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Task Name

ISS and other vehicles

ISS as Mars analog

Bone Portfolio

Risk Of Early Onset Osteoporosis Due To Spaceflight

Osteo 1: A new acceptable bone health standard using an
improved surrogate for bone strength needs to be defined
for the flight environment.

[DS] Sibonga: FE Strength Cutoff (Completed)

[DS] Sibonga: FE Strength Cutoff II

[DS] Sibonga: Hip QCT (see Osteo 3 for updates)

Osteo 2 (B1a & B29): What is the incidence & prevalence
of early onset osteoporosis or fragility fractures due to
exposure to spaceflight.

[NRA] Amin: Bone Epidemiologic Analysis (see Osteo
4 for updates)

[NRA] Amin: Bone Epidemiologic Analysis II (see
Osteo 4 for updates)

[DS] Sibonga: Hip QCT (see Osteo 3 for updates)

[DS] Sibonga: VCF-MRID (see Osteo 3 for updates)

Osteo 3 (B1b & B29): We need a validated clinically
relevant method for assessing the effect of spaceflight on
osteoporosis or fracture risk in long-duration astronauts.

[DS] Sibonga: Hip QCT

[DS] Sibonga: VCF-MRID

[NRA] TBD: Bone Measures Add-On to OP Summit
Follow-On Study

a b c d e f g

ISS as Mars analog

Methodology and collaboration for deriving FE Cutoffs from population data
11

↑1: Estimates of hip strength for bone health
↑4: NASA-STD-3001 with revised standards

1, 4

1,4,10

1

1

1,4,10

10

F: ISS DA&M
Bone Risk Surveillance

↑4: Data from astronauts to be added to dataset; ↑10: Flight Rule/MRID/Practice Guidelines

14,10
DA&M Recommend update to health standards 

10
FP FS

Planned/unfunded

DA&M

4

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Bone Portfolio

Risk Of Early Onset Osteoporosis Due To Spaceflight

Osteo 4 (B1c, B11, N7): We don't know the contribution of
each risk factor on bone loss and recovery of bone
strength, and which factors are the best targets for
countermeasure application.

[NRA] Amin: Bone Epidemiologic Analysis

[NRA] Amin: Bone Epidemiologic Analysis II

[NRA] Hogan: Bone Strength Recovery

[NSBRI] Bloomfield: Musculoskeletal Health

[DS] Sibonga: Sclerostin Bedrest

[NRA] Judex: Musculoskeletal Recovery

[NSBRI] Globus: Vascular-bone Coupling and Skeletal
Health

[NSBRI] Bateman: SR Bone Loss

[NSBRI] Donahue: Integrated Bone & Muscle Metabolism

a b c d e f g

ISS as Mars analog

G

DA&M
↑1: Evidence derived from epidemiologic analyses that will evaluate

↑10: Pass data to SD

1,10

DA&M

↑1: Evidence to support increased risks in astronauts 1

G DA&M
Rodent study with hind-limb unloading, designed to model the effects of multiple spaceflilght missions.

1
NSBRI: DA&M

1
         G  DA&M

1
G DA&M

Establish the range of responses
1

NSBRI: G

1
[NSBRI] Globus: Vascular-bone Coupling and Skeletal Health

SBRI: G NSBRI: DA&M

1
NSBRI: Planned/unfunded

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Bone Portfolio

Risk Of Early Onset Osteoporosis Due To Spaceflight

Osteo 4 (B1c, B11, N7): We don't know the contribution of
each risk factor on bone loss and recovery of bone
strength, and which factors are the best targets for
countermeasure application.

[NRA] Lang: Musculoskeletal LDLM

[DS] Pennline: Bone Turnover Model: Initial
Implementation

[NSBRI] Mellor: Early Arthritis

[DS] Sibonga: FE Strength Cutoff II (see Osteo
1 for updates)

[DS] SM Smith: BioSurveillance (see
HHC-Multisystem Gap N14 for updates)

[DS] LeBlanc: Bisphosphonates SMO [see Osteo
7 for updates]

[NSBRI] Vignaux: Nervous system & bone loss

[NRA] SM Smith: Pro-K (see HHC-Multisystem
Gap N14 for updates)

[NRA] TBD: n-3 Fatty Acids (see
HHC-Multisystem Gap N14 for updates)

a b c d e f g

ISS as Mars analog

G

7

NSBRI: G

1

1,4

1,4

7

T TBD: Task to be determined after decision point

1,7

7

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

 

HRP Integrated Research Plan (IRP) - Revision D
Human Health Countermeasures (HHC) - Bone

Risk Of Early Onset Osteoporosis Due To Spaceflight 

HRP IRP Revision D
HHC - Bone Portfolio Gap: Osteo1 - Osteo7

3 of 7 For NASA Internal Use Only



Task Name

ISS and other vehicles

ISS as Mars analog

Bone Portfolio

Risk Of Early Onset Osteoporosis Due To Spaceflight

Osteo 4 (B1c, B11, N7): We don't know the contribution of
each risk factor on bone loss and recovery of bone
strength, and which factors are the best targets for
countermeasure application.

[DS] Sibonga: Hip QCT (see Osteo 3 for updates)

[ILSTRA] DeWitt: ARED Kinematics (see
HHC-Excercise Performance Gap M7-9 for
updates)

[DS] Ploutz-Snyder: Sprint (see HHC-Excercise
Performance Gap M7-9 for updates)

[NRA] Inflammatory Response  (see
HHC-Multisystem Gap N3 for updates)

[DS] SM Smith: Nutrition SMO (see
HHC-Multisystem Gap N3 for updates)

[DS] TBD: SPRINT Optimization Studies (see
HHC-Excercise Performance Gap M7-9 for
updates)

[NRA] Urban: Testosterone (see HHC-Excercise
Performance Gap M14 for updates)

Development of New Exercise Hardware for
Exploration Missions (see HHC-Excercise
Performance Gap M7-9 for updates)

Flywheel Prescription Optimization  (see
HHC-Excercise Performance Gap M7-9 for
updates)

[NSBRI] Globus: Og SR Bone (see Space
Radiation Gap Degend-7 for updates)

a b c d e f g

ISS as Mars analog

1,4,10

5,7

7

1

1

7

7

7

1

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Bone Portfolio

Risk Of Early Onset Osteoporosis Due To Spaceflight

Osteo 5 (B10): We need an inflight capability to monitor
bone turnover and bone mass changes during
spaceflight.

[NRA] TBD: FUS-Bone Measures

[NRA] Clarke: Sweat

Does technology work?

[NRA] Anbar: Calcium Isotope Study

Validate in flight?

[DS] TBD: Bone Microarchitecture – Animal Study

[DS] TBD: Bone Microarchitecture – Ground Study

[DS] TBD: Bone Microarchitecture – Flight Study

[NSBRI] Qin: Ultrasound Bone Quality [refer to
ExMC Gap ExMC 4.02]

[DS] SM Smith: BioSurveillance (see
HHC-Multisystem Gap N3 for updates)

[DS] Sibonga: Hip QCT (see Osteo 3 for updates)

[DS] SM Smith: Nutrition SMO (see
HHC-Cardiovascular & Vision Gap N7 for updates)

[SBIR] Chan: rHealth Sensor (completed)

[SBIR] Snook: Wideband Bone (see ExMC Gap
ExMC 4.02 for updates)

a b c d e f g

ISS as Mars analog

Provide Bone-specific requirements to ExMC

10
G DA&M

Deliver a flight-worthy capability for monitoring bone turnover during a mission
6

Yes↑6
Does technology work?

No → Stop
G DA&M

Report received
1

Validate in flight?

No→ Stop
DA&M

Tech or tool
6

G
Tech or tool

6
F

In-flight tool
6

6

1,4

1,4,10

1,4

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Bone Portfolio

Risk Of Early Onset Osteoporosis Due To Spaceflight

Osteo 6: How do skeletal changes due to spaceflight
modify the terrestrial risk of osteoporotic fractures?

[DS] LeBlanc: Bisphosphonates SMO (see Osteo 7 for
updates)

[DS] Sibonga: VCF-MRID (see Osteo 3 for updates)

[DS] Sibonga: FE Strength Cutoff II  (see Osteo 1 for
updates)

[NRA] Amin: Bone Epidemiologic Analysis (see Osteo
4 for updates)

[NRA] Amin: Bone Epidemiologic Analysis II (see
Osteo 4 for updates)

[NSBRI] Qin: Ultrasound Bone Quality [refer to ExMC
Gap ExMC 4.02]

[DS] Sibonga: Hip QCT (see Osteo 3 for updates)

a b c d e f g

ISS as Mars analog

7

10

1

10

1

1,4,10
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Task Name

ISS and other vehicles

ISS as Mars analog

Bone Portfolio

Risk Of Early Onset Osteoporosis Due To Spaceflight

Osteo 7: (B3, MO5, B15) We need to identify options for
mitigating early onset osteoporosis before, during and
after spaceflight.

[DS] LeBlanc: Bisphosphonates SMO

CM effective?

[NRA] TBD: DMab Analogue

Validate in flight?

[NRA] TBD: DMab Flight

[NRA] TBD: Emerging Drug (TBD) Analogue Validation

[NRA] TBD: Emerging Drug (TBD) Flight Validation

[NRA] TBD: Flight Validation of an Integrated Nutritional,
Pharmaceutical and Exercise CM

[NSBRI] Bajaj: ImmobilizeBone

[NRA] Amin: Bone Epidemiologic Analysis (see Osteo
4 for updates)

[NRA] Amin: Bone Epidemiologic Analysis II (see
Osteo 4 for updates)

[NRA] TBD: n-3 Fatty Acids (see HHC-Multisystem
Gap N14 for updates)

[DS] Sibonga: Hip QCT (see Osteo 3 for updates)

[NSBRI] Ploutz-Snyder: Exercise Training on Compact
Equipment (see HHC-Excercise Performance Gap M7-9
for updates)

[DS] Ploutz-Snyder: Sprint Study (see HHC-Excercise
Performance Gap M7-9 for updates)

[DS] SM Smith: Nutrition SMO (see HHC-CV Gap N7
for updates)

a b c d e f g

ISS as Mars analog

F: ISS DA&M
Flight validated pharm CM to mitigate risk

7
CM effective?

No → Stop
G: Solicit G DA&M

7

No → Stop
Validate in flight?

Yes ↓ 
F: ISS DA&MFP

Denosumab is an antiresorptive osteoporosis therapy approved
7

G: Solicit G DA&M

7
F: ISS DA&MFP

CM to mitigate risk
7

F: ISS DA&MFP
Integrated CM to mitigate risk

7
NSBRI: G

1,10

1

7

1,4,10

7

7

1,4

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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