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Abstract: Orthopedic implants, such as screws, are provided in a non-sterile state and must be
reprocessed before each use, therefore they may be subjected to multiple reprocessing cycles until
they are implanted in the patient. The effect of these various reprocessing cycles on the quality and
safety of these implants has been a subject of concern and discussion around the world. In this
narrative review, we discuss the four main challenges associated with supplying these non-sterile
implants to the same standard, with respect to their quality and safety, as implants that are provided
sterile: microbiological contamination (focusing on biofilm), non-microbiological contamination,
surface damage, and their acquisition in surgical trays from loaner companies.
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1. Introduction
Orthopedic implants are single-use medical devices and are an essential resource
for bone fracture-related treatment. These devices may be provided by the manufacturer
sterile, such as hip implants, or non-sterile, including plates, intramedullary nails, and
screws. Screws are usually provided in racks inside surgical trays (Figure 1), along with
the instruments necessary for the surgical procedure.
As these implants are not supplied sterile, they must be reprocessed before each use.
The racks contain many screws, often numbering in the hundreds, however as few implants
are used during a single surgical procedure, most of them remain in the racks, and are
therefore subjected to multiple reprocessing. The provided screws vary greatly in size, with
some being very small, measuring only millimeters, while other screws are of a size that is
infrequently used, and thus remain in the tray for an extensive period and are subjected to
reprocessing. Additionally, some implants have been tried in the patient but are found to be
the incorrect size and therefore returned to the surgical tray for reprocessing, while unused
screws may become contaminated during the procedure due to splashing of patients’ body
fluids/tissue and handling by the surgical team. During reprocessing, these implants
are exposed to chemical (cleaning products), physical (brushing/friction, temperature,
pressure), and biological (patient fluids, microorganisms, biofilm formation) agents. The
effect of these various contamination opportunities and exposure to reprocessing agents on
the quality and safety of these implants has been of concern around the world [1–6]. The
challenge is to supply these non-sterile implants to the same standard, with respect to their
quality and safety, as implants that are provided sterile, and this is discussed below.

This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).

Hygiene 2022, 2, 63–71. https://doi.org/10.3390/hygiene2010005

https://www.mdpi.com/journal/hygiene

giene 2022,Hygiene
2, FOR PEER
2022, 2REVIEW

2

64

A

B

C

D

Figure 1. Orthopedic
surgical traysurgical
with implantable
plates ((A,D)—view
from above),
screws
Figure 1. Orthopedic
tray with implantable
plates ((A,D)—view
from
above), screws
((A,C,D)—view
from
above
and
B—view
from
below,
showing
screws
of
different
sizes)
and
surgi- sizes) and
((A,C,D)—view from above and (B)—view from below, showing screws of different
cal instruments ((C)—view from above) provided non-sterile by the manufacturer. Images C and D
surgical instruments ((C)—view from above) provided non-sterile by the manufacturer. Images (C,D)
show the racks, which hold the screws, are not removable from the surgical box.
show the racks, which hold the screws, are not removable from the surgical box.

2. Microbiological Contamination: Biofilm
Biofilm consists of a three-dimensional aggregation of microorganisms adhered to a
substrate, interface, or each other, embedded in a matrix of extracellular polymeric
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carbohydrate, lipids, residual soap, and salt on pedicle
orthopedic screws, which were ready to use. Protein was detected on 96.3% of patientready orthopedic screws, with the majority being contaminated with more than 10 µg of
protein [16]. This is double the cutoff recommended by the UK guidelines, which is 5 µg
per side of the device [23]. Costa et al. [5] detected blood on one of eight loaner orthopedic
surgical boxes upon delivery to a Brazilian hospital. The organic matter was probably a
result of inadequate cleaning carried out by the hospital that had previously used the set.
Similar findings were reported in a study carried out in the US [3]. Surgical sets can also
become contaminated with debris if transported incorrectly, such as on an open trolley.
The presence of organic matter on loaner surgical sets during the storage at the company,
favors biofilm formation. Additionally, surface contaminants, such as lipopolysaccharide
and machine oil, on orthopedic screws have been shown to inhibit the osseointegration
process (in vitro) [24–26].
While not common, the practice of wiping surgical instruments with alcohol to remove
excess organic matter can occur prior to cleaning [6]. Alcohol was found to fix haemoglobin
and increase cleaning difficulty [27]. A similar effect occurred when arterial forceps were
contaminated with S. aureus and treated with alcohol [28]. Additionally, forceps contaminated with blood and S. aureus or Pseudomonas aeruginosa and treated with 70% ethanol by
using (a) one alcohol moistened wipe for each forceps, or (b) alcohol moistened wipe for
every 4 forceps, or (c) spray on each forceps showed a significant increase in the amount of
residual protein compared to those forceps treated with water only. These results lead to
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Surface damage on orthopedic screws has also been verified [16,22]. McAuley [29]
showed the correlation between the increase in the number of reprocessing of implants
(screws) and the occurrence of corrosion and deterioration. Damage on implants favors
biofilm formation, as imperfections provide shelter for microorganisms and organic
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Agarwal et al. [22] found that 19 h would be theoretically necessary to reprocess
pedicle screws if the manufacturers’ instructions for use were followed, making this a
barrier to proper reprocessing. In contrast, direct observation in a Sterilization Service
Unit found reprocessing took less than 2 h and this possibly represents the reality in many
sterilizing units worldwide.
Ultrasonic cleaners are effective and recommended for cleaning hard-to-reach parts of
surgical instruments/medical devices, including orthopedic screws [32], however, huge
variations and challenges are still presented. A major challenge is the absence of instructions for reprocessing these implants, as highlighted by Alfa [33], who assessed seven
orthopedic screw manufacturers’ instructions for use. Alfa found that the instructions for
use do not clearly state how these implants should be reprocessed, for example, only two
manufacturers presented validated cleaning protocols, and only two manufacturers recommended that the screw racks should be removed from the surgical box for cleaning. The
author also highlighted that screw racks are not designed for cleaning, but for presentation
and easy removal by the surgeon. This underscores how emphasis on instrument design
for ease of use can increase the difficulty and quality of reprocessing.
A recent decontamination work systems analysis of sterile processing by Alfred et al.
reported about 2% of surgical trays were spotted as instant failures in sterile reprocessing
and returned for re-cleaning decontamination [34]. The authors identified 21 different performance shaping factors, 30 potential failures, 16 types of process variance, and 10 outcome
variances in decontamination [34], highlighting the huge challenges presented.
5. Initiatives to Solve This Issue and Further Challenges
In summary, many studies have shown that implants, such as orthopedic screws
subjected to multiple reprocessing cycles, readily become contaminated by biofilm [5],
viable bacteria, protein [16,17], and other organic and inorganic matter. Multiple cycles
of processing also damage their surfaces [16,22], which increases the risk of additional
contamination. In addition, it is difficult to reprocessing these devices adequately [22].
Therefore, the concern is: how to guarantee the quality and the safety of these implants?
In Scotland [3] and Germany [4], the answer to this issue had been to use only implants
that are provided sterilized, which eliminates the problems arising from the reprocessing. In
Scotland, the use of sterile supplied implants was recommended about 15 years ago [3], and
one of the factors considered for this change is the negative effect of multiple reprocessing
on the implant quality.
European Union regulation 2017/745 [35] requires that whoever reprocesses a singleuse medical device, which includes orthopedic implants, must assume the obligations
incumbent on the manufacturer. Furthermore, the safety and performance of reprocessed
device must be equivalent to a new device when first supplied by the manufacturer.
Moreover, this regulation states that the medical devices must be identified with a “unique
identification code” to allow tracking, and that the deadline for adapting services to this
regulation is 2023 for those classified in the class II, in which orthopedic screws belong.
In addition to patient safety, which is paramount, other factors must be considered
when discussing the acquisition of implants delivered sterile or non-sterile, as both types
of implant delivery have advantages and disadvantages, such as the cost, the time, and the
traceability (Figure 5).
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6. Conclusions
The use of implants provided as non-sterile should be phased out, as multiple reprocessing increases the risk of surgical infections, which incur increased social and economic
costs. Investment on individual sterile screw package, strategies to improve aseptic opening
of sterile screw packages, and helping surgeons to precisely estimate the screw size to use
would be valuable and decrease both patients’ surgical infection risks and costs related to
screw reprocessing and acquisition.
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