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Introduction
The detection of infections related to implants remains a

challenging yet crucial aspect of post-surgical care. Early and
accurate detection of these infections can significantly reduce
morbidity and healthcare costs. pH-sensitive films have emerged
as a promising tool for non-invasive, real-time infection
monitoring due to their ability to detect subtle pH changes in
the surrounding tissue. This commentary explores the
development of pH-sensitive films for use in detecting implant
infections, leveraging Ultrasound Luminescent Chemical Imaging
(ULCI) as a novel approach for infection assessment.

Description
Implant-associated infections are a major complication in

orthopedic and other surgical fields. Conventional diagnostic
approaches, such as imaging and blood tests, often lack the
sensitivity or specificity required for early infection detection. In
recent years, chemical imaging methods using luminescent
markers have shown promise for diagnostic applications, and
the development of pH-sensitive films aims to advance these
technologies further. The acidic environment characteristic of
infection sites makes pH-sensitive films particularly valuable for
detecting changes in tissue physiology associated with bacterial
colonization and inflammation around implants. Coupled with
ULCI, pH-sensitive films offer a novel, minimally invasive solution
for real-time infection detection.

Mechanism of pH-sensitive films
pH-sensitive films are crafted using polymers or hydrogels

that undergo detectable changes in response to pH variations.
These films are embedded with pH-sensitive dyes or
luminescent compounds, which emit fluorescence or
luminescent signals in response to acidic conditions. In cases of
infection, the surrounding environment near an implant may
become acidic due to the production of lactic acid by bacteria
and immune response cells, which shifts the pH from neutral to
a lower range. When exposed to an acidic environment, the pH-
sensitive film can display a change in luminescence, which is
then captured using ULCI.

Ultrasound Luminescent Chemical Imaging (ULCI)
ULCI is an imaging modality that combines ultrasound with 

luminescent chemical detection to provide high-resolution 
images of the infection site. Ultrasound serves as a guiding tool 
to locate the implant and surrounding tissue, while the chemical 
imaging component detects the luminescent signals emitted by 
the pH-sensitive film. The ability to visualize both anatomical 
and chemical information in a single imaging session makes ULCI 
highly suitable for infection detection. ULCI’s use of non-ionizing 
radiation is also beneficial, as it minimizes patient exposure to 
potentially harmful radiation, making it suitable for repeated use 
if ongoing infection monitoring is necessary.

Advantages of pH-sensitive films in infection detection
The use of pH-sensitive films in conjunction with ULCI offers 

several advantages over traditional infection detection methods:

The pH-sensitive film is applied to the implant, allowing for 
non-invasive monitoring of infection status. It can be particularly 
beneficial for patients at risk of recurrent infections or those 
with limited access to invasive diagnostic tools.

pH-sensitive films enable immediate assessment of the 
infection status, as changes in luminescence can be detected 
instantly via ULCI.

ULCI provides precise anatomical location information, 
allowing for targeted imaging of the implant site and reducing 
the risk of false positives from other areas of the body.

While promising, the application of pH-sensitive films for 
implant infection detection faces certain challenges. First, the 
durability of the film in vivo must be ensured to withstand the 
physiological environment without degradation. Second, the 
sensitivity and specificity of the pH response need optimization 
to prevent false positives or negatives. Additionally, further 
research is required to establish the safety and biocompatibility 
of pH-sensitive films for long-term application within the body.

Future studies could focus on enhancing the sensitivity of the 
pH-sensitive films by developing materials that respond to even 
minor pH fluctuations. There is also potential for integrating 
advanced materials, such as nanoparticle-based dyes, to
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improve luminescent response accuracy. Advancements in
ultrasound and luminescent imaging technologies will likely
further boost the applicability of pH-sensitive films in clinical
settings.

Conclusion
The development of pH-sensitive films for detecting implant

infections through ULCI represents a significant advancement in

the field of infection diagnostics. This technology has the
potential to enhance patient outcomes by providing an efficient,
non-invasive, and real-time solution for monitoring implant
infections. With further research and development, pH-sensitive
films could become a vital tool in clinical practice, offering
improved diagnostic accuracy and facilitating timely intervention
in implant-related infections.
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