement problems. Specifically pro-
posed are “data selection criteria” that depend on the power reflectance, 

impedance magnitude, and impedance angle. Additional data collected in 
the future are needed to improve and test these proposed criteria.

Key words: Immittance, Middle ear, Newborn hearing screening, Otitis 
media, Reflectance.
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Fig. 1. Power reflectance (left), impedance magnitude (center), and impedance angle (right). Upper Data from Merchant et al. (2010) from 15 newborn (3–5 
days) ears (black lines) and 19 month-old (28–34 days) ears (gray lines). Lower Model predictions for an entirely fluid-filled ear, based on rigid termination of 
the ear canal and values described in the text.
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Data Analysis
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Association of ear’s state with power reflectance at birth
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Age comparison: Changes in power reflectance of nor-
mal ears between newborn and 1 month old:
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Association of ear’s newborn state with ear’s power reflec-
tance at 1 month:

Statistical Analysis
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TABLE 1. DSC categorized by measurement type and ear status

Measure Ear Status DSC

Reflectance Normal ears Decreases systematically as frequency increases for some frequency range within about 
500–2000 Hz

Impedance magnitude Referred ears Less than 109  mks below 1 kHz
Normal ears Less than 5 108×  mks below 1 kHz

Impedance angle All ears Bounded between −0.25 and 0 cycles over the majority of low frequencies (i.e., below 1 kHz)
Normal ears Relatively flat or gradually increasing with frequency below 1 kHz

All measures All ears Do not rapidly change with frequency
All ears If two channels are similar and both channels meet the above DSC, then choose channel 2
All ears If two channels differ and one channel meets the above DSC, then use that channel
All ears If two channels differ and both channels meet the above DSC, then reject the measurement

“All ears” refer to both normal and referred ears.
DSC, data selection criteria.
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Fig. 2. Examples to illustrate the application of the data selection criteria from Table 1. Data from 4 subjects are presented, specifically, power reflectance 
(upper plots), impedance magnitude (middle plots), and impedance angle (lower plots). Left All 8 measurements from subject 39 meet the DSC and are similar 
on both channels. Thus all of this data is accepted and channel 2 is used for further analysis. Left-middle The measurements from the left ear of subject 7 within 
2 days of birth meet the DSC on only channel 2 and not channel 1; thus, data on channel 2 is used for further analysis. This left ear passed its newborn hearing 
screening. It is hypothesized that measurements such as the one on channel 1 here might be affected by an acoustic leak since the impedance magnitude is 
relatively low, consistent with a large volume, and the measure itself appears affected by noise. Middle-right The DSC were not met for either channel from 
subject 29’s right ear at follow-up; on both channels, the impedance magnitudes were larger than the required range for a normal ear. This ear passed an 
ABR hearing test. It is hypothesized that the probe tip was up against the ear canal in cases such as this, resulting in measuring the response of a volume of 
air instead of the eardrum. Right Measurements from subject 25 at birth from the left ear, which referred. Both channels meet the DSC, but the measurements 
differ on the two channels; as a result, these data are rejected. DSC indicates data selection criteria.
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Fig. 3. Power reflectance and impedance magnitude and angle measured near birth on 15 subjects in which 1 ear passed and 1 ear referred on the newborn 
hearing screening. For each subject, the left column is the power reflectance, the middle column is the impedance magnitude, and the right column is the 
impedance angle. Solid black lines are measurements made near birth on the ear that passed the newborn hearing screening, and measurements in the dashed 
gray lines are those made on the ear that referred at the newborn hearing screening.
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Association of Ear’s Newborn State With Ear’s Power 
Reflectance at 1 Month
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DISCUSSION

Data Selection Criteria

Fig. 4. Power reflectance comparisons between ears that passed and referred at the newborn screening. Solid lines are means and shaded regions include 
the 25% to 75% range for the data. Left Effect of ear’s state near birth (refer vs. pass) on power reflectance near birth. Left-upper Power reflectance measured 
near birth on the ear that referred (cyan) and the ear that passed (pink). Left-lower Mean difference between the ears that referred and passed (black) and the 
corresponding 95% confidence interval (shaded orange) for the difference (p < 0.05). Middle Effect of age (birth or 1 month) on ears that passed near birth. 
Middle-upper Power reflectance measured near birth (pink) and at 1 month (green) on ears that passed hearing screening at both birth and 1 month. Middle-
lower Mean difference between the power reflectance near birth and 1 month (black) and the corresponding 95% confidence interval, which is shaded orange 
at frequencies where it does not include zero and hashed when it includes zero. Right Effect of ear’s state near birth (refer vs. pass) on power reflectance at 
1 month. Right-upper Power reflectance measured at 1 month on the ear that referred near birth (cyan) and the ear that passed near birth (pink). Right-lower 
Mean difference between the power reflectance at 1 month on the ear that had referred near birth and passed near birth (black) and corresponding 95% con-
fidence interval, which is shaded orange at frequencies where it does not include zero and hashed when it includes zero.
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Fig. 5. Power reflectance and impedance magnitude and angle measured near birth and again near age 1 month on 19 subjects for the ear that passed hearing 
screening at both ages. For each subject, the left column is the power reflectance, the middle column is the impedance magnitude, and the right column is the 
impedance angle. Solid lines are measurements made near birth and dashed lines are those made near 1 month old.
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Fig. 6. Power reflectance and impedance magnitude and angle measured at 1 month old on 17 subjects with both ears passing a hearing screening at 1 month; 
solid lines are measurements on the ear that passed a hearing screening near birth, and dashed lines are measurements made on the ear that referred at the 
newborn hearing screening. At 1 month, both ears passed a full hearing evaluation. For each subject, the left column is the power reflectance, the middle 
column is the impedance magnitude, and the right column is the impedance angle.
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Fig. 7. Power reflectance comparisons between the study reported here (present study) and comparable studies reported in the literature. Scanning left-to-right 
one can compare reflectance measurements from ears that referred at birth (left) to ears that passed at birth (right solid lines) to normal hearing ears at 1 month 
(right dashed lines). Left Power reflectance measurements made on newborn ears that referred at birth and are assumed to have conductive loss. Reflectances 
measured by Hunter et al. (2010) and Sanford et al. (2009) were from ears that referred on DPOAE screenings, whereas those from Aithal et al. (2015) referred 
on ABR, DPOAE, and TEOAE screenings. The “present study” measurements are from ears that referred at birth on both ABR and DPOAE screenings and are 
the only dataset that was confirmed to have normal hearing at 1 month and thus confirmed to have conductive loss at birth. Measurements by Hunter et al. 
and the present study were made with the Mimosa system and measurements by Sanford et al. and Aithal et al. were made by similar systems that are now 
marketed by Interacoustics. Right Power reflectance measurements made on newborn, 1-week, and 1-month-old ears that were assumed to have normal 
hearing at the time of measurement. Specifically, DPOAE screenings were passed for measurements made on ears by Aithal et al. (2015, 2014), Hunter et al., 
Merchant et al. (2010), Sanford et al., Sanford and Feeney (2008), and the present study. In addition, ABR measurements demonstrated normal hearing in the 
ears reported as normal by the present study and Aithal et al. The data from “this study” shows the power reflectance from the same set of ears at birth and  
1 month; thus they are both plotted in red. All other data at the two ages are from different populations. ABR indicates auditory brainstem response; DPOAE, 
distortion product otoacoustic emission.
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