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Accessing Condom Deficiencies
Consistent condom users are estimated to be 10-20x less likely to 
become infected with HIV (90-95% reduction). However, realistic 

estimates put reduction closer to 60-70% due to lack of compliance.1

1. Pinkerson, S. D.; Abramson, P. R. “Effectiveness of Condoms in Preventing HIV Transmission.” Social Science & Medicine 1997, 44, 1303-1312.
2. Center of Disease Control. HIV Data & Trends, U.S. Statistics. Retrieved from https://www.hiv.gov/hiv-basics/overview/data-and-trends/statistics on August 10, 2019

19x: Likelihood that men who have sex 
with men (MSM) will contract HIV 

compared to the general population.

38,739: Number of new HIV 
infections in US in 2017.2

The synthesis of double network hydrogel coatings and their characterization 
over physiologically relevant contact pressures, sliding speeds, and 

temperatures will uncover lubrication mechanisms, which can be used to 
transform the surface properties of condoms and bolster HIV prevention 

methods for at-risk populations.

Project Overview

Double Network Hydrogels
Double Network Hydrogels

Hydrogels are water-containing rubbery 
polymer networks. They are intrinsically 
lubricious and have physical properties 

that can be fine-tuned to match biological 
systems, generating wide use in 

biomedical applications including drug 
delivery, tissue engineering, contact 

lenses, and wearable devices

Double Network Hydrogel Coatings Exhibit 
Low Friction Without External Lubricants

λ > 20

Double network hydrogels are 
highly stretchable

Hydrogel coatings are grafted to latex surfaces through a 
benzophenone surface initiator.

Double Network Hydrogels with High 
Interfacial Adhesion

Conclusions
We successfully synthesized double network 
hydrogel coatings designed to be intrinsically 

lubricious and outperform condoms with 
commercial lubricants

Under physiological temperatures, contact 
pressures, and sliding speeds, these 

hydrogel coatings maintain their lubricious 
properties and durability

These hydrogels can be loaded with anti-HIV 
drugs for therapeutic purposes.
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Tribology at Biological Interfaces
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Our goal is to understand the tribology (friction/wear), lubrication 
mechanisms, and performance limits of double network hydrogels under 

physiological conditions.

Macroscale test parameters in a 
mini-traction machine (MTM) 

mimic physiological conditions.
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outside the condom:
• sliding mimics the condom/rectal interface
• lubrication can be intrinsic or extrinsic (lube)

inside the condom:
• sliding mimics the condom/penis interface
• lubrication can be intrinsic or extrinsic (lube)
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Drug-Loading of Double Network Hydrogels
Anti-HIV microbicides are being explored as 

additions to lubricants to reduce HIV 
transmission during intercourse. Our 

hydrogel material can be loaded with such a 
microbicide as shown in the schematic 

above. Preliminary results by others on this 
team, on the left, show that drug loading 

was successful, as demonstrated by 
subsequent release in an aqueous 

environment.

After tests on hydrogel-coated 
samples, we were able to assess 
their friction coefficients under 
varying speeds, force loads, and 

temperature on a macro and 
micro level.

MTM Tests
Physiologically relevant conditions: 39 °C and 1 N 
• Friction ranges from: 0.07 + 0.02 < µ < 0.11 + 0.02 
• Silicone-based lubricant: µ = 0.06 + 0.02 
• Water-based lubricant: µ = 0.11 + 0.02 

Hydrogel coating produced consistent results over 60-minute test
μTrib Tests

Using a glass probe, the gel coated condom outperformed all other 
samples with a friction coefficient of µ = 0.015 + 0.011 

MTM Friction
• Load: 1N, 2N, 3N
• Speed: 10mm/s, 50mm/s, 

100mm/s, 150mm/s, 200 
mm/s

• Duration
• Lubricants
• Temperature

μTrib Friction
• Speeds: 10um/s, 100um/s, 

1000 um/s
• Lubricants
• Condoms vs. Thin Gel
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An in-house designed micro-tribometer (by 
Bennett, A. I.) to probe the mechanical and 

tribological properties of synthesized hydrogels 
and condom latex at a fundamental scale.


