European Journal of Orthopaedic Surgery & Traumatology (2021) 31:1321-1327
https://doi.org/10.1007/500590-021-02871-y

ORIGINAL ARTICLE q

Check for
updates

Treatment of tibial plateau fractures with a novel fenestrated screw
system for delivery of bone graft substitute

Alexander L. Telis' - Douglass W. Tucker?® - Edward Compton? - Donald J. DeSanto? - John J. Carney? -
John A. Scolaro® - Geoffrey S. Marecek® - Adam K. Lee”

Received: 19 November 2020 / Accepted: 8 January 2021 / Published online: 24 January 2021
© Springer-Verlag France SAS, part of Springer Nature 2021

Abstract

Purpose The purpose of this study was to describe the incidence of subsidence in patients with AO/OTA 41 (tibial plateau)
fractures which were repaired with a novel fenestrated screw system to used to deliver CaPO4 bone substitute material to
fill the subchondral void and support the articular reduction.

Methods Patients with unicondylar and bicondylar tibial plateau fractures were treated according to the usual technique of
two surgeons. After fixation, the Zimmer Biomet N-Force Fixation System®, a fenestrated screw that allows for the injec-
tion of bone substitute was placed and used for injection of the proprietary calcium phosphate bone graft substitute into the
subchondral void. For all included patients, demographic information, operative data, radiographs, and clinic notes were
reviewed. Patients were considered to have articular subsidence if one or more of two observations were made when compar-
ing post-operative to their most recent clinic radiographs: >2 mm change in the distance between the screw and the lowest
point of the tibial plateau, >2 mm change in the distance between the screw and the most superior aspect of the plate. Data
were analyzed to determine if there were any identifiable risk factors for complication, reoperation, or subsidence using
logistic regression. Statistical significance was set at p <0.05.

Results 34 patients were included with an average follow-up of 32.03 +22.52 weeks. There were no overall differences
between height relative to the medial plateau or the plate. Two patients (5.9%) had articular subsidence. Six patients (15.2%)
underwent reoperation, two (6%) for manipulations under anaesthesia due to arthrofibrosis, and four (12%) due to infections.
There were 6 (19%) total infections as 2 were superficial and required solely antibiotics. One patient had early failure.
Conclusion Use of a novel fenestrated screw system for the delivery of CaPO4 BSM results in articular subsidence and
complication rates similar to previously published values and appears to be a viable option for addressing subchondral defects
in tibial plateau fractures.

Level of evidence 1V.
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Introduction

Treatment goals for tibial plateau fractures include restoring
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load transfer between the femur and tibia. Failure to recreate
a stable, well-aligned knee can result in adverse outcomes
such as knee pain, post-traumatic arthrosis, and the need for
total knee arthroplasty [1-3].

Maintaining articular reduction to union can be challeng-
ing. Many materials have been proposed to fill the subchon-
dral void and support the articular reduction: autograft, allo-
graft chips or struts, and various bone substitute materials
(BSMs) [4-6]. Calcium phosphate (CaPO4) is widely used
due to its compressive strength in biomechanical [7-9] and
clinical series [10—14]. Traditionally, CaPO4 is available in
multiple forms, including chips, putty, or a viscous inject-
able through a drill hole in the proximal tibial metaphysis.
However, during injection egress of the material can prove
problematic; some material is often extruded back through
the injection portal, thus reducing available volume in the
defect. Moreover, intra-articular material seepage in the
post-operative period may necessitate a revision operation
[15, 16].

A novel CaPO4 delivery system intended to optimize the
delivery of subchondral bone void fillers is commercially
available. The N-Force Fixation System (Zimmer Biomet,
Warsaw, IN) consists of 4.0- and 7.0-mm fenestrated screws
intended to deliver a proprietary CaPO4 bone substitute
material (N-Force Blue, Zimmer Biomet, Warsaw, IN) along
the screw and into bone defects. However, no data exist to
guide surgeons in the potential adoption of this new technol-
ogy. We sought to define the effectiveness of the system in
preventing articular subsidence and to define complications
associated with its use.

Methods

We identified patients treated for tibial plateau fractures
between August 2016 and October 2018 at three hospitals.
Thirty-four patients underwent open reduction internal fixa-
tion of tibial plateau fractures with standard plate and screw
constructs and fenestrated screw CaPO4 delivery system
(OTA/AO 41) by two surgeons (JAS, GSM) and at least
one follow-up visit. These fractures represent a series of
all patients treated with the device during this time period,
beginning with the first use of the device. The decision to
use the device was made at the discretion of the operating
surgeon. Typically, a contained void (closed space without
comminution through which the BSM can egress) with an
adjacent surface amenable to screw placement (the screw
must be placed orthogonal to the surface to avoid prema-
ture egress of BSM) was considered optimal. In fractures for
which an “open-book” approach to reduction or those with
extensive cortical comminution, alternate defect manage-
ment strategies were employed. Patient demographic and
injury information was recorded. Clinic notes were reviewed
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for clinical information and complications. We identified
all-cause reoperation, superficial infection (requiring antibi-
otics), deep infection (requiring surgical debridement), and
nonunion.

Procedure

After open reduction internal fixation was performed
according to the surgeons’ standard techniques, the defect
was assessed for use of the fenestrated delivery system. The
fenestrated screw is ideally placed through the bone defect.
The screw cannot be placed through a plate at this time. For
use in the proximal tibia, 4.0 mm screws was chosen in all
cases. A 1.2 mm guidewire was placed in the desired loca-
tion and assessed fluoroscopically. The desired screw length
was measured, and the pilot for the screw was drilled over
the wire. The injection system consists of an interlocking
cannulated system; the first cannula was threaded onto the
head of the screw prior to insertion which was then inserted
until the cannula was flush with the bone. At this point, the
BSM was mixed according to the manufacturer’s specifica-
tions. The second injection cannula was then threaded into
the previously inserted cannula: screw construct, allowing
for injection of BSM under fluoroscopic control. Once the
BSM was fully injected, both cannulas were removed and
the screw was fully seated flush with the cortex (Supple-
mental Fig. 1). No other bone graft was used. The joint was
inspected via direct visualization for extravasation of the
cement, though none was observed. Closure then proceeded
according to the surgeons’ preferred technique. Patients were
kept non-weight bearing for 12 weeks according to the sur-
geons’ typical protocol. No patients underwent arthroscopy
postoperatively to evaluate for cement extravasation. Unlim-
ited range of motion was permitted except with associated
tubercle fractures.

Radiographs obtained immediately post-operative and
at final follow-up were used to identify articular subsid-
ence. Subsidence was determined as a change in articular
height relative to the medial plateau >2 mm or a change
in height of the articular surface relative to the proximal
aspect of the plate of >2 mm. A single positive criterion
was sufficient to qualify as subsidence. Measurements were
performed on a picture archiving and communication sys-
tem (PACS) (Synapse, Fujifilm, Tokyo, Japan, and AGFA
Impax, Agfa-Gevaert, Mortsel, Belgium) by an orthopaedic
traumatology fellow (AT) and senior resident (DD) in previ-
ously described methodology [15]. A sample measurement
is shown in Fig. 1.

Statistics

Statistics were performed using SPSS software (IBM,
Armonk, NY) and Prism GraphPad (Graphpad Software,
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Fig. 1 Representative images for measures of height relative to the
medial plateau and height of plate AP XR of the right knee dem-
onstrating the method of measurement for a Height relative to the

La Jolla, CA). We utilized a Student’s t-test for continuous
variables. A Fisher’s exact test was used to compare cat-
egorical variables. Univariate and multivariate analysis was
performed. Significance was placed at p <0.05.

Results

34 patients were included in this study. The mean age of
the patients was 54.06 + 14.57 years. There were 19 (55%)
women. Mean body mass index (BMI) was 28.11+9.88. The
average time to surgery was 14.19+14.16 days. Five patients

B

Height Relative to Plate: 2.mm

medial plateau and b height related to plate. These measurements
were used to calculate subsidence with >2 mm qualifying as a patient
with subsidence

(15%) had a meniscal injury in addition to their tibial plateau
fracture that was repaired at the time of surgery. Medical
comorbidities included osteoporosis (n=2, 6%), tobacco use
(n=9, 21%), diabetes mellitus (n =6, 18%), renal disease or
chronic kidney disease (n=3, 9%), anxiety (n=3, 9%), and
depression (n=2, 6%). Demographic information is avail-
able in Table 1.

The most common mechanism of injury (Supplemen-
tal Table 1) was fall from height (n=9, 26%), followed by
pedestrian struck by auto (n=38, 24%). All fractures were
classified according to the Schatzker and OTA/AO classi-
fication systems [17, 18]. The predominant fracture types

Table 1 Patient demographics and comorbidities for patients treated with N-force

Demographic Number Percent (%)
Female 19 56
Right side 19 56
Meniscus injury 5 15
1 N-Force Screw 21 62
Comorbidities
Tobacco use 7 20.59
Diabetes mellitus 6 17.65
ESRD/CKD 3 8.82
Anxiety 3 8.82
Depression 2 5.88
Hypothyroidism 2 5.88
Mean Standard deviation Median Minimum Maximum
Age 54.06 14.57 55.00 27.00 87.00
BMI 28.11 9.88 26.50 16.36 73.63
Time to surgery 14.19 14.16 10.00 1.00 54.00
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were Schatzker Il (n=15, 44%) and 41B3 (n=15, 44%). A
full analysis of fracture type is available in Supplemental
Table 1. There were no open fractures.

Mean follow-up was 32.03 +22.52 weeks. Average
time to weight bearing was 11.72 +2.67 weeks (Table 2).
Mean overall height relative to the medial plateau postop-
eratively was 2.25 +2.05 mm (Fig. 2). At final follow-up, it
was 1.86+2.01 mm (change of 0.39 +1.43 mm) (Fig. 2c,
d). The mean articular height relative to the plate was
4.42 +3.19 mm post-operative and 3.25+3.41 mm at final
follow-up (change of 1.16 +2.38 mm). There was no signifi-
cant difference between mean post-operative and final val-
ues for either measurement (p=0.88 and 0.19, respectively).
Average range of motion at most recent follow-up (n=18)
was 119°+17.4°.

Overall, six patients (15.2%) underwent reoperation
(Table 2). Reasons included two (6%) manipulations under
anaesthesia due to arthrofibrosis and four debridements for
deep infection. There were six (19%) total infections; two
were superficial and required solely antibiotics. One of the
operative treated patients had implant removal during sec-
ondary surgery due to infection. One patient had early fail-
ure. Two patients (5.9%) had articular subsidence at 11 and
24 weeks postoperatively. Figure 2 shows representative AP
radiographs of patients with no measurable subsidence (A),
and a patient with subsidence (B). A summary of patients
with subsidence is found in Table 3.

Discussion

The rate of articular subsidence for a wide variety of tibial
plateau fractures treated with a novel fenestrated screw
for the delivery of CaPO4 BSM was 5.9%. This rate is
superior to a large randomized-controlled trial by Russell
et al. that reported 9% subsidence in 69 patients with a
similar variety of fracture types. However, as a prospec-
tive trial, they excluded patients with diabetes and other

comorbidities, while we included all patients who had
been treated with this device. Similar exclusion criteria
would put our rate at 3.4% (1/29).

More recent studies have reported lower rates. A 2014
study of Schatzker II fractures reported no subsidence in
77 patients [15]. A second study in 2017 reported 3.4%
subsidence (1/29) across fracture types but was a single-
centre, single-surgeon cohort [11]. Comparison among
these studies is challenging owing to the different BSM
used. We also utilized very strict criteria for subsidence
while many studies only used one measurement or grad-
ing technique.

It is important to identify the BSM used in these studies,
as each has different mechanical properties and compressive
strength. The BSM in this study (N-Force Blue, Zimmer
Biomet, Warsaw, IN) is designed specifically to be inserted
through the N-force fenestrated screw. As such it has unique
flow properties but lower compressive strength (7-9 MPa)
compared even to other BSM from the same manufacturer
(28-42 MPa). This suggests that perhaps other properties
besides compressive strength such as flow, volume, percent-
age fill of the defect, or administration technique may play a
part in preventing subsidence. Further study should attempt
to characterize how these factors may influence success.

The complication rate in our study was comparable to
previously published rates, which range between 2 and
23.6% [19-23]. We report a mix of superficial (n=2) and
deep/operative (n=4) infections, and of these superficial and
deep infections only one required implant removal. Only
one patient in our cohort went on to delayed union and this
was likely due to several medical comorbidities known to
limit the healing process (diabetes mellitus, chronic kidney
disease with end organ damage). This nonunion rate of 3% is
within the range reported (0-10%) [19, 22, 24, 25]. Studies
have shown a range of 0-20% [10, 19, 21, 22, 24] of tibial
plateaus require reoperation for reasons such as infection,
malalignment, or arthrofibrosis. With our limited cohort, our
study results were comparable with previous investigations.

Table 2 Outcomes and complications for patients treated with N-force screw

Outcome Mean Standard deviation Median Min Max
Overall follow-up (weeks) 32.03 22.52 25.07 2.14 103.86
Time to weight bearing (weeks) 11.72 2.67 12.00 6.00 20.00
Range of motion 118.89 17.37 115.00 90.00 140.00
Complication Number Percentage
Infection 6 18.75%
Reoperation 5 15.15%
Subsidence 2 5.88%
Arthrofibrosis 2 5.88%
Nonunion 1 3.45%
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Fig.2 Representative Images and overall measures of subsidence
for patients receiving N-force screw. a Injury, post-operative and
follow-up AP images of patient who received N-force screw and
did not suffer from subsidence. b Injury, post-operative, and follow-
up AP images of patient who received N-force screw and suffered

The strengths of this study include that this was a series
of patients with a wide variety of fracture types and comor-
bidities making the results generalizable. Additionally, this
series includes the surgeons’ initial cases using this system
suggesting that this system may have a short learning curve
as indicated by our low rate of subsidence. Additionally, a
strict criterion for subsidence was used.

There are several limitations to the study. It was a retro-
spective review and therefore subject to selection bias as the
decision to use this delivery system was made at the discre-
tion of the treating surgeons, and the use of the screws was
heterogenous varying the exact number and location of the
screws. Therefore, patients who may have been ideal can-
didates, presented problematic scenarios, or benefited from
a particular construct may not have been included, which
may limit generalizability of the findings. The radiographs

B Subsidence

Injury Post-operative

Follow Up

Height Relative to Plate

Height (Mm)

2=

Post Operative

Follow Up

from subsidence. ¢ Mean height relative to the medial plateau for
patients immediately post-operative and at most recent follow-up for
patients treated with N-force (p>0.05). d Mean height of the plate
for patients immediately post-operative and at most recent follow-up
for patients treated with N-force (p > 0.05)

were not taken with magnification correction or according
to a specified protocol, which may have masked smaller dif-
ferences, and accounts for the mean subsidence being less
in the final post-operative radiographs than initial. However,
we compared radiographs taken within the same institutions
with similar protocols in all settings with relatively consist-
ent values suggesting that there was little change between
initial and final follow-up. Additionally, we did not use
advanced imaging in the post-operative period to assess
proper placement within the subchondral defect, or subse-
quent subsidence. This study was underpowered for one of
the outcome measures. A post hoc power analysis revealed
that 165 patients would be needed to detect a 2 mm differ-
ence in height relative to the medial plateau when comparing
pre- and post-operative subsidence, which was not feasible
in this early cohort. Additionally, this new technology has
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Table 3 Characteristic of patients who suffered subsidence

Time to

Change in height

Change in
height to
plate

Other complications

Fracture pattern Time to
(AO, Schatzker)

Tobacco Comorbidities

Age Diabetes

Gender BMI

Patient

subsidence
(Weeks)

to medial plateau

surgery
(Days)

24

11

24
0.9

-49

Minimal settling at lateral plate 3.4

Malunion

54
10

ESRD, HTN, HLD 41B3.1, 11

Type Two No
No

52

Patient 1 Female 24.8

Patient 2 Male

41B3.1, 11

None

No

3324 44

the potential for increased cost to standard methods. Lastly,
we were unable to obtain functional outcome data from most
patients, which would be valuable in assessing true long-
term clinical outcomes.

Conclusion

Use of a novel fenestrated screw system for the delivery of
CaPO4 BSM results in subsidence and complication rates
similar to previously published values and appears to be a
viable option for addressing subchondral defects in tibial
plateau fractures.
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