International Journal of Orthopaedics

Online Submissions: http: //www.ghrnet.org/index.php/ijo
doi: 10.17554/j.issn.2311-5106.2021.08.421

Int. J. of Orth. 2021 August 28; 8(4): 1512-1517
ISSN 2311-5106 (Print), ISSN 2313-1462 (Online)

ORIGINAL ARTICLE

Technique and Outcomes of Antibiotic Impregnated
Polymethylmethacrylate Coated Plates

Devon M. Myers', DO; Hayden B. Schuette', DO; Sean P. McGowan', DO; Braden J. Passias', DO; Robert Patter-

son’, BS; Benjamin C. Taylor’, MD

1 Department of Orthopedic Surgery, OhioHealth Grant Medical
Center, Columbus, OH, USA;

2 Ohio University Heritage College of Osteopathic Medicine,
Athens, OH, USA;

3 Orthopaedic Trauma and Reconstructive Surgeons, Department of
Orthopedic Surgery, OhioHealth Grant Medical Center, Columbus,
OH, USA.

Conflict-of-interest statement: The author(s) declare(s) that there
is no conflict of interest regarding the publication of this paper.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative Com-
mons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms,
provided the original work is properly cited and the use is non-
commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Correspondence to: Devon M. Myers, D.O., 285 East State
Street, Suite 500, Columbus, OH, 43215, USA.

Email: devon.myers@ohiohealth.com

Telephone: +1-314-607-6811

Fax: +1-614-566-8098

Received: June 5, 2021

Revised: July 3, 2021

Accepted: July 6 2021

Published online: August 28, 2021

ABSTRACT

AIM: The purpose of this article is to describe a technique of coating
hardware with antibiotic impregnated polymethylmethacrylate
(PMMA) and to report the clinical series results.

MATERIALS AND METHODS: Adults were retrospectively
identified that underwent surgical stabilization of long-bone fractures
with an antibiotic impregnated PMMA coated plate. Exclusion
criteria included patients with less than one year follow-up, those
with no documentation of radiographic union, and those with
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incomplete documentation on the type and amount of antibiotics used
in the PMMA. Patient demographics, injury characteristics, as well
as perioperative variables were collected from the electronic medical
records.

RESULTS: Six patients met inclusion and exclusion criteria are were
included in this retrospective case series. Five patients were male.
Four of the patients were treated for humerus fractures, one for an
ulna fracture, and one for a both bone forearm fracture. Three of the
patients had a history of an open fracture. Five of the patients went
on to have fracture union with no evidence of persistent infection
following antibiotic impregnated PMMA coated plating. One patient
had persistent infection resulting in a nonunion requiring repeat
operation.

CONCLUSIONS: Antibiotic impregnated PMMA plating is an
effective technique that may prove useful in cases of orthopedic
hardware infection requiring further fixation. The use of this
technique in a prophylactic setting for patients at high risk of
infection and poor outcomes may prove to be of an even greater
clinical significance.

Key words: Antibiotic plating; Septic nonunion; Polymethylmethac-
rylate; Prophylactic antibiotic plating
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INTRODUCTION

Infection following fracture fixation is a devastating orthopedic
complication. Published rates of deep infection following internal
fixation are around 5%, Hardware infections can present acutely
or in the setting of chronic fracture nonunion with infection
noted as the cause of 40% of nonunions!*. Both situations present
unique challenges to the treating surgeon and increase the risks of
osteomyelitis, implant failure, hospital length of stays, reoperation



and amputation"*¥. In addition, treatment may cost upwards of
$15,000 per patient!'’. Populations at risk for poorer outcomes
include age > 50, females, BMI > 30 and those with OTA Type C or
open fracturest®*¢l.

Current treatment recommendations for deep hardware infection
include removal of implants, debridement, lavage, intravenous
antibiotics and possible antibiotic bead placement!). It has been
well established that removal of infected hardware and meticulous
debridement is paramount in decreasing the biofilm burden that
contribute to these infections!>"!?. While some studies have shown
these techniques do have acceptable success rates, results are worse
specifically with orthopedic plate hardware!'?.. Also of concern are
cases where acute infection may compromise fracture stability with
removal of hardware. Qui et al® demonstrated an average time to
debridement of only 15 days and Conway et al®® reaffirmed concerns
that need for early hardware removal may compromise long term
fracture stability and increase chances for malunion or nonunion.

The use of antibiotic impregnated polymethylmethacrylate
(PMMA) as an antibiotic carrier and delivery vehicle has been
previously described!'>'%, This technique has been used to fill large,
bony defects in the setting of infection and has more recently been
utilized in PMMA antibiotic eluting intramedullary nails for long-
bone nonunions with high rates of infection eradication and fracture
union!'”??!, Given the aforementioned challenges with infected
plate fixation, a few authors have recently reported success with
similarly coated PMAA antibiotic plates. These early reports have
been encouraging, with high rates of infection eradication, union

[89.16.17.23] "This technique may be

and improved clinical outcomes
particularly beneficial in the setting of an acute hardware infection,
or in that of an infected nonunion, where PMMA coated plates
may stabilize the fracture site until the infection can be eradicated.
Furthermore, this technique may be particularly useful in the setting
of peri-articular fractures where antibiotic coated intramedullary nails
may not be an option!'”. Additionally, this technique may be useful as
a prophylactic agent against infection in grossly contaminated open
fractures. In this review, we describe the technique, and associated
outcomes, of the use of an antibiotic impregnated cement coated
plate construct utilized in a case series of orthopedic trauma patients.

METHODS

Following institutional review board approval and informed consent,
a retrospective chart review was performed from our level I trauma
center’s database. There were no relevant conflicts of interest or
funding to note before data collection. Patient 18 years of age and
older who had undergone antibiotic impregnated PMMA plating
for a long bone fracture between January 2015 and January 2020
were included in this study. Exclusion criteria included patients
with less than one year follow up, those with no documentation
of radiographic union or nonunion, and those with incomplete
documentation regarding the type and amount of antibiotics used to
mix with the PMMA. Patient demographics, injury characteristics, as
well as preoperative, intraoperative, and postoperative variables were
collected from the electronic medical records.

Technique Overview

All patients were brought to the operating room and prepped and
draped in standard fashion. If external fixator was previously placed,
it was prepped in and removed in a similar sterile manner. Prior
approaches were used if possible, and standard approaches for the
humerus and forearm were utilized if necessary. Following sharp
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dissection, the fracture site and, in some cases, hardware were
identified. If concern for infection existed, culture swabs and tissue
cultures were obtained. The site of injury was then thoroughly
debrided and irrigated, ensuring a clean wound free of contamination.
Attention was then turned to fracture reduction, which was achieved
with bony manipulation and provisional stabilization. In some cases,
large bony defects were present, necessitating cement spacer insertion
or acute limb shortening in order to achieve clean fracture edges.

Next, the antibiotic impregnated PMMA plate was constructed.
One unit of PMMA cement was mixed with two grams of
vancomycin powder and 2.4 grams of either tobramycin or
gentamicin powder. Based on surgeon preference, three milliliters
of methylene blue was added for easier future cement identification.
Once the cement mixture had thickened and allowed for adequate
handling, it was applied in a thin layer over the surface of the chosen
orthopedic plate(s). Locking towers were used to cover screw holes
that were going to be used in the eventual construct, so that cement
would not prevent screw heads from appropriately contacting the
plate (Figure 1). It is important to ensure no cement is retained
within the chosen holes using a freer elevator or hemostat. The plate
was then positioned and fixated about the fracture site, ensuring
maintenance of anatomic reduction (Figure 2). After satisfactory
placement was confirmed on fluoroscopy, the wound was irrigated
and closed in layered fashion.

RESULTS

A total of six patients were identified, all of which had humeral or
forearm shaft fractures. Three patients were treated for hardware
infection or septic nonunion as identified by history, physical
examination, radiographs, and laboratory markers. Three other
patients were prophylactically treated at the discretion of the surgeon
in clinical scenarios deemed at high risk for infection. The majority of
participants were male and <50 years old. Complete demographic and
surgical information regarding each patient can be found in Table 1.

Figure 1 The plate is coated with antibiotic impregnated PMMA with
locking guide towers in place to prevent cement from disrupting screw
hole locking mechanism.
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Figure 2 Demonstrates plating of ulnar shaft fracture using antibiotic
coated PMMA mixed with methylene blue.

Antibiotic PMMA plating for infection

Three patients were identified as having infections involving
orthopedic hardware after fracture fixation. The first patient was a
43-year-old male who initially underwent open reduction and internal
fixation (ORIF) of a closed humeral shaft fracture and developed
a postoperative infection. Intraoperative cultures grew Yokenella
regensburgei. Although there were signs of immature callus, the
fracture was not healed on intraoperative examination. For this
reason, an antibiotic impregnated PMMA plate was placed. Six weeks
of IV antibiotics were then prescribed post-operatively and no further
infections were noted. Unrestricted weight-bearing was allowed at
three months and fracture union was noted at five months. A 25-year-
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Figure 3 Anteroposterior radiograph of left humerus demonstrating
humeral shaft nonunion after initial open reduction internal fixation.

i
Figure 4 Anteroposterior radiograph of right forearm status post ulnar

shaft open reduction and internal fixation demonstrating hardware
loosening and loss of reduction.

old female also sustained a closed, midshaft humerus fracture which
was initially treated with ORIF. Throughout her post-operative period
there was concern for nonunion (Figure 3) and revision ORIF was
performed approximately eight months after her initial surgery. A 4.5
mm dynamic compression plate was used at that time. Three weeks
after her revision ORIF she was noted to have a surgical site infection
and she was taken back to the operating room for irrigation and
debridement, where cultures grew Staphylococcus aureus. Antibiotic
impregnated PMMA 4.5mm dynamic compression plate was used
to maintain fracture stability at prior nonunion site. She received
intravenous cefazolin and rifampin for 60 days after surgery. Fracture



Table 1 Demographic and Surgical Characteristics.
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paient age [Sex [BMI [smoker? (S8 [pncurey (P08 [Postive | |Fluorosapy et |Urlon e [Retu
(GA) (min)
1 43 M |385 |N Humerus |N Y Y 116 6.3 13 Y N N
2 25 |F 221 Y Humerus |N Y Y 43 8 23 Y N N
3 18 |[M 366 |N Humerus |Y (2) N N 156 92 15 Y N N
4 20 M 253 |N Humerus |Y (3b) Y N 152 8 26 N N Y
5] 50 |M 323 |N BBFA Y (3a) Y N 170 17 13 Y N N
6 61 M 293 |Y Ulna N Y Y 70 6.4 11 Y N N

Abx: Antibiotic; BBFA: Both-bone forearm; GA: Gustillo-Anderson open fracture grade; OR: Operating room; WB: Weightbearing.

union was noted at 15 weeks post-operatively and full weight-bearing
was achieved at 23 weeks with no further infection or complications.
Lastly, a 61-year-old male initially sustained a closed ulnar shaft
fracture that was treated with ORIF. Approximately eight weeks later,
there was concern for hardware infection and septic nonunion and
he was taken back to the operating room. Screw loosening and loss
of fracture reduction were noted (Figure 4), and cultures obtained
intraoperatively grew Enterobacter cloacae. At that time a 3.5mm
locking compression plate was coated with antibiotic impregnated
PMMA cement and applied after adequate reduction of the fracture.
Post-operatively, fracture union was achieved, and full weight-
bearing was allowed at 11 weeks. No further infections were noted,
and no additional surgery was required.

Prophylactic antibiotic PMMA plating

Three patients sustained open fractures including an 18-year-old male
with a Gustillo-Anderson Grade II humeral shaft fracture, a 20-year-
old male with a Grade IIIb humeral shaft fracture and a 50-year-old
male with a Grade Illa both-bone forearm fracture. All three open
fractures were grossly contaminated at the time of injury. All received
cefazolin within one hour of arrival, with both Grade III fractures
also receiving gentamicin. Both Grade III fractures underwent
emergent irrigation and debridement with external fixation. At initial
surgery, the Grade II humerus fracture underwent irrigation and
debridement with placement of two small fragment recon plates
coated with antibiotic impregnated PMMA cement in order to obtain
stability in multiple planes. Both Grade III fractures were converted
from external fixation to antibiotic PMMA plates within one week of
initial injury. A 9-hole 3.5mm extra-articular distal humerus locking
plate covered in antibiotic PMMA cement was used to stabilize the
humeral shaft fracture while 3.5mm locking compression plates
were coated in antibiotic impregnated PMMA and used on the
radius and ulna for the both-bone forearm fracture. No signs of acute
infection were identified prior to antibiotic PMMA plating in this
population, therefore no cultures were obtained. At an average of
14 months follow-up, there were no superficial or deep infections
noted. The 20-year-old male who initially sustained the open Grade
IIIb humeral shaft fracture did require revision ORIF to address an
atrophic nonunion eight months post-operatively but eventually went
on to union. Of note, there was no evidence of superficial or deep
infection at time of revision ORIF. Both of the other open fractures
treated prophylactically with antibiotic coated PMMA plates went on
to union without complication (Figure 5). Full weight-bearing was
allowed at an average of five months.

DISCUSSION

Fracture fixation complicated by infection can present significant
challenges to the patient and treating surgeon. Despite advances

Y

Figure 5 Side-by-side anteroposterior humerus radiographs, both status
post antibiotic PMMA plating that show evidence of fracture union with
maintenance of hardware.

in technique and implant technology, rates of orthopedic hardware
infection still average around 5%!'*). Standard of care in these cases
is removal of hardware combined with local irrigation, debridement
and fracture stabilization. The need for repeat operations leads to
longer hospital stays, increased healthcare expenses and increases
the likelihood of poorer patient outcomes!'*%, While it is important
to have options available to combat these difficult surgical problems,
infection prevention is paramount and the introduction of novel
antibiotic PMMA plating techniques may play an important role in
both treating septic nonunions, as well as, infection prophylaxis in
high risk patients.

PMMA has been historically described as a local delivery vehicle
for antibiotics in cases of infection!'*'>?4], Traditionally, antibiotic
PMMA mixtures were delivered locally with beads or used in
situations where large bony defects were present. Results have been
quite encouraging in these settings, with eradication rates reaching
100% in some studies!"*). While there has been some concern that
antibiotic elution is slow when mixed with PMMA, this notion has
been downplayed by others!'*?*., One other concern with antibiotic
PMMA is the risk of local antibiotic resistance®!. While theoretically
possible, most local concentrations of antibiotic PMAA appear to
be high enough to inhibit return of bacterial growth; more research
on this topic is necessary to understand the long-term effects
of antibiotic PMAA dosing and concentration on risk for local
resistance. Due to the past successes of local antibiotic PMMA as
well as antibiotic PMMA eluting intramedullary nails, it has more
recently been explored as an adjunct to treating orthopedic hardware
infections!'®??, Along these lines, several authors have described
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good clinical outcomes with the use of antibiotic PMMA coated
orthopedic plates®*!1¢23,

Antibiotic PMMA plating may be particularly useful in acute
hardware infections after fracture fixation, which unfortunately,
often occur within the first several months after placement>*%,
This presents a significant challenge in that many fractures are
incompletely healed at this stage. While initial irrigation and
debridement are essential in removing biofilms covering existing
hardware, reduction and restoration of length, alignment and
rotation of the fracture must remain an important long-term
consideration®!“!1¢], Tn our series three patients had local infections
after fracture fixation and were treated with removal of infected
hardware, irrigation and debridement and placement of an antibiotic
impregnated PMMA plate. All three patients went on to fracture
union, with no evidence of hardware failure and no need for repeat
operations. No patient had further issues with superficial or deep
infection. All were able to resume full weight-bearing and two
patients returned to their previous work duties. All three patients were
given adjunctive IV antibiotics after their revision procedure, which
prior authors have suggested works synergistically with the local
effects of antibiotic PMMA!I"?l.

Furthermore, antibiotic PMMA plating may also be useful in the
prevention of infection. It is well documented that open fractures
carry higher rates of infection, leading to increased rates of systemic
antibiotic use, reoperation and amputation'**!. Prophylactic fixation
using an antibiotic impregnated PMMA plate is a novel technique
that offers a sensible way to avoid these risks, particularly in
contaminated, high grade open fractures. While there is little
comparative data available from other studies, we demonstrated
no superficial or deep infections in three patients with Grade II or
IIT open fractures for whom the antibiotic PMMA plate was used
prophylactically. One patient did require revision ORIF for an
atrophic humeral shaft nonunion, without associated infection. His
soft tissue envelope had healed appropriately by this time which
allowed a much more controlled revision surgery. While a formal
cost analysis was not undertaken, the cost of initial cement and local
antibiotic use in high-risk patients seems to have clear financial
benefits compared to the cost associated with revision surgery and
treatment of septic nonunions. The use of antibiotic impregnated
PMMA plating as prophylaxis against infection in the setting of high-
grade open fracture may represent a valuable adjunct to achieving
improved outcomes and decreasing associated infection and
healthcare costs.

In conclusion, antibiotic impregnated PMMA plating is an effective
technique that may prove useful in cases of orthopedic hardware
infection requiring further fixation. The use of this technique in a
prophylactic setting for patients at high risk of infection and poor
outcomes may prove to be of an even greater clinical significance. It
is with strong recommendation that larger, prospective investigations
be conducted to further delineate the clinical utility of this technique.
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