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If you knew a piece of equipment was broken and produced questionable data, 
would you allow it to be used? Then why is it used without this knowledge?

Why Testing Matters

Question:



If you send a device out for repair, how 

do you verify the quality of the repair 
when it comes back? 
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HTMs, the thin blue line

protecting patients from
defective devices



The FDA does not have a definition for a “bad repair”, it only offers two scenarios: (1) repair is an 
activity that returns the device to OEM specs, and (2) if it doesn’t then the activity is defined as  
remanufacturing. Although the FDA does not categorize a bad repair, we all know that bad repairs 
are a reality in the medical device servicing industry. An old adage sums up what bad repairs cost; 
“The most expensive repair you will ever have is a bad repair.” Today we are going to see exactly 
what it takes to avoid bad repairs through objective testing both pre and post repair.
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How the FDA looks at it



“Activities that are not intended to significantly change the performance or safety specifications, 
however, should still be evaluated to determine whether they do significantly change the 
finished device’s performance and safety specifications. Multiple changes, when considered 
cumulatively, may significantly change the performance or safety specifications.”

Must

Should
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How the FDA looks at it



When deciding whether an activity is remanufacturing, entities should document the decision-making 
process and the basis for the determination. The documentation should be prepared in a way that clearly 
describes the rationale underlying the conclusion, such that it could be understood by an FDA investigator 
or a third party. For this, we recommend that the documentation include at a minimum, the following:

• Product name (including model and serial number, if applicable)
• Date of activities performed, assessment, and determination
• Description of device
• Description of activities to be performed, including documentation of components, parts, and materials 

involved
• Determination of whether the activity is remanufacturing (we recommend using the applicable sections 

of this guidance)
• Reference to related documents supporting the decision-making process
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How the FDA looks at it



Medical Device FDA Classifications
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Risk-based Assessment
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How the FDA looks at it



Objective evidence is data that 
supports the verification of something 
and is factual, measurable, and 
quantifiable. It can be obtained 
through observation, measurement, 
testing, or other methods. Objective 
evidence is not based on what 
someone says, but on factual 
documentation.
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2D Matrix 
Array Probe

Load Transmit and Receive Code
to Engage ASICReverse Engineer

Probe ASIC

Test Array Elements and 
Cable Wires for Failures

Objective Performance Data Acquired to 

Determine Repairability and to 

Establish Substantial Equivalence in Repair

“Like new OEM transducers, non-OEM replacement and 

remanufactured transducers are new medical devices. As such, they 

are subject to the 510(k) premarket notification Regulations (21 CFR 

807.81). They are required to have cleared 510(k) prior to being 

marketed. Examples of actions that could be considered 

remanufacturing are changing the acoustic stack (array), an electrical 

component, or patient contact material.”

Demonstrate Compliance
with FDA Guidance
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Reverse Engineering – the path to objective testing



Circuit analysis on X8-2t Probe demonstrated a small 

variant in a sensitivity loop. A preamp component in the 
probe connector was defective and replaced. This test 
saved the hospital from buying a replacement probe at 

$20k
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Reverse Engineering – the path to objective testing
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Example – Illustrating a General Rule
Let’s look at an ultrasound probe
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Reconciling FDA Guidance's
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Maximum FDA allowed Acoustic Output Power
720mW/cm2. Testing objectively demonstrates 

substantial equivalence to the OEM output.

FDA Guidance: In addition to the information recommended in the body of this 
guidance, we recommend the following in regard to acoustic output testing for 
replacement arrays/transducers:
1) In making output comparisons between the replacement and the OEM 

transducers, three or more transducers of each type should be used…”
2) Worst case acoustic output comparisons should be identified and documented
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Examples of actions that could be considered 
remanufacturing are changing the acoustic stack, 
electrical component, or patient-contact material.

Transducers are finished medical devices manufactured to 

certain performance and safety consensus standards, for 
example…

• ISO10993-1 (also see FDA 21 CFR, Part 58): 

Biocompatibility for patient contact materials 

(cytotoxicity, sensitization, and irritation), such 

as the lens, TEE insertion tube, and other parts

• EC60601-1: Electrical leakage

• IEC60601-2-37: Lens surface temperature 

maximum (43°C)

• IEC60601-2-37: Acoustic output measurement 

and display standard for diagnostic ultrasound 

equipment

• IEC60529: Degrees of protection provided by 

enclosure (IP Code): protection against fluid 

ingress into probes 

Materials and testing processes used in transducer repair 
should protect the finished devices performance 
specifications, safety specifications and intended use.
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Image result for photo of Siemens ultrasound probes

Lens
• IEC60601-1
• ISO10993-1
• IEC60529

• IEC60601-2-37

Housing Cap
• IEC60601-1

• ISO10993-1
• IEC60529

Housing 
• IEC60601-1
• IEC60529

Strain Relief 
• IEC60601-1
• IEC60529

Cable 
• IEC60601-1

FDA Recognized
Consensus Standards
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≠ Substantial Equivalence
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Test Materials Used
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Test Candidate 

Materials - FTIR



≠ Substantial Equivalence
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Test Candidate Materials – in addition to 

performance – also test biocompatibility
and Shore A hardness of the material 



≠ Substantial Equivalence
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OEM Array Sensitivity non-OEM Array Sensitivity



EMI shielding material was compromised from the 
distal side of the acoustic lens to the grounds.
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≠ Substantial Equivalence



Confirming a substitute
material(s) can survive
the OEM instructions
for HLD.
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Diagram

Description automatically generated
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https://aium.s3.amazonaws.com/covid19/TransducerCleaningProcess.png


Shore A hardness strength was 

≠ substantial equivalent

Replacement material had a

Shore A hardness strength of 52
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• Use Vendors who can readily show they know and understand the testing requirements of the FDA 
• Ask for objective evidence (documentation) that demonstrates the vendor is validating parts, materials, and 

components that return the repaired device to substantial equivalence to the OEM for safety, efficacy, and 
intended use

• Ensure vendor has the subject matter expertise and technology to perform relevant testing and to perform 
adequate and traceable validation

• At a minimum use only vendors who are currently ISO13485:2016 Registered – for the correct activity 

Essential Takeaways 
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Timothy A Bigelow, PhD
Iowa State University, Ames, IA
Recommendations when Acquiring and Using 
Repaired  Ultrasound Transducers
AIUM 2019 
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“All repair entities of ultrasound probes should be held to the same regulatory and compliance standards as 
applied to the original equipment manufacturers (OEMs). Repair processes, materials used, and components 
such as acoustic arrays, should be tested and validated to demonstrate substantial equivalence to the OEM 
probe. This testing should be documented and provided to the clinic upon return of the repaired probe. If a 
repaired probe does not meet the imaging standards of the original OEM probe, then the probe should be 
regarded as not repaired. Paying for a repair that was not properly done only lowers the quality of the medical 
care while raising the cost.”

Hospitals and Advocates such as AIUM are pushing for this 



Vetting Template
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