
Research Article 

Tracking Unique Device Identifiers (UDIs) of Mini Fragment         
Implants with a Novel Optical Imaging System        
Jove Graham, Ph.D.1 a, Naresh Menon, Ph.D.2b, Kevin Capatch3c, James Allington, Ph.D., P.E.2d, Rudra Menon2e,
Michael Suk, M.D., J.D.4f 

Dr. Graham is a biomedical engineer interested in improving the healthcare system in the United States. Prior to joining Geisinger 
as an independent researcher, study designer and biostatistician, he worked for the FDA/CDRH specializing in review of cardiovas
cular and spinal surgical implants, and he serves on ASTM International’s Committee F04 for medical device standards. He has over 
100 peer-reviewed publications and presentations, with grants from the Patient Centered Outcomes Research Institute (PCORI), 
Agency for Healthcare Research and Quality (AHRQ), National Association of Chain Drug Stores Foundation and FDA’s Office of 
Women’s Health, among others. 

Visit Dr. Jove Graham 

Connect with Dr. Jove Graham on LinkedIn 

Conflicts of Interest Statement for Dr. Jove Graham 

As the founder of Covius, Dr. Naresh Menon has over 30 years of industrial Research, Development and Product launch experi
ence. He is passionate about addressing the crisis caused by counterfeit and substandard products that are impacting consumer 
confidence in E-commerce, disrupting our military supply chain and endangering patients. Dr. Menon brings a unique approach to 
industrial problems that combines bioinspired multidisciplinary science with the practical operational needs of manufacturing. This 
has resulted in disruptive solutions that have been deployed by Government and Fortune 100 companies in manufacturing and 
distribution. He received his PhD in Physics from Purdue University with an emphasis in sensor fabrication, instrumentation and 
novel data analytic methods that were applied at multiple national and international laboratories towards fundamental physics dis
coveries. His early career was spent at Corning Incorporated and Northrop Grumman Mission Systems where he was groomed for 
leadership positions in multiple businesses. Covisus was spun-out in 2015 from ChromoLogic LLC (www.chromologic.com); an inno
vation center that focuses on developing deep-tech solutions that save lives and make the world secure. 

Visit Dr. Naresh Menon 

Connect with Dr. Naresh Menon on LinkedIn 

Conflicts of Interest Statement for Dr. Naresh Menon 

Kevin Capatch is the Director of Process Engineering at Geisinger. As a Director at Geisinger, Kevin’s team of process engineers uti
lizes Lean tools and current state process integration tools to focus on magnifying the value and eliminating waste in the core value 
streams at Geisinger. Kevin’s evangelistic leadership style and manufacturing-based operational expertise, combined with his infor
mation systems background, have allowed him to stimulate new thinking and promote process redesign in Geisinger’s supply chain 
information and care support delivery systems. He is a foundational leader with the Healthcare Transformation Group (HTG), the 
Community Advisory Board (CAB) for GS1 U.S. Healthcare, and currently serves on the Board of the Partnership for DSCSA Gover
nance (PDG). Kevin is active in multiple GS1, AHRMM, ASC X12, and C4SCS workgroups. He has completed AHRMM’s Healthcare 
Supply Chain Leadership Institute and holds a master’s degree in Project Management. In his spare time, he and his wife, Diane, 
support their two sons’ transition to the Lancaster, PA area. 

Visit Kevin Capatch 

Connect with Kevin Capatch on LinkedIn 

Conflicts of Interest Statement for Kevin Capatch 

Dr. James Allington, PhD, PE has a background in robotics and electro-mechanical system development. He holds a Ph.D. in Me
chanical and Aerospace Engineering from the University of California, Irvine. Previous work includes rehabilitation robots, and 
pneumatic control systems. Other successes include the design and fabrication of opto-mechanical assemblies for large astronomi
cal telescopes. 

Visit Dr. James Allington 

Connect with Dr. James Allington on LinkedIn 

Conflicts of Interest Statement for Dr. James Allington 

Rudra graduated from the University of Maryland with a Bachelor’s degree in Computer Science. With over four years of experience 
in developing and optimizing machine vision algorithms, Rudra has worked extensively on unique part identification, contributing 
to advancements in automated systems and object identification through the application of computer vision technology. 

Connect with Rudra Menon on LinkedIn 

Conflicts of Interest Statement for Rudra Menon 

Dr. Michael Suk, MD, JD, MPH, MBA, a board-certified orthopaedic surgeon who was first elected to the American Medical Associa
tion Board of Trustees in June 2019, became board chair in June 2024. Throughout his career, Dr. Suk has been a vocal leader on 
public health issues, including the role and importance of organized medicine, resident work hours, social determinants of health 
and numerous other public health concerns. Dr. Suk is professor and chair of the Musculoskeletal Institute and the Department of 
Orthopaedic Surgery at the renowned Geisinger Health System based in Danville, Penn. Additionally, he serves as chief physician 
officer of Geisinger System Services, where he provides clinical leadership over the system’s $1.5B enterprise supply chain and 

a 

b 

c 

d 

e 

f 

Graham, Jove, Naresh Menon, Kevin Capatch, James Allington, Rudra Menon, and
Michael Suk. 2024. “Tracking Unique Device Identifiers (UDIs) of Mini Fragment
Implants with a Novel Optical Imaging System.” Journal of Orthopaedic Experience &
Innovation 5 (2). https://doi.org/10.60118/001c.123240.

https://orcid.org/0000-0002-7881-8588
https://www.geisinger.edu/gchs/research/about-gchs-research/find-an-investigator/2018/04/04/13/27/jove-graham
https://www.linkedin.com/in/jove-graham-928a854/
https://irahkirschenbaummd.zenfolio.com/img/g853971176-o360905551.dat?dl=2&tk=sVLc6cZ9SiohDMDOMt39fnEyZl9S5-jYDcq4FlfJQaE=%0A
http://www.chromologic.com/
https://covisus.com/
https://www.linkedin.com/in/naresh-menon-24b6821/
https://irahkirschenbaummd.zenfolio.com/img/g912319716-o360905551.dat?dl=2&tk=aHWQkfWlSyWhzIbtJu2NFiim8GtzXDdWUsEi5SeGwtU=
https://www.geisinger.org/
https://www.linkedin.com/in/kevin-capatch-0b44b47/
https://irahkirschenbaummd.zenfolio.com/img/g914654642-o360905551.dat?dl=2&tk=o2hEmKYjCwhaVUIMBqqxiawWzIZPm1zKvulPik1f55I=%0A
https://chromologic.com/
https://www.linkedin.com/in/james-allington-b5987270/
https://irahkirschenbaummd.zenfolio.com/img/g591033270-o360905551.dat?dl=2&tk=tTCR8ZQHj8P5smC-8qIcVASntUCLb8BsxsdvirpbWno=%0A
https://www.linkedin.com/in/rudra-menon-935198128/
https://irahkirschenbaummd.zenfolio.com/img/g549273315-o360905551.dat?dl=2&tk=jkQ3s0TaX5r3O_ZU7R-hX0NFKOwMc3GEtdrf7kKqzyQ=%0A
https://doi.org/10.60118/001c.123240


1 Center for Pharmacy Innovation and Outcomes, Geisinger, 2 Covisus, Inc., 3 Geisinger, 4 Musculoskeletal Institute & Department of Orthopaedic 
Surgery, Geisinger 

Keywords: surgery, patient safety, medical devices, unique device identification 

https://doi.org/10.60118/001c.123240 

Journal of Orthopaedic Experience & Innovation 
Vol. 5, Issue 2, 2024 

Background  
Small and mini fragment implantable medical devices (0.5 – 4.4mm) such as plates and 
screws that are placed into surgical trays pose a challenge to unique device identification 
(UDI) and tracking because they are difficult to directly mark, and often separated from 
labeling prior to reaching the point of care. Our objective was to demonstrate a novel 
optical system’s ability to track the unique identities of these small implants. 

Methods  
We performed a series of simulated craniotomy surgeries involving implants as small as 
1.5mm in size, representing 13 different products from two manufacturers, to test 
whether a commercially available optical system (QuanTEK, Covisus, Inc.) could 
accurately track all implants through these simulations. The system was used to capture 
the unique surface texture of 236 implants at a micrometer scale and convert this to a 
unique “fingerprint” (vTag) for each item. Implants were placed in surgical trays, and 
these trays were subjected to a series of 16 simulated surgeries. After each surgery, trays 
were scanned and identified to determine which had been used, moved, or added. 

Results  
Post-surgical scans accurately identified the location and unique identity of 100% of 
implants (953 out of 953 times; 853 screws, 62 plates, 38 burr hole covers scanned; 95% 
confidence interval = 99.6 to 100%). 

Conclusions  
Results demonstrate that under simulated conditions, the system was able to register and 
verify the unique identities of mini fragment implants through surgical procedures with 
100% accuracy. This technology could therefore be used to finally fulfill the goal of 
providing hospitals and supply chain management a solution to tracking the full UDI of 
all implantable medical devices used in the operating room, including the very smallest 
devices. 

INTRODUCTION 

High-profile medical device recalls, such as the Depuy ASR 
hip in August 2010 that affected an estimated 93,000 pa
tients worldwide, have brought public attention to the gaps 
in postmarket device surveillance (Meier 2012). In a 2011 

report, the United States (US) Government Accountability 
Office (GAO) called on the Food and Drug Administration 
(FDA) for better oversight, after examination of Class I re
calls between 2005 and 2009 found that hundreds of thou
sands of recalled devices were not able to be located or re
covered (Government Accountability Office 2011). By 2013, 
the FDA had announced requirements for manufacturers to 
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label medical devices with a unique device identifier (UDI) 
(Unique Device Identification 2013) as a necessary step to 
support better device tracking, as well as to support hos
pital supply chain operations, patient safety, and research, 
particularly for implantable devices (McClellan, Gardina, 
Daniel, et al. 2014; The Pew Charitable Trusts 2015; N. A. 
Wilson et al. 2022). The UDI consists of a two-part numeric 
code consisting of the device identifier (DI) and production 
identifier (PI), and since 2013, similar UDI frameworks have 
been announced by the European Union and 10 other coun
tries. Although the FDA established a timeline for all de
vices to be compliant with its rule by 2022, barriers to im
plementation have led to deferrals, exceptions, and other 
delays to the envisioned goal of a comprehensive ecosys
tem for full tracking and surveillance of all medical devices 
(Food and Drug Administration 2022). 
Several hospital systems have reported success in track

ing implants in areas such as cardiac catheterization labo
ratories where sterile, UDI-labeled implants tend to be bar
code-scannable at the point-of-care (POC) (Drozda, Dudley, 
Helmering, et al. 2015; Drozda, Graham, Muhlestein, et al. 
2022; Krupka, Graham, Wilson, et al. 2021). Perhaps the 
most significant barrier to universal UDI tracking, however, 
is the impracticability of labeling extremely small devices, 
such as small and mini fragment implants used in ortho
pedics. In hospitals and ambulatory surgery centers, these 
implants are often received in surgical trays or are removed 
from packages and placed into surgical trays for steriliza
tion, after which the link between the implant and its UDI 
labeling is broken. As trays are replenished over the course 
of multiple surgical procedures on different patients, trays 
may also hold a mixture of implants that were added at dif
ferent times and with different DI and PI information. In 
the past 12 months at our institution, over 28,000 implant-
related surgeries were performed and between one-fourth 
and one-third of these involved small metallic plates and 
screws whose full UDI information cannot be retrieved (Ho
miak 2024). The scope and impact of this problem for hos
pitals and patients is therefore substantial. 
In some cases, larger implants can be imprinted with 

UDI via direct part marking (DPM) or other technology, 
but millions of implantable screws (Fletcher, Wenzel, Neu
mann, et al. 2020) and plates used annually in surgeries 
across the country are too small for DPM. This results in 
a major obstacle to realizing the intended goals of patient 
safety, and prevents hospital supply chain management 
from implementing the same kind of tracking system in the 
operating room (OR) because of this large volume of un
trackable parts (AIM North America 2023). It also creates 

large inventories of implants with unknown provenance 
that require complex and expensive dispositioning. Besides 
DPM, other solutions to UDI compliance for small implants 
have been discussed, including individual sterile-packaging 
all implants, which would be a major and costly under
taking that could increase patient risk, or addition of 
scannable markers to the surgical tray which would facili
tate the capture of DI only. An approach that could track 
the full UDI of small implants without disrupting the cur
rent sterilization or OR workflow could be highly beneficial 
for many stakeholders. 
We report on a study using testing of a commercially 

available optical system and its applicability to tracking 
medical device UDI. Our objective was to simulate a series 
of surgical procedures in order to test the accuracy and fea
sibility of the system to uniquely identify and track small 
implants. A secondary objective was a process analysis of 
how the solution could be implemented somewhere outside 
the OR. 

METHODS 

This study was conducted at Geisinger Medical Center, part 
of an integrated healthcare delivery system delivering care 
to over one million patients in central and northeastern 
Pennsylvania. Geisinger has ten hospitals, more than 1,600 
primary and specialty physicians that serve the system clin
ics, and a single electronic health record (EHR) platform 
encompassing inpatient and outpatient care across its net
work. This study involved no human subjects and was 
therefore exempt from Institutional Review Board (IRB) re
view. 
A QuanTEK system (Covisus, Inc., Monrovia, CA) was 

set up in the central sterile supply area of the hospital, 
requiring approximately a 24 by 36 inch work surface for 
the system and a laptop computer. The system uses a pro
prietary optical imaging assembly mounted onto an au
tomated robotic platform and was developed for the De
partment of Defense to meet its Intrinsic Unique Device 
Identifier (IUDI) requirements for microelectronics and air
craft engine components (Defense Federal Acquisition Reg
ulation Supplement 2024). At a rate of approximately one 
second per implant, it rapidly captures the unique surface 
texture of an implant at a micrometer scale and converts 
this to an intrinsic, immutable “fingerprint” (virtual tag, or 
vTag) that is linkable to other metadata such as UDI. The 
approach is based on the well-established scientific princi
ple that all objects have a unique surface texture that can 
be used for identification (Buchanan, Cowburn, Jausovec, et 
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al. 2005). Using this technology, an implant can be sepa
rated from labeling or other identifiers, because whenever 
its surface is scanned again, the vTag fingerprint is used to 
match to its metadata using a statistical algorithm. Figures 
1a and 1b show the system in use and a sample vTag finger
print image, respectively. 
From the hospital’s inventory, we selected two cran

iotomy trays from different manufacturers: (1) the Univer
sal Neuro III (UNIII) kit (Stryker Corporation, Kalamazoo, 
MI) and (2) the Low Profile Neuro kit (LPN) (Depuy Syn
thes, Warsaw, IN). Trays had been populated by the hos
pital staff with implants, cleaned and sterilized, and were 
ready to be used for surgery. For this study, we chose eight 
different screw types, three plate types, and two burr hole 
cover types to test applicability of the system to a range of 
geometries, materials and surfaces, as described in Table 1. 
In addition to the surgical trays, we also utilized a generic 
plastic tray, which could be used for any implant geometry, 
for overhead scanning of plates and burr hole covers that 
were stacked in the surgical tray. All trays are shown in Fig
ure 2, and close-up photos of the implants are shown in 
Figure 3. 

TEMPLATING AND REGISTRATION 

The optical system’s camera moves along a horizontal 
plane, viewing each implant’s surface from above and se
lects areas to scan to create the vTag based digital finger
print. The first step of the process, therefore, was to cre
ate a software template for each implant type geometry and 
to calibrate these templates. Because the eight screw types 
were similar in shape and size, they could be processed with 
one template, and five additional templates were needed 
for the three types of plates and two types of burr hole cov
ers. Once templated, every individual implant was regis
tered with a unique fingerprint (vTag) by scanning its sur
face. Screws could remain in the surgical tray for scanning, 
while plates and burr hole covers (which were stacked in 
the surgical tray) were temporarily transferred to the afore
mentioned generic plastic tray to make them visible for 
overhead scanning. A total of 236 unique implants were 
registered during this step and assigned unique identifica
tion numbers, similar to UDIs, with no errors in registra
tion. 

SURGICAL SIMULATION 

Once registration was completed, we performed a series of 
16 simulated craniotomy surgeries, 8 with each tray. For 
each manufacturer’s tray, the registered implants in one 
area of the tray were designated as available for the next 
surgery and implants outside that area were held in reserve 
for replenishing consumed implants after each surgery. For 
the UNIII tray, 50 screw positions (in a 5x10 grid) were 
scanned after every surgery, and for the LPN tray, 60 screw 
positions (5x10 grid, plus an additional row of 10) were 
scanned each time. As before, stacked plates and burr hole 
covers were transferred to a generic plastic tray for scan
ning, and between 3 and 9 positions in this tray were 
scanned, depending on how many implants were used. 

During each simulation, some implants were removed 
from the tray to represent consumption (e.g., implanta
tion), and other implants were removed then returned to a 
different location (e.g., to represent screws that were tried, 
rejected and replaced). Screws were moved using the man
ufacturers’ screwdrivers, while plates and burr hole covers 
were moved with generic surgical tweezers. To prevent bias, 
the QuanTEK scanning team member (RM) could not ob
serve what the surgical team members (JG, JA) were do
ing during surgery, and an algorithm was devised using a 
10-sided die (Chessex, Fort Wayne, IN) and random num
ber generator (Random.org, Dublin, IRL) to randomly select 
which implants were consumed or moved each time. The 
identities and locations of all implants were recorded in the 
notebook of the surgical team. At the end of each surgery, 
consumed implants were set aside, and new screws or 
plates from the replenishment area of each tray could be 
moved into empty locations in the active area of the tray. 
Because of the relatively limited number of LPN plates and 
burr hole covers compared to the other types of implants, 
those implant types were re-used instead of being set aside 
and replenished. 

VERIFICATION OF COMPONENTS CONSUMED OR MOVED 

After each cycle, trays were then returned to the QuanTEK 
scanner in order to verify the locations and identities of all 
implants and compare them with the previous scan to de
termine which had been consumed, moved, or added dur
ing the surgery and replenishment. A report was generated 
by the scanning team member that was later compared 
against the notes from the surgical team members to verify 
the accuracy of all implants’ unique identities. After the 
first post-surgical verification scan, the replenished tray 
was sent back to the surgical team to perform the next 
simulated surgery, and these two steps were repeated for 
each tray until both had undergone eight cycles of surgery 
and verification each (total of 16). Note that although only 
236 unique implants were registered, non-consumed items 
were scanned multiple times over the course of the 16 surg
eries, resulting in a total of 953 implant scans performed 
altogether. 
After the completion of the last cycle, the system was 

used once more to verify the identities of all 236 registered 
implants and return them to their exact, original locations 
in the surgical trays before returning those trays to the hos
pital staff for re-sterilization and patient use. 

RESULTS 

Over the sixteen simulated surgeries, we accurately iden
tified the location and unique identity of implants 100% 
of the time, with no errors (953 out of 953 implant scans 
performed; 853 screws, 62 plates, and 38 burr hole covers 
scanned; 95% confidence interval = 99.6 to 100%). By com
paring each scan with the previous one, the scanning team 
therefore detected with 100% accuracy the consumption of 
53 screws, 27 plates and 18 burr hole covers, the movement 
of 45 screws, 6 plates, and 4 burr hole covers, and the re
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Table 1. Components registered and used in this project, representing two manufacturers and a variety of               
materials, geometries, and surface types.      

Mfr / Set Name Type Qty. 
Used 

in 
Study 

Catalog Name (Meier 2012) Catalog 
Number 
(Meier 
2012) 

Primary Device Identifier (DI) 
(Government Accountability 
Office 2011) 

Stryker 
Universal Neuro 
III (UNIII) Kit 

Screw 25 Self-drilling screw, 1.5 x 
3mm 

56-15933 07613327090758 

Screw 63 Self-drilling screw, 1.5 x 
4mm 

56-15934 07613327090734 

Plate 11 X plate, 4-hole 53-34630 04546540684837 

Plate 7 Dog-bone plate, 2 hole rigid, 
0.6 x 12mm 

53-36212 04546540684851 

Depuy Synthes 
Low Profile 
Neuro (LPN) Kit 

Screw 20 1.5mm x 3mm Self-Tapping 
screw (Silver) 

400.843 20887587045495 

Screw 50 1.5mm x 4mm Self-Tapping 
screw (Silver) 

400.844 20887587045518 

Screw 30 1.5mm x 5mm Self-Tapping 
screw (Silver) 

400.845 20887587045532 

Screw 4 1.9mm x 3mm Emergency 
Self-Tapping screw (Blue), 
Titanium Alloy 

400.853 20887587045570 

Screw 10 1.9 x 4mm, Emergency Self-
Tapping screw (Blue), 
Titanium Alloy 

400.854 20887587045594 

Screw 6 1.9 x 5mm, Emergency Self-
Tapping screw (Blue), 
Titanium Alloy 

400.855 20887587045617 

Plate 3 Y-Plate, 1.5mm, 5 holes, 
thickness 0.5mm, Pure 
Titanium 

421.515 10887587050485 

Burr 
hole 
cover 

3 12.0mm diameter, thickness 
0.5mm, Pure Tianium 

421.525 10887587050577 

Burr 
hole 
cover 

4 17.0mm diameter, thickness 
0.5mm, Pure Titanium 

421.527 10887587050591 

plenishment of 52 screws and 12 plates. Table 2 provides 
more details of these experiments. 
This project was completed over two days, January 23 

and 24, 2024. On the first day, approximately 3.5 hours was 
spent creating and calibrating the six geometric templates 
for the component types selected. Two hours were used to 
do the initial scanning and registration of all 236 implants 
in the study to create their unique fingerprints and iden
tification numbers. Sixteen simulated surgeries were per
formed over the course of approximately six hours, with 
the turnaround time from one verification scan to the next 
taking an average of 7 minutes (minimum 3, maximum 14, 
standard deviation 3.1 minutes). 

DISCUSSION 

Our results demonstrate that under simulated conditions, 
the QuanTEK optical system was able to track the unique 
identities of very small implants (as small as screws with 
1.5mm nominal diameters, 2.84mm diameter heads) 
through a series of surgeries with 100% accuracy. These 

simulated surgeries utilized 13 different implant types from 
two different manufacturers, and results suggest that this 
technology could provide hospitals with a robust solution 
to tracking the full UDI (DI and PI) of all implantable med
ical devices used in ORs, including the smallest implants. 
Logistical questions remain for further exploration and 
consideration to expand this work to a final, generalizable, 
scalable solution, but these results suggest that the work
flow is highly feasible for being deployed in a hospital sys
tem. 
Our study also suggests that all scanning and verification 

could be performed away from the OR in a location such 
as central sterile supply. In our hospital, the central sterile 
department is where implants are first removed from their 
labeled packaging, and so it makes sense that the registra
tion process could take place there. In our project, implants 
had already been unpackaged, and we therefore assigned 
fictitious UDI’s to the implants as we registered them. In 
practice, however, a barcode scanner could be used to as
sign the actual UDI to every implant as it is removed from 
its labeled packaging. For verification and identification of 
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Table 2. Numbers of components consumed, moved, and replenished in the 16 simulated surgeries, and post-             
surgery scan accuracy.    

Set / 
Surgery 
# 

Identified in tray 
before surgery 

Consumed Moved Replenished In tray 
at end 

Accuracy of post-surgery 
verification scan 

SCREWS 

UNIII / 
1 

38 3 2 0 35 35/35 (100%) 

UNIII / 
2 

48 3 3 3 48 48/48 (100%) 

UNIII / 
3 

48 3 3 3 48 48/48 (100%) 

UNIII / 
4 

48 3 3 3 48 48/48 (100%) 

UNIII / 
5 

48 3 3 3 48 48/48 (100%) 

UNIII / 
6 

48 3 3 3 48 48/48 (100%) 

UNIII / 
7 

48 3 3 3 48 48/48 (100%) 

UNIII / 
8 

48 6 2 8 50 50/50 (100%) 

LPN / 1 60 2 1 2 60 60/60 (100%) 

LPN / 2 60 3 3 3 60 60/60 (100%) 

LPN / 3 60 3 3 3 60 60/60 (100%) 

LPN / 4 60 3 3 3 60 60/60 (100%) 

LPN / 5 60 3 3 3 60 60/60 (100%) 

LPN / 6 60 3 3 3 60 60/60 (100%) 

LPN / 7 60 3 3 3 60 60/60 (100%) 

LPN / 8 60 6 4 6 60 60/60 (100%) 

Subtotal 854 53 45 52 853 853/853 (100%) 

PLATES 

UNIII / 
1 

6 2 0 2 6 6/6 (100%) 

UNIII / 
2 

6 2 2 2 6 6/6 (100%) 

UNIII / 
3 

6 2 0 2 6 6/6 (100%) 

UNIII / 
4 

6 2 1 2 6 6/6 (100%) 

UNIII / 
5 

6 2 0 2 6 6/6 (100%) 

UNIII / 
6 

6 2 2 2 6 6/6 (100%) 

UNIII / 
7 

6 2 0 0 6 6/6 (100%) 

UNIII / 
8 

9 4 0 0 5 5/5 (100%) 

LPN / 1 3 1 0 0 2 2/2 (100%) 

LPN / 2 3 1 0 0 2 2/2 (100%) 

LPN / 3 3 1 0 0 2 2/2 (100%) 

LPN / 4 3 1 1 0 2 2/2 (100%) 

LPN / 5 3 1 0 0 2 2/2 (100%) 
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Set / 
Surgery 
# 

Identified in tray 
before surgery 

Consumed Moved Replenished In tray 
at end 

Accuracy of post-surgery 
verification scan 

LPN / 6 3 1 0 0 2 2/2 (100%) 

LPN / 7 3 1 0 0 2 2/2 (100%) 

LPN / 8 3 2 0 0 1 1/1 (100%) 

Subtotal 75 27 6 12 62 62/62 (100%) 

BURR HOLE COVERS 

LPN / 1 7 2 0 0 5 5/5 (100%) 

LPN / 2 7 2 0 0 5 5/5 (100%) 

LPN / 3 7 2 1 0 5 5/5 (100%) 

LPN / 4 7 2 1 0 5 5/5 (100%) 

LPN / 5 7 2 0 0 5 5/5 (100%) 

LPN / 6 7 2 1 0 5 5/5 (100%) 

LPN / 7 7 2 1 0 5 5/5 (100%) 

LPN / 8 7 4 0 0 3 3/3 (100%) 

Subtotal 56 18 4 0 38 38/38 (100%) 

TOTALS 985 98 55 64 953 953/953 (100%) 

implants, the FDA has required UDI to be available at the 
point-of-care with the patient (Gross and Food and Drug 
Administration 2016), but post-surgery scanning would not 
necessarily need to take place in the already crowded, high-
pressure environment of the OR or create additional work 
for surgical staff (N. Wilson, Jehn, Kisana, et al. 2020). In
formation systems would need to be interfaced to recon
cile the verification scans with the patient’s surgical reports 
to capture the full DI and PI of what was consumed. The 
distinction between implants being placed in a patient ver
sus being wasted or lost would also have to be incorporated 
into information systems as well. Building those interfaces 
should not be a major challenge, however, and in fact it 
could improve patient safety and inventory management by 
providing a validation/verification step (Tcheng et al. 2021; 
Reed et al. 2017). 
In this demonstration, each scan of a tray with 50-60 

screws or 6-7 plates or burr hole covers required between 
5 and 10 minutes, which is not insubstantial. The actual 
imaging of each implant was only approximately 1 second 
per implant, but additional time was needed for loading 
trays into the scanner, moving the scanner between im
plants, calibration, and other activities for this demonstra
tion. Given that this was the team’s first encounter with 
the specific surgical trays and parts used in this trial, we 
adopted a more tolerant and therefore slower procedure for 
imaging the implants. It is reasonable to expect that addi
tional experience with each type of implant to understand 
the tolerances required would allow further optimization 
and reduction in scanning time. For scaling up of this sys
tem, calculations would certainly be needed to assess the 
number of ORs in the hospital, the number of cases and 
trays per hour or per day that would need to be scanned, 
and the resulting number of scanners needed. Based on 
our experience within our single hospital, we believe that 

central sterile supply would be the best candidate for hav
ing the space required for these scanning workstations, and 
scanning time there should have no impact on surgical time 
in the OR. 
We note that the optical scanning technology does rely 

on the integrity and visibility of the surface being scanned. 
In our study, we intentionally used surgical tools whenever 
picking up screws, as a test of whether the contact between 
the tool and screw head would potentially alter the surface 
on a micrometer scale; however, we encountered no in
stances where this contact prevented the screws from being 
accurately identified. In preliminary work, we had also es
tablished that vTags were not affected by moist heat ster
ilization cycles. In this study, we did temporarily transfer 
stacks of plates and burr hole covers to a separate, compart
mentalized tray to make them all visible, which required 
more time than scanning screws in the surgical tray, but 
we were able to distinguish between the top and bottom 
surfaces of each one, and so we standardized how implants 
were oriented in the tray. For plates or other implants that 
could have multiple orientations in the tray, as opposed 
to screws which always have the same vertical orientation 
when placed into holes, there could potentially be a prob
lem if the optical scanner cannot see the same surface of 
the plate that was initially fingerprinted. In those cases, it 
would be necessary either to establish standard rules on 
how the surfaces are oriented for scanning, or to create ‘fin
gerprints’ on multiple surfaces. 
The primary strengths of this study are that we showed 

the reliability of this tracking system through many repe
titions and used 13 different implant types from two man
ufacturers that represented different sizes, geometries and 
materials (e.g., pure titanium vs. titanium alloy). We ac
knowledge a few important limitations. First, although the 
simulations involved removing, moving, and adding com
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ponents to the tray, these were not real surgeries, and the 
trays did not undergo a cycle of actual cleaning and moist 
heat or steam sterilization between experiments. Prelim
inary data collected after an actual surgery earlier in the 
year informed the design of this study, but it is possible that 
there could be unforeseen consequences or environmental 
factors that arise during repeated surgeries that will need to 
be evaluated in future work. We also acknowledge that, de
spite the range of implants tested in this study, further test
ing would be needed on other types of implant designs and 
materials not represented here to establish further general
izability. 
Our demonstration shows the applicability of a commer

cially available optical system for tracking the full UDI of 
small implants through hospital ORs. Such an approach 
could eliminate the current practice of directly marking UDI 
information onto an implant and scanning it in the OR, 
which is a major challenge for millions of small implants 
that are currently being granted exceptions by the FDA. Fu
ture work will be important to further establish the gener
alizability and scalability of the system for real-time hospi
tal use to fulfill the promise of improved patient safety and 
supply chain management through better identification of 
medical devices. 
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FIGURE AND TABLE CAPTIONS 

Figure 1 . Sample images of the QuanTEK system. (a) The 
QuanTEK system in use, installed on a workbench in the 
Central Sterile Supply area of the hospital. (b) Image pro
cessing algorithms convert the 2-D image of a screw head 
into a texture map that is then converted into a digital fin
gerprint. 

Figure 2 . Overview of trays used for scanning. Red out
lined areas on the surgical trays indicate the plates and the 
area of the screw grid that were designated as available for 
use in each surgery, while the purple-outlined area indi
cates the area where screws were held in reserve for replen
ishment. (a) Stryker UNIII kit. (b) Depuy Synthes LPN kit. 
(c) Generic plastic tray for overhead scanning of plates and 
burr hole covers. 

Figure 3 . Close-up photos of implant types used. (a) 
Stryker UNIII screws (nominal 1.5mm thread diameter, 
2.84mm screw head diameter), shown with objects for scale. 
(b) Stryker UNIII X-plate, (c) Stryker UNIII dog-bone plate, 
(d) Depuy Synthes LPN Y-plate, (e) Depuy Synthes LPN 
12mm burr hole cover, and (f) Depuy Synthes LPN 17mm 
burr hole cover. 

Figure 1a.   

Figure 1b.   

Figure 2a.   
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Figure 2b.   

Figure 2c.   
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Figure 3e.   

Figure 3f.   
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