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USAFSAM Aeromedical Consultation Service Medical 
Risk Assessment and Airworthiness Matrix
Ryan s. Mayes; christopher J. Keirns; amy G. hicks; luke D. Menner; Maximilian s. lee; Joseph h. Wagner;  
Robert l. Baltzer

 INTRODUCTION: the 1% rule has long been a standard threshold for aerospace medical risk acceptance, but medical literature has noted 
multiple shortcomings with this threshold. Previous studies have suggested a risk matrix approach in aeromedical 
decision-making. General use of risk matrices for risk assessment is already codified in the U.s. air Force (UsaF). Based 
on this, the UsaF school of aerospace Medicine (UsaFsaM) aeromedical consultation service (acs) generated and 
evaluated the acs Medical Risk assessment and airworthiness Matrix (aMRaaM).

 METHODS: the acs adapted existing UsaF standards to build the aMRaaM, gathered expert feedback, and sampled 100 
previously adjudicated cases to compare legacy case dispositions to aMRaaM dispositions using polychoric correlation.

 RESULTS: the aMRaaM disposition showed strong agreement with legacy dispositions (ρ* = 0.9424). One case was discarded as 
it did not meet inclusion criteria. Of the 99 remaining cases, 88 had perfect agreement between legacy and aMRaaM 
dispositions. With the aMRaaM, eight cases were less restrictive and three were more restrictive (two due to an 
erroneous omission in the legacy disposition).

 DISCUSSION: the aMRaaM produces disposition recommendations that are highly consistent with the legacy approach informed 
by the 1% rule, with discordant aMRaaM dispositions tending to be more permissive. the UsaFsaM aMRaaM allows a 
more dimensional risk evaluation than the 1% rule, communicates aeromedical risk consistent with nonmedical UsaF 
organizations, and harmonizes aeromedical risk with the level of risk the UsaF has defined for all flying systems. the acs 
will use the aMRaaM as standard practice in future aeromedical risk assessments.
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The 1% rule has long been a standard threshold for aero-
space medical risk acceptance. The theoretical frame-
work for the 1% rule began in British and European 

cardiology workshops in the 1980s15,16 and subsequently has 
become the most widely accepted standard for aeromedical risk 
tolerance.1,2,10 The 1% rule is the threshold of choice for the 
International Civil Aviation Organization;7 while the U.S. Fed-
eral Aviation Administration does not explicitly refer to the 1% 
rule in its guidelines, it is generally concordant with interna-
tional standards in defining high risk.4 The 1% rule was devel-
oped for civilian aviation and targeted an all-cause fatal mishap 
rate of no more than 0.1 per million flight hours; the context for 
the calculations was dual-piloted commercial operations. The 
developers estimated that crew failures should account for no 
more than 10% of all fatal mishaps, and that no more than 10% 

of these crew failures should be due to underlying medical con-
ditions causing incapacitation. It was further estimated that 1 in 
1000 such incapacitations would occur in a situation in which 
the second pilot would be unable to recover the aircraft; this 
came from an estimation that only 10% of the average 1-h flight 
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time (in the early 1980s) would be considered critical, and that 
only one out of every 100 events would occur in conditions 
where the other pilot was unable to take control. Given these 
considerations, the developers calculated that an acceptable risk 
of medical incapacitation was one incapacitation per million 
flight hours. To annualize the risk, they further assumed 
10,000 h/yr (simplified from 8760 h/yr); 1,000,000 h divided by 
10,000 h/yr yielded an incapacitation rate of 1 in 100 per year, or 
1%.2,15,16 This simple rule of thumb provided a relatable refer-
ence point when making aeromedical decisions.

Despite its widespread use, the 1% rule is not without con-
troversy. Mitchell and Evans noted that the 1% rule only 
accounted for total incapacitation, while most pilot incapacita-
tions came from noncardiovascular causes and would not nec-
essarily cause complete incapacitation.10 Mitchell and Evans 
also advocated for a recalculation of the 1% rule accounting for 
an average flight time of 2 h, reasoning that longer flights would 
have a lower proportion of critical phases than was originally 
calculated. Finally, Mitchell and Evans observed that acceptable 
engine failure risk in twin-engine aircraft was approximately 
5.8% per year, which was higher than the acceptable levels of 
aircrew incapacitation. Evans notes that, while the 1% rule pro-
vides a useful objective standard, there are many potential con-
cerns with its use; for example, that cardiovascular mortality 
rates do not necessarily correspond with incapacitation rates, 
that cardiovascular incapacitation is not only caused by heart 
attacks, and that incapacitation does not occur due to cardio-
vascular disease alone.3 Multiple manuscripts argue that age 
should be incorporated into aeromedical risk evaluation;2,4,10 
this is especially the case as cardiovascular risk is closely associ-
ated with age11 (as was acknowledged by the developers of the 
1% rule in their 1988 paper15). Given these concerns with the 
1% rule, Evans argues that it may be too restrictive.2,3 Despite 
noted issues with the 1% rule, it remains a commonly cited 
threshold in aeromedical risk assessment for cardiac and non-
cardiac conditions causing incapacitation, including within the 
U.S. Air Force (USAF).

The USAF School of Aerospace Medicine (USAFSAM) is 
the USAF organization focused on education, operational con-
sultation, and research in aerospace and operational medicine. 
Established in 1918, USAFSAM is one of the oldest and largest 
continually operating military flight medicine centers of exper-
tise in the world. The Aeromedical Consultation Service (ACS) 
within USAFSAM has provided expert aeromedical consulta-
tion to the USAF since the 1950 s. The ACS evaluates USAF 
aircrew with medical conditions that disqualify them from 
their duties; these aircrew require waivers to continue flying 
duties. The ACS analyzes these waiver requests and produces 
over 2000 individualized aeromedical risk assessments per year 
through in-house expertise in aerospace medicine and other 
specialties. These risk assessments are used by USAF decision 
authorities in waiver disposition.

The ACS has used the 1% rule as a basis for aeromedical 
disposition recommendations for incapacitating medical events 
since the aeromedical community embraced this threshold,  
but has also recognized that the 1% rule was insufficient to 

determine risk for non-incapacitating medical events and may 
not accurately reflect the risk tolerance of the USAF operational 
community (the Line of the Air Force, or LAF). In 2017 and 
2018, the USAF sought to increase the pool of medically quali-
fied USAF pilot applicants for an expanded training pipeline, 
resulting in increased scrutiny of all medically disqualified 
applicants. This renewed interest within the ACS to formalize 
quantitative risk thresholds that went beyond the 1% rule, as 
well as a desire to improve the quality of communication and 
clarify the rationale for aeromedical disposition recommenda-
tions to the LAF. The ACS was aware of previous publications 
using risk matrices to conceptualize aeromedical risk,5,6 and 
identified a risk matrix tool as the most viable solution to stan-
dardize a quantitative threshold and improve communication. 
The LAF already uses a risk matrix approach to assess risk in 
other domains, prompting the ACS to begin development of an 
aeromedical risk matrix in early 2020.

The LAF use of a risk matrix approach to assess risk is driven 
by policy. Air Force Instruction (AFI) 90-802 directs the use of 
risk management principles across the USAF and defines pro-
cedural steps in generating an overall risk assessment.18 Separate 
assessments of hazard probability and severity are foundational 
to the formation of a risk matrix. Risk matrices are further 
defined in Air Force Pamphlet (AFPAM) 90-803; Fig. 1 pro-
vides a sample risk matrix from that publication.19

USAF Airworthiness Bulletin (AWB) 150B echoes the 
approach of separately identifying severity and probability, and 
using a risk matrix to determine an overall risk level.17 AWB-150B 
establishes specific definitions for four severity categories and six 
probability ranges (though one probability category is zero, 
through elimination of risk), and integrates them into four over-
all risk levels using a risk matrix (Fig. 2): high, serious, medium, 
and low. AWB-150B enacts AFI 62-601, which defines airwor-
thiness as the “property of an air system configuration to safely 
attain, sustain, and terminate flight.”21 Taken together, AFI 
62-601 and AWB-150B effectively establish risk criteria for air 
systems and components of those systems. In turn, AFI 62-601 
provides direction based on policy established by Air Force 
Policy Document 62-6, which specifies that the purpose of air-
worthiness is to provide USAF personnel an appropriate level of 
safety of flight, establishing a linkage between weapons systems 
and their operators.22 The recently updated version of AFPAM 
90-803 continues this line of reasoning, stating “To apply the sys-
tematic [risk management] process, the composition of hard-
ware, procedures, and people that accomplish the mission or 
produce mishaps, should be viewed as a system.”20

The need for more granular risk assessments is not novel in 
aerospace medicine. As noted above, multiple authors have 
advocated for updates or modifications to the 1% rule. The con-
cept of risk as the product of the likelihood and severity of an 
adverse aeromedical event has precedent as well.8,13 Prudhomme 
et al. used this construct to evaluate the overall risk of multiple 
pharmaceuticals, but noted challenges with identifying a level 
of acceptable risk.13 Gray, Sargsyan, and Davis proposed a risk 
matrix approach for establishing acceptable clinical risk levels 
for long duration space missions in 2010.6 This is the earliest 
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example of a published aeromedical risk matrix found by a 
comprehensive literature review, and did include levels of 
acceptable risk. The authors found that the risk matrix approach 
promoted evidence-based decision making and was broadly 
applicable.6 This approach was extended by Gray et al. in the 
development of three-dimensional risk matrices to assess aero-
medical risk.5 As with the 1% rule, these matrices were based 
on a cardiology working group, and incorporated likelihood 
and severity, with the third dimension being crew position. 
This three-dimensional approach helped inform the present 
study. USAFSAM developed and tested the Aeromedical 
Consultation Service Medical Risk Assessment and Airwor-
thiness Matrix (AMRAAM) to address the limitations of the 

1% rule, to align aeromedical risk analyses with USAF guid-
ance, and to better communicate aeromedical risk to the USAF 
operational community. The similarity in name to the missile 
platform is deliberate and reflects the operational relevance 
upon which the matrix was built.

METHODS

Development of the USAFSAM AMRAAM
The USAFSAM ACS had previously identified a need to better 
communicate aeromedical risk, as well as a need to determine 
whether aeromedical risk thresholds were appropriate and 

Fig. 1. Sample risk assessment matrix from AFPAM 90-803.19

Fig. 2. U.S. Air Force (USAF) airworthiness risk assessment matrix.21 The USAF Airworthiness Bulletin defines specific probability/frequency levels, as well as descrip-
tions for each of four severity categories. The product of probability/frequency yields a risk; these risks are grouped into one of four risk assessment codes (RACs).
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consistent with broader USAF risk acceptance. The use of risk 
matrices offered a solution to both issues. In order to commu-
nicate effectively and to clearly connect to existing USAF risk 
acceptance thresholds, the USAFSAM AMRAAM was derived 
directly from AWB-150B, which establishes levels of acceptable 
risk for air systems. Because Air Force Policy Document 62-6 
explicitly links system safety to human safety, the AWB defini-
tions were chosen to ensure that aeromedical risk was aligned 
to existing USAF risk acceptance thresholds. As with the 1% 
rule, this approach harmonizes aeromedical risk to a nonmedi-
cal threshold. Unlike the 1% rule, however, the AMRAAM har-
monizes aeromedical risk to an existing and accepted standard.

The AMRAAM began with “probability” by examining and 
translating the definitions found in the AWB. Of note, even 
though the AFPAM and AWB-150B use the term “probability,” 
the AMRAAM uses the term “likelihood” to express the pro-
jected chance of a medical event. While the terms confidence, 
likelihood, and probability are often used interchangeably on 
an informal basis, the term likelihood is preferred in the 
AMRAAM as it is more technically accurate—likelihood con-
nects both known and uncertain data.14 This terminology is 
consistent with Gray et al.5 The AMRAAM uses the same five 
likelihood categories and titles provided by the AWB (frequent, 
probable, occasional, remote, and improbable). However, these 
definitions required adjustments in order to better reflect like-
lihood data commonly reported in medical literature; while 
the AWB expresses likelihood in terms of flight hours or 
 sorties, most medical literature provides denominators in years 
or person-years. To bridge this gap, the ACS calculated equiva-
lent likelihoods for each category by annualizing the risk 
thresholds defined by the AWB. For instance, an “occasional”  
event would occur once every 10,000 (104) to 100,000 (105) h.  
Over the course of a calendar year, the likelihood of one event 
occurring within these defined parameters would range from 
8.39 to 58.38% using the following calculations:
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In general, the AMRAAM rounds up, which accepts slightly 
more risk than is represented in the AWB; the AMRAAM 
defines the likelihood of a single occurrence per year for the 
“occasional” category as 10–60%. The AMRAAM also displays 
these annualized likelihoods in equivalent 5- and 10-yr time-
frames in order to assist in translation between medical litera-
ture and the AMRAAM.

The severity categories from the AWB (catastrophic, critical, 
marginal, negligible) were also carried forward into the 
AMRAAM. The definitions for each category were informed by 
AWB-150B, AFPAM 90-803, and AFI 90-802. This allowed the 
severity categories to account for mission impact, flying safety, 
crew position, specific airframe, and aircrew health, while still 
corresponding to the AWB framework.

The development process resulted in a completed draft ver-
sion of the AMRAAM; this approach allows providers to assess 
the likelihood of an aeromedical event of concern by selecting 
the appropriate column and to assess the impact to mission, 
flight safety, and aircrew health by selecting the appropriate 
row. This provides a specific risk score and risk assessment 
level, which corresponds directly to the AWB.

This initial version of the AMRAAM appeared to be an 
effective communication tool and a framework in conceptual-
izing baseline and mitigated risk. To evaluate both of these 
aspects, the study team proceeded to gather subject matter 
expert inputs on the AMRAAM.

Qualitative Assessment of the USAFSAM AMRAAM
The initial draft of the AMRAAM was used by ACS flight sur-
geons in a tabletop simulated review of 50 ACS cases. This exer-
cise established the feasibility of the risk matrix approach and 
potential applicability of an airworthiness standard for USAF 
aeromedical risk assessment.

Draft versions of the AMRAAM were iteratively reviewed 
with experienced flight surgeons and senior aerospace medi-
cine specialists across the USAF, which resulted in refinements 
to the presentation of likelihood and severity, as well as to the 
instructions for use. The draft was also reviewed with LAF 
members of the Air Force Safety Center to gather inputs on 
whether the AMRAAM was consistent with flight safety prac-
tices. Based on inputs from these subject matter experts, the 
study team produced “Version 1.0” of the AMRAAM (Fig. 3). 
Version 1.0 was used in the next phase of the study—an initial 
statistical validation of the AMRAAM.

Statistical Assessment of the USAFSAM AMRAAM
Subjects. No new data were collected for this study. Subjects 
consisted of 100 randomly selected cases evaluated by the ACS 
from 1 January 2019 through 31 December 2019; this time 
period was selected because it occurred prior to development of 
the AMRAAM while still aligning with current USAF aeromed-
ical policy. Because the ACS performs both in-person evalua-
tions and conducts remote reviews, the 100 total cases included 
50 of each category. The test statistic was polychoric correlation, 
but a sample size calculation for this statistic was not available. 
However, a sample size calculation for a one-sample correlation 
test suggested that N = 100 would be sufficient to detect a mini-
mum difference in correlation of approximately 0.27 or less (this 
minimum difference decreases as the a priori correlation 
increases). Because it was anticipated that there would be rela-
tively high correlation between legacy and AMRAAM disposi-
tions (0.6 or higher), a sample size of 100 was anticipated to be 
sufficient with alpha = 0.05 and a power of 0.80.

Inclusion criteria specified cases would be Flying Class II 
(manned aircraft) pilots, each case had previously been reviewed 
by the ACS, and each case had a completed disposition recom-
mendation, with one of four possibilities: medically qualified, 
unrestricted waiver, restricted waiver, or disqualified. Remotely 
piloted aircraft pilots, navigators, and flight surgeons were 
excluded from the study. In addition, cases were excluded if the 
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case was returned to a requesting entity to collect more informa-
tion, the recommendation was to continue a temporary “Duties 
Not Including Flying” status, or if the disposition did not have a 
final recommendation. The Air Force Research Laboratory 
Institutional Review Board determined this project did not meet 
the regulatory definition of human subject research, docu-
mented as protocol FWR20210154N, 9 June 2021.

Procedure. One member of the investigatory team was responsi-
ble for reviewing and sanitizing those cases meeting inclusion 
criteria by removing any individual identifiers; this member did 
not participate in case reviews for the validation portion of the 
study. Per the inclusion criteria, each case already had an exist-
ing disposition recommendation which was considered the 
“legacy” recommendation for the study. Each de-identified case 
was evaluated using the AMRAAM by at least one physician 
within the specialty appropriate for the case; specialties included 
cardiology, internal medicine, neurology, ophthalmology, psy-
chiatry, pulmonology, and sleep medicine. In order to replicate 
the administrative process by which the legacy recommenda-
tions were generated, cases that were originally seen in person 
were presented and discussed in a case conference led by an 
aerospace medicine specialist to determine a disposition recom-
mendation for each case. This conference included participation 
from all specialties. Cases that were initially record reviews were 
reviewed by the relevant specialty or specialties, followed by a 
meeting with at least one aerospace medicine specialist to deter-
mine the disposition recommendations. These processes mir-
rored the deliberative case workflows used by the ACS.

For each case, the clinical specialists were instructed to iden-
tify all aeromedical events of concern and separately select the 
corresponding likelihood category and severity category for 
each aeromedical event. The combination of likelihood and 
severity identified one specific cell in the AMRAAM per aero-
medical event, generating a risk score as shown in Fig. 3. Each 
specialist provided their individual scores in a review with aero-
medical and operational specialists. Through a collaborative 
process, a consensus risk score was assigned for each aeromed-
ical event; the highest of these scores was used to determine the 
risk assessment level designated in the AMRAAM (low, 
medium, serious, or high).

The next step was determined by the risk assessment level. If 
that level was low or medium, no occupational restrictions or 
other mitigation measures were needed to attain risk accept-
ability. If the initial risk assessment level was serious or high, 
this prompted the reviewers to consider occupational restric-
tions or other mitigation measures to either reduce the likeli-
hood category, severity category, or both. If mitigation strategies 
were appropriate, a new risk score accounting for these mitiga-
tions was calculated to determine the targeted risk assessment 
level. This level was used to inform overall risk acceptability 
and the final aeromedical disposition recommendation for the 
case. The possible disposition recommendations mirrored 
those from the legacy approach: medically qualified, unre-
stricted waiver, restricted waiver with specified limitations, or 
disqualified. The AMRAAM disposition recommendation was 

determined solely for the purpose of evaluating the AMRAAM 
and was not shared with entities external to the ACS.

Once each case received an AMRAAM disposition, the 
results were collated to produce a comparison of the legacy rec-
ommendation to the AMRAAM recommendation. ACS pro-
viders then discussed any discrepancies between legacy and 
AMRAAM recommendations to identify potential reasons for 
differing dispositions.

Statistical analysis. The design of the initial validation study 
provided a direct comparison of the legacy vs. AMRAAM dis-
position recommendation: each case received a disposition of 
medically qualified, unrestricted waiver, restricted waiver, or 
disqualified. These dispositions are categorical and are ordinal 
(listed from least restrictive to most restrictive). The AMRAAM 
case review process was designed to mirror the process used for 
virtual and in-person case reviews; if the legacy and AMRAAM 
processes led to similar dispositions, it could be assumed that 
the AMRAAM did not substantially impact the overall assess-
ment. Conversely, a lack of association between legacy and 
AMRAAM dispositions would mean that the two processes 
yielded different results based on the same data, which may 
have implications for the validity of one or both processes. 
Because it was expected that the legacy and AMRAAM disposi-
tions would be related, and because the outcomes for both were 
ordinal, polychoric correlation was selected. Polychoric correla-
tion is a technique for estimating the correlation between two 
observed ordinal variables. The correlation coefficient is repre-
sented as ρ*, ranges from 0 to 1, and is interpreted in the same 
way that a Pearson’s correlation coefficient would be, with 0 
indicating no relationship between variables and 1 representing 
a perfect correlation.12 Under this test, the null hypothesis is 
that there is no relationship between the legacy and AMRAAM 
dispositions.

RESULTS

As discussed in the Methods section, the qualitative analysis of 
the AMRAAM resulted in the final product shown in Fig. 3. 
After the sample of 100 cases was generated and analysis began, 
one case was excluded because it did not meet inclusion crite-
ria; specifically, it did not have a final disposition recommenda-
tion. This left 99 cases that met all inclusion criteria. Case 
disposition recommendations from the AMRAAM vs. legacy 
recommendations are shown in Fig. 4. The AMRAAM disposi-
tion showed strong agreement with legacy dispositions, with  
ρ* = 0.9424 (P ≪ 0.0001). This association is highly statistically 
significant and indicates that the AMRAAM produces results 
that are strongly correlated with the legacy process; this level of 
correlation is regarded as “almost perfect” correlation.9 Of note, 
this analysis included two cases that had different outcomes due 
to a change in aeromedical policy; had those cases been omitted 
the correlation coefficient would be even higher.

Of the 99 cases, 90 had the same overall disposition recom-
mendation from the legacy and AMRAAM process and 88 had 
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exactly the same disposition; 2 cases had restricted waivers with 
both processes but had differing restrictions. Of the 11 total 
cases with some difference (either a different disposition or 
waivers with different restrictions), there was a clear tendency 
for the AMRAAM to be less restrictive than the legacy process 
(with 8 of 11 cases being less restrictive). Only three cases had a 
more restrictive disposition from the AMRAAM compared to 
the legacy process. Two of these cases reflected an erroneous 
omission in the legacy disposition; in each case the legacy pro-
cess should have included an additional restriction. Neither of 
these dispositions affected flight safety during the period of the 
waiver but should have contained additional restrictions to pre-
vent operational risk over the course of the aviator’s career.

Of the 11 total cases with some difference (either different 
disposition or different restrictions), 8 had a less restrictive dis-
position from the AMRAAM compared to the legacy process. 
Two of these eight reflected a standards change—a less restric-
tive standard at the time of the AMRAAM study led to a quali-
fied disposition, rather than the legacy unrestricted waiver 
disposition (which was appropriate in 2019). One of the eight 
was an AMRAAM restricted waiver with fewer restrictions 
than the legacy restricted waiver. The remaining five were cases 
in which the AMRAAM process resulted in unrestricted waiv-
ers rather than restricted waivers under the legacy process. One 
case would have resulted in an immediate operational impact 
for the current airframe. In five cases, the less restrictive 
AMRAAM recommendation expanded future career opportu-
nities in other airframes that would not have been permitted 
under the legacy recommendation.

In total, only two cases where the AMRAAM and legacy  
recommendations differed would have made an immediate dif-
ference in the ability of a pilot to fly their current platform. 
One case where the AMRAAM yielded a less restrictive result 

would have allowed a fighter pilot to continue to fly in a high- 
performance airframe. A second case where the AMRAAM was 
more restrictive would have kept a nonhigh performance pilot 
out of the aircraft for another 1-2 mo to  initiate therapy and 
monitor efficacy prior to waiver reconsideration. Additionally, 
the AMRAAM identified two recom mendations in the legacy 
model which appear to have contained an erroneous omission; 
both omissions resulted in the legacy recommendation being an 
unrestricted waiver. The AMRAAM recommendations for both 
of these cases were more restrictive but were more consistent 
with aeromedical policy.

DISCUSSION

Construct and Application of the USAFSAM AMRAAM
The AMRAAM was developed to address the limitations of the 
1% rule, to align aeromedical risk thresholds with USAF guid-
ance, and to more effectively communicate aeromedical risk 
between USAF aeromedical and operational communities. 
There are at least two critical components that facilitate this 
improved communication: 1) alignment with risk assessment 
standards and practices already in use across the USAF; and 2) 
the ability to decompose risk into two dimensions (severity and 
likelihood). This added dimensionality in risk assessment allows 
aerospace medicine to be less of a “black box” when medical 
professionals communicate the reasoning for a risk determina-
tion to nonproviders. For comparison, the 1% rule is restricted 
to 1 of the 20 cells (cell 12) in the AMRAAM; the AMRAAM 
provides a much more detailed and dimensional analysis.

The dimensions specified in the AMRAAM provide an 
additional benefit. In complicated cases where multiple condi-
tions require analysis, the AMRAAM supports a systematic 
approach to assessing likelihood and severity for each event of 
aeromedical concern, both before and after mitigating strate-
gies are applied. This facilitates a cogent risk assessment that 
highlights the most important aeromedical aspects of these 
complex cases and the primary mitigating measures needed to 
reduce risk. Finally, the construct of the AMRAAM annualizes 
likelihood per flight hour, eliminating any need to factor total 
flight hours into the AMRAAM analysis.

In their 2019 paper, Gray et al. advocated for the use of risk 
matrices with a third dimension for occupational (aircrew) 
duty.5 Development of the AMRAAM began with a similar con-
cept. However, rather than developing separate matrices for dif-
ferent occupational roles, the AMRAAM incorporates the “third 
dimension” of aircrew position into the assessment of the sever-
ity of aeromedical events. This eliminates the need for separate 
matrices because the contribution of aircrew position is factored 
into the overall risk assessment through severity. For example, 
an aeromedical condition such as defective stereopsis may be 
high risk for a single-seat pilot, since the likelihood would be 
frequent and the severity would be critical or catastrophic. 
However, the overall risk can be reduced by a change in pilot 
duty such as flying a remotely piloted aircraft; this would not 
change the likelihood of occurrence but would reduce the 

Fig. 4. Legacy disposition recommendation vs. AMRAAM disposition 
recommendation. The diagonal cells from top left to bottom right are 
concordant (white boxes), where the AMRAAM and legacy dispositions were 
the same. The AMRAAM disposition was more restrictive for cells above this 
diagonal line (medium gray), and less restrictive for cells below the line (light 
gray). Percentages are expressed as the cell number divided by the total 
legacy dispositions for a given row. *Both cases were impacted by a policy 
change. The AMRAAM and legacy dispositions were in accordance with 
aeromedical policy at the time of review; the policy changed in between 
legacy and AMRAAM dispositions. †The legacy disposition was not in accor-
dance with aeromedical policy at the time of the legacy disposition recom-
mendation. ‡Compared to the legacy disposition, one restricted waiver was 
less restrictive with the AMRAAM disposition, and one restricted waiver was 
more restrictive with the AMRAAM disposition.
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severity of impact. In addition, showing the effect of risk mitiga-
tion through operational restrictions on a single two-dimensional 
matrix simplifies communication and enables USAF medics to 
more clearly communicate the benefits of recommended risk 
mitigation strategies to the LAF. Because USAF assessments of 
aeromedical risk are effectively considering overall risk to a 
weapons system, the ability to show how risk may vary based on 
aircrew role may be more effective in two dimensions.

Finally, the AMRAAM presents an opportunity for more 
effective two-way communication with the LAF. The AMRAAM 
harmonizes risk assessment processes, language, and risk toler-
ance thresholds between the LAF and aeromedical communi-
ties. In doing so, the AMRAAM may serve as a catalyst for 
meaningful dialogue on acceptable levels of risk, mitigation 
strategies, and operational impact. Ultimately, this may enable a 
more transparent and collaborative decision-making process.

Initial Formal Validation of the USAFSAM AMRAAM
The AMRAAM shows clear benefits as a communication  
tool and as a platform to provide additional dimensionality in 
risk assessment. These benefits would be of little use if the 
AMRAAM was nonvalidated or unpredictable. However, a for-
mal analysis shows that the AMRAAM produces results highly 
consistent with the ACS legacy approach; 88/99 cases reviewed 
had complete agreement between the AMRAAM and legacy 
processes. The polychoric correlation between the two pro-
cesses is almost perfect,9 and the statistical significance of  
the correlation coefficient verifies the relationship between 
AMRAAM and legacy dispositions. This effectively uses the 
legacy process as an accepted standard with which to evaluate 
the AMRAAM process; it is theoretically possible that the leg-
acy process does not provide satisfactory results. However, 
because the ACS is an advisory body, it is possible to measure 
the quality of recommendations using the legacy ACS process, 
and >98% of ACS recommendations in 2019 were accepted by 
the waiver authority. Based on this, the legacy process appears 
to provide satisfactory results and is a reasonable benchmark 
for comparison. Of particular note, of the 11 nonconcordant 
cases for which the legacy and AMRAAM processes did not 
have complete agreement, the majority (8) were less restrictive 
with the AMRAAM disposition. Of the three cases that had a 
more restrictive AMRAAM disposition, two reflected errors in 
the legacy disposition. The nonconcordant cases are small in 
number but suggest that when the legacy and AMRAAM pro-
cesses do differ, the AMRAAM tends to yield less restrictive 
recommendations. In addition, the AMRAAM identified two 
erroneous omissions from the legacy process; it is possible that 
AMRAAM results may be somewhat more reliable.

This study is not without limitations, with at least three areas 
of note: generalizability, bias due to recall or observation, and 
influence of policy changes. Regarding generalizability, the 
study involved application of the AMRAAM by clinically expe-
rienced ACS specialty consultants with operational aerospace 
medicine backgrounds. By virtue of its role, the ACS typically 
performs aeromedical risk assessment of complex, challenging 
cases. Therefore, while this random sample is likely valid for 

ACS cases, the study results may not apply to (or represent) all 
waivers for the USAF pilot population. Additionally, only Flying 
Class II (manned aircraft) pilot waivers were included in the 
study. Secondly, the legacy  dispositions were made from cases 
received at the ACS from 1 January–31 December 2019. 
Although each case was de-identified, it is possible that the 
reviewers applying the AMRAAM could have remembered ele-
ments of some cases (or their dispositions), which could influ-
ence the outcome of this study. Observation bias is also a 
possibility; during the development of the AMRAAM, the risk 
matrix approach was refined with all members of the ACS 
through briefings and feedback sessions. The case reviewers’ 
knowledge of the risk assessment tool and the potential tool 
adoption may have introduced observation bias if the reviewers 
assumed that the outcome of this study could facilitate organi-
zational adaptation of a collaboratively developed tool. However, 
this potential limitation was mitigated by clinical information 
in the original case being de-identified and legacy recommen-
dation outcomes being masked.

A third limitation is the potential for medical standards and 
policy changes since 2019 to influence the reassessment recom-
mendations. Organizational culture, aeromedical adjudication 
experience, pilot personnel projections, newer published litera-
ture, therapeutic advancements, and internal/external toler-
ance to aeromedical risk constantly shape medical standards 
and policy, thereby influencing risk tolerance for various condi-
tions. Two cases in this study were impacted by a policy change 
which affected aeromedical dispositions. This discrepancy was 
easily identified and no other policy changes impacting aero-
medical disposition for cases in this study occurred between 
2019 and the time of the study.

Beyond the validation study, there is one important limita-
tion of the AMRAAM itself. Gray, Sargsyan, and Davis argued 
in 2010 that risk matrices had the potential to project more 
objectivity than was actually present and argued that the risk 
matrix approach was best used as a means to facilitate discus-
sion, rather than as a risk-making tool.6 The context for the 
AMRAAM is quite different. There are existing USAF stan-
dards for acceptable levels of risk in the system and the 
AMRAAM allows USAFSAM to easily harmonize to those 
existing standards. This, in turn, allows medical considerations 
to avoid adding excessive risk to an overall weapons system and 
to avoid being overly conservative, which may affect mission 
readiness. Gray et al. propose that risk matrices may mask 
uncertainty stemming from low levels of evidence; while this 
proposal is certainly valid, the USAF operational mission often 
dictates that decisions be made based on the best available evi-
dence at the time. In the opinion of the authors, the ability to 
harmonize with overall USAF system risk far outweighs the 
potential drawbacks; we believe that basing aeromedical deci-
sion on the USAFSAM AMRAAM is the best available approach 
to assessing and communicating aeromedical risk in the USAF.

Finally, there is one important consideration regarding use 
of the AMRAAM for non-USAF applications. While the study 
team believes the construct of the AMRAAM is robust, it is 
important to highlight that the likelihood and severity scales 
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were directly informed by existing USAF standards. Other ser-
vices, entities, or nations may not have the same level of risk 
tolerance. Caution should be exercised in any potential applica-
tion of the AMRAAM to aeromedical assessments outside of 
the U.S. Air Force. Of note, the construct of the AMRAAM 
allows risk acceptability (indicated at the bottom of Fig. 3) to be 
tailored by adjusting the range of risk scores included in each 
risk assessment level. This would allow organizations to tailor 
the matrix to their specific risk tolerance.

Conclusion
The USAFSAM AMRAAM is a new paradigm for USAF aero-
medical risk assessment. By decomposing risk into likelihood 
and severity, the AMRAAM allows a more dimensional analy-
sis than does the 1% rule. This dimensionality also facilitates a 
more systematic approach to risk assessment by providing an 
objective process and clear definitions for risk, likelihood, and 
severity. The separation of likelihood and severity reflects the 
overall construct of the AMRAAM, which integrates LAF risk 
management processes and airworthiness standards. This 
allows the adoption of stakeholder risk tolerance into aeromed-
ical risk assessment and promotes a human systems integration 
approach for aerospace medicine. These attributes enable 
USAF medics to more effectively communicate aeromedical 
considerations to the LAF, and may facilitate a more meaning-
ful dialogue on operational risks and mitigation strategies. The 
USAFSAM Aeromedical Consultation Service will use the 
AMRAAM as the new basis for aeromedical risk assessments; 
the AMRAAM allows the ACS to harmonize aeromedical risk 
with USAF airworthiness standards, optimizing human perfor-
mance for the overall air system.
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