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a b s t r a c t

Background: Calcium phosphate bone substitutes (CPBS) are commonly used to augment and repair
bone voids and defects after fractures around the knee joint. The purpose of this study was to determine
whether prior arthroscopic application of a CPBS, for repair of magnetic resonance imagingeidentified
subchondral fractures associated with osteoarthritis (procedure referred to as subchondroplasty)
adversely affected the performance and/or outcome of subsequent knee arthroplasty.
Methods: Twenty-two patients who had arthroscopic repair of a periarticular fracture combined with
use of a CPBS who later had knee arthroplasty were identified. Average follow-up for study patients was
23.5 months (range 12-52 months). These patients were matched demographically and for follow-up
duration in a 2:1 ratio to a group of control subjects undergoing arthroplasty who had not undergone
prior surgery.
Results: Technical challenges related to surgical performance, clinical outcomes, and complications were
determined for both the groups. At most recent follow-up, study patients had an average Oxford score of
40.6 (range, 25-48) compared with control subjects with an average score of 40.1 (range, 12-48). There
was no difference in complications or surgical complexity between groups, and only standard primary
components were used.
Conclusion: The results of our study suggest that prior arthroscopic repair combined with CPBS of per-
iarticular fractures around the knee does not compromise the early outcomes and surgical performance
or increase complications related to subsequent arthroplasty. However, longer follow-up of these pa-
tients is warranted to confirm that implant durability remains uncompromised.

© 2016 Elsevier Inc. All rights reserved.
Unicompartmental knee arthroplasty (UKA) and total knee
arthroplasty (TKA) both predictably relieve pain and improve
function in patients with advanced knee osteoarthritis (OA) [1-3].
However, it has been reported that the complexity of arthroplasty
surgery is increased in patients who have had previous knee
surgery [4-6]. In addition, there may be more complications and
poorer arthroplasty outcomes in this particular patient population.
Several authors have reported that TKA after high tibial osteo-
tomy (HTO) yields satisfactory results [7-15]. Nonetheless, when
compared with a control population that did not previously
closed potential or pertinent
ent, either direct or indirect,
the biomedical field which

rest with this work. For full
6/j.arth.2015.12.051.
Institute at Thomas Jefferson
iladelphia, PA 19107.
undergo HTO, functional recovery was less satisfactory after TKA
[7,8]. In addition, the technical challenges of performing TKA after
HTO have been well described [8,10,16,17]. Some authors have also
noted that complications after TKA in patients with a previous HTO
are more frequent [18-20]. Likewise, TKA after open reduction and
internal fixation (ORIF) of fractures around the knee joint can be
difficult [4,18]. Prior ORIF of the patella, distal femur, or proximal
tibia have all been reported to increase the complexity of per-
forming TKA [19-22].

Arthroscopically assisted repair of distal femur and proximal
tibia fractures has been reported to be efficacious [23,24]. Calcium
phosphate bone substitutes (CPBS) are often used in conjunction
with arthroscopy to serve as bone void fillers and provide me-
chanical support of the articular surface [25,26]. Despite surgical
treatment, some patients will experience clinical deterioration af-
ter undergoing periarticular fracture repair and require arthro-
plasty [27-29]. The purpose of this investigation was to determine
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whether prior arthroscopically assisted fracture repair using a
CPBS: (1) is associatedwith inferior outcomes after subsequent TKA
or UKA, (2) leads to increased complications after arthroplasty, and
(3) increases the complexity of arthroplasty.
Table 1
Demographic Data.

Parameter Experimental Control P Value

Number of arthroplasties, n 23 46
Age, mean (range), y 62 (51-80) 63 (51-80) .74
Gender 14 females 26 females 1.0

9 males 20 males
BMI, mean (range) 31.1 (22.2-42.9) 30.7 (20.5-44.7) .74
Charleston comorbidity index,

mean (range)
2.1 (1-5) 2.3 (1-7) .81

BMI, body mass index.
Methods

Twenty-two consecutive patients who had a total of 23 prior
arthroscopically assisted proximal tibia and/or distal femur fracture
repair procedures with associated use of a CPBS (1 patient had
bilateral repairs), a procedure referred to as subchondroplasty,
were studied. The indication for subchondroplasty was painful OA,
refractory to nonoperative care, in patients with a magnetic reso-
nance imagingeidentified bonemarrow lesion. Subsequently, these
patients underwent either UKA (n ¼ 7) or TKA (n ¼ 16). The CPBS
was percutaneously placed, and no patient had additional supple-
mental fracture fixation. For the study patients, a CPBS had been
implanted in the medial femoral condyle (n ¼ 1), lateral tibial
plateau (n ¼ 2), and medial tibial plateau (n ¼ 4). Fourteen
patients had a CPBS implanted in both the medial femoral condyle
and medial tibial plateau, and 2 patients had CPBS placed in both
the lateral femoral condyle and lateral tibial plateau. All patients
met the traditional indications for arthroplasty (ie, significant,
progressive symptoms refractory to standard nonoperative in-
terventions) and had radiographically advanced knee OA (Kell-
greneLawrence Grade III or IV). A single surgeon performed all the
arthroplasty procedures using a medial parapatellar approach.
Preoperatively, either UKA or TKA using standard implants and
instruments was planned. Due to the possibility of unexpected
findings at surgery, implants were available that could provide
additional fixation (eg, stemmed components, augments) if
needed. In addition, if UKA was planned, TKA implants were also
available. Becausemost CPBS products crystallize in vivo, a burr was
also available for removal of the bone substitute if bone preparation
using standard instruments was impeded. If UKA was planned
preoperatively, it was also noted if the prior procedure adversely
influenced the need for unexpected TKA. If TKA was performed, it
was noted whether enhanced implants with stems or augments
were needed to achieve adequate fixation. Intraoperative compli-
cations, including fracture, patellar tendon avulsion, neurovascular
injury, and so forth were also documented if they occurred.

At the time of surgery, the subchondral bone in the region of the
CPBS was carefully inspected and palpated to determine structural
integrity and incorporation of the CPBS material. All retrieved
bones were sent for routine pathology analysis. This analysis
included gross inspection followed by decalcification and histologic
evaluation. Typical bone resections were performed using battery-
powered saws.

All subjects had postoperative follow-up at an average of 23.5
months (range, 12-52 months). Standard radiographs (ante-
roposterior, lateral, and sunrise views) were obtained at the latest
follow-up visit and evaluated for component alignment, radiolu-
cencies, progressive radiolucencies, bone remodeling, and compo-
nent migration and/or subsidence. Surgical outcomes were
determined by obtaining an Oxford Knee Score for all patients.
Postoperative complications, including infection, reoperation for
any reason, venous thromboembolic events, stiffness, and
hemarthrosis were documented. In addition, operative times
(incision to completing wound closure) and perioperative calcu-
lated blood loss were determined for both the groups.

A control group of patients who had UKA or TKA without prior
knee surgery was matched to the group of study patients 2:1 for
disease severity (using radiographic criteria), length of follow-up
(average 27.5 months [range 12-42 months]), planned
intervention (TKA or UKA), and demographics (gender, age, and
body mass index).

Technical challenges related to arthroplasty performance, clin-
ical outcomes, and complications were determined for both the
study and control groups and statistically compared. Statistical
analyses were performed using the statistical software language
R (R Foundation for Statistical Computing, Vienna Austria). Fisher's
exact test was used for categorical variables. Mann-Whitney tests
were used for continuous variables. To account for patient match-
ing, statistical analysis was performed using mixed-effects linear
regression model for surgical outcomes such as blood loss and
operative time. Appropriate mathematic transformations were
used to satisfy the assumptions of linear regression. Significance
was set at P < .05. Data ranges and P values were determined for all
measured parameters and are included in the Tables 1 and 2.
Results

All patients in both the study and control groups underwent
either UKA or TKA without intraoperative complications.
Demographic data are summarized in Table 1. There were no
significant differences between the study and control groups. Pre-
operatively, UKA was planned and performed for 8 study patients.
No patient with planned UKA in the study group required intra-
operative conversion to TKA. Cruciate retaining implants were used
for all study and control patients receiving TKA. No stems, aug-
ments, or other options (eg, bone graft) to improve implant fixation
or repair bone defects were needed in either group of patients.

Clinical data are summarized in Table 2. Therewas no significant
difference in operative time or calculated total blood loss between
the experimental and the control groups. Arthroplasty outcome, as
determined by Oxford score, was not significantly different for
study and control subjects (P ¼ .66). The average Oxford score for
subjects at latest follow-up was 40.6 (range, 25-48). The average
Oxford score for controls was 40.1 (range, 12-48). Follow-up for the
control group averaged 27.2 months (range, 12-42 months) and
23.5 months (range, 12-52; P ¼ .3) for study patients.

During arthroplasty, CPBS-implanted bone regions were care-
fully inspected visually and by manual probing. The CPBS consis-
tently appeared to be well incorporated. In addition, the structural
integrity of the CPBS was not observationally compromised and
appeared consistent with the sclerotic subchondral bone often
encountered during arthroplasty (Fig. 1). Due to these findings,
standard implants, without fixation enhancement or the need to
replace bone defects, were used for all study patients.

Preparation of the tibia for the implant keel in all study patients
undergoing TKA was performed without a burr, and only standard
surgical instruments were needed. The tibial implant keel did not
enter the bone substitute region in any patient. In general, the
subchondral fractures in these study patients were peripherally
located and juxtaposed to cortical bone. Therefore, the CPBS was
also implanted in this region, and the tibial implant keel did not



Table 2
Clinical Data for Experimental and Control Groups.

Parameter Experimental
Group (n ¼ 23)

Control Group
(n ¼ 46)

P Value

Total calculated blood loss,
mL, average (range)

1119 (646-2198) 1294 (618-2531) .23

Operating room time (min),
average (range)

57.7 (35-100) 57.0 (36-96) .76

Length of follow-up, mo,
average (range)

23.5 (12-52) 27.1 (12-42) .03

CPBS integration n (%) and
adequate structural
integrity

23 (100) 0 N/A

Need for specialized
surgical instruments, n

0 0 1.0

Stemmed implants and/or
augments used

0 0 1.0

Revision and/or additional
surgery

1 3 1.0

Average Oxford score 40.6 (25-48) 40.1 (12-48) .66

CPBS, calcium phosphate bone substitutes.
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extend close enough to the periphery of the tibia to cross through
the CPBS. Due to the hardness of the bone substitute, however, had
it been necessary for the tibial keel to cross this region, a burr
would have been used before keel broaching to avoid potential
intraoperative fracture secondary to the presence of the CPBS. The
average time interval from performance of fracture repair to
arthroplasty was 12 months (range, 4-31 months).

At latest arthroplasty follow-up, there were no radiographically
loose implants in any patient in the study or control cohorts
(Table 2). Prearthroplasty (postsubchondroplasty) and post-
arthroplasty radiographs for 1 patient are represented in Figure 2.
In the study group, 1 patient required wound revision for delayed
healing. In the control group, 3 patients required additional surgery.
Two patients needed revision TKA, 1 for infection and 1 for patella
instability. A third control patient had arthroscopic debridement for
stiffness and peripatellar crepitus. No patient in the study group
needed postoperative manipulation under anesthesia. Four control
patients required a manipulation under anesthesia.
Discussion

Numerous authors have reported satisfactory results and dura-
ble outcomes after both UKA and TKA using a variety of methods
and implants [7-15]. A history of major knee surgery creates
increased challenges for the performance of subsequent arthro-
plasty. Yoshino et al [9] reported that the complexity of TKA is
greatly increased in patients who have had a prior HTO. In addition
Fig. 1. Resected surface of tibia with demonstration of CPBS integration and structural
integrity.
to increased difficulty of exposure, patients with a previous HTO
often require more constrained implants, and revision knee
arthroplasty components may be needed [8,10,16,17].

Although the clinical results of TKA after HTO are satisfactory,
they have been reported to be diminished when compared with a
group of patients not having previous major knee surgery [7,8].
Mont et al and Walther et al noted that patients who have had an
HTO before TKA reported higher pain and lower function scores
after the arthroplasty [26,30].

Likewise, a history of periarticular ORIF before TKA can be
problematic [4,18]. It has been found that ORIF of the patella, distal
femur, or proximal tibia creates unique challenges when perform-
ing later TKA [4,6-22,30,31]. A previous ORIF has also been reported
to diminish clinical results and increase the incidence of compli-
cations after TKA [19-22]. Incisions related to major knee surgery
can lead to significant challenges if subsequent TKA is needed,
particularly when the old incision cannot be used to perform the
index arthroplasty [32].

The success of TKA, combined with the knowledge that prior
procedures can adversely affect the later performance and results
of TKA, demands thorough evaluation of any surgical intervention
used in a patient who may later need joint arthroplasty. Although
arthroscopically assisted fracture repair combined with use of a
percutaneously implanted CPBS is generally considered minimally
invasive, the potential for this intervention to adversely affect later
arthroplasty must be considered. To our knowledge, our study is
the first report related to the performance and results of UKA or
TKA in patients who previously had arthroscopically assisted frac-
ture repair combined with use of a CPBS. Because this fracture
repair methodology combines percutaneous implantation of a CPBS
with arthroscopy, we noted that prior incisions did not create dif-
ficulties with the surgical exposure during subsequent perfor-
mance of arthroplasty. Bone quality is an important consideration
when performing UKA or TKA, and implantation of a CPBS has the
potential to adversely affect this parameter and likewise the per-
formance and results of later arthroplasty.

One limitation of our investigation is that all patients had pre-
viously been treated using a single CPBS (Accufill; Zimmer Ortho-
paedics, Warsaw, IN). Therefore, our findings may not be applicable
if other CPBS products are used for fracture repair. The properties of
this particular CPBS have been studied in both in vitro and in vivo
animal models [33]. Clinical trials where this material for fracture
repair was used have also been performed [34]. These in-
vestigations have reported that this CPBS has a satisfactory safety
profile and potent osteoconductive capacity [35-37]. The procedure
itself may also stimulate some degree of osteoinduction [38]. Ani-
mal studies have demonstrated rapid material remodeling with
conversion to cancellous bone consistent with normal subchondral
bone [39]. Biomechanically, this CPBS has been reported to have a
10- to 15-MP modulus of elasticity, similar to normal cancellous
bone [40-42].

Consistent with the aforementioned noted reports, we found
that the investigated CPBS consistently appeared well incorporated
and structurally sound. Retrieved bone specimens were sent to
pathology and visually inspected. Bone was then decalcified and
microscopically studied. Thus, absolute confirmation of incorpo-
ration and degree of remodeling was not possible. In our series, the
performance of prior fracture repair did not complicate the later
performance of UKA or TKA. In all cases, the implants that were
preoperatively planned for use were indeed used. Implants with
extended stems, augments, or combined with bone grafts were not
needed.

Radiographically, our data suggest that prior arthroscopic frac-
ture repair combined with a CPBS did not have an adverse effect on
implant stability. Nonetheless, a weakness of this study is that



Fig. 2. (A, B) Anteroposterior and lateral radiographs after subchondroplasty. (C, D) Anteroposterior and lateral radiographs of the same patient after total knee arthroplasty.

J.Y. Yoo et al. / The Journal of Arthroplasty xxx (2016) 1e54
follow-up time is relatively short, and continuous monitoring of
study patients is warranted. Of note, a statistically significant dif-
ference in follow-up time was noted; however, we do not feel that
this influenced the ultimate outcome of the study. Clinically typical
results and outcomes after both UKA and TKAwere noted for study
patients.

Furthermore, TKA or UKAwas performed with standard surgical
instruments and without unexpected complications. Nonetheless,
based on the apparent structural rigidity of this CPBS, it seems
prudent to have a burr available during broaching for the tibial keel
should this keel cross the boundary into the bone substitute region.
Broaching hard sclerotic bone can lead to intraoperative fracture.

Despite lack of long-term data, we believe this investigation
has substantial merit. Arthroscopically assisted fracture repair
with or without combined use of a CPBS is a commonly per-
formed intervention [23,24]. As with any procedure used in a
patient who may need later arthroplasty, careful surveillance for
unexpected or adverse consequences of the prior intervention is
critical. The significance of these events, if found, must be
quantitated to determine the true efficacy of prearthroplasty
intervention.

In this study, the time from fracture treatment to conversion
arthroplasty was relatively short for some patients. However, even
when early conversion occurred, based on careful intraoperative
inspection and probing, the CPBS-native bone construct appeared
structurally sound and capable of adequately supporting the
arthroplasty implant. Although no study patient developed radio-
graphic loosening, it is important to recognize that eventual CPBS
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resorption, without remodeling to bone is a possibility and if this
were to occur, it could compromise arthroplasty durability.

In summary, we did not find that prior performance of arthro-
scopically assisted fracture repair combined with use of a CPBS
increased the difficulty or complexity of subsequent UKA or TKA. It
is important to note that our patients had expected outcomes
without an increased risk of complications after arthroplasty.
However, it is also important to recognize that these patients had
arthroscopic repair with percutaneous incisions and without use of
internal fixation (other than the injected CPBS). Based on previous
literature, our results should not be considered generalizable to
patients who have had a previous traditional ORIF before knee
arthroplasty. Longer follow-up of these patients is warranted to
ensure implant durability, and subjects in this study will continue
to be monitored.
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