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Abstract

Objective. The purpose of this systematic review is to determine (I) current reported treatment options for isolated
tibial plateau (TP) cartilage lesions, (2) patient reported outcomes following various treatments, and (3) complication
rate and survivorship following various treatments. Design. A literature search of PubMed, the Cochrane Library, and
CINAHL was conducted adhering to PRISMA guidelines. Patients were included if they had TP cartilage lesions treated
with surgery. Lesion characteristics, surgical procedure details, patient reported outcomes, complication, and failure rates
were collected. Results. Thirteen studies yielded 205 knees with TP cartilage lesions treated surgically. Ages ranged from
12 to 77 years. Surgical techniques included 138 treated with osteochondral allograft transplantation (OCA), 37 treated
with osteochondral autograft transfer system (OATYS), || treated with microfracture, || treated with an osteochondral
scaffold, and 8 treated with autologous chondrocyte implantation (ACI). The patient-reported outcome measures were
heterogeneous, but all reported improvements with the notable exception of one study evaluating microfracture. The
rate of complications ranged from 0% to 4.6%. Failure rate ranged from 22% to 46% for OCA and 0% to 16% for OATS.
No failures were reported for the additional techniques. Conclusions. Various surgical techniques have been utilized for
the treatment of TP cartilage lesions. Patient-reported outcome measures were heterogeneous, but improvements were
reported following all surgical treatments except for microfracture, which resulted in decreased scores at mid-term
follow-up. The complication rate was low for all techniques described. However, the failure rate was higher following
unicondylar OCA for salvage treatment of posttraumatic deformities.
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Introduction Surgical treatment of TP cartilage lesions is fraught with
unique challenges primarily associated with achieving ade-
quate exposure.® Hannon et al’ recently demonstrated
improvements in outcomes with OCA of the femur for tib-
iofemoral bipolar lesions regardless of whether the recipro-
cal TP lesion was treated. Bugbee® further emphasized the
need to determine when and how TP cartilage lesions should
be treated in his editorial commentary. Although the proper
management of bipolar lesions is still unsolved, even less is

understood about the optimal approach to isolated TP

Cartilage defects involving the knee were found in 63% of
31,516 patients undergoing knee arthroscopy by Curl et al.!
between 1991 and 1995. It is suspected that the incidence is
only increasing.” Unfortunately, these defects can be diffi-
cult to treat due to their low healing potential.’ Lesions of
the femur and patella articular surfaces have been reported
as the most common and a variety of surgical treatments
exist."* Autologous chondrocyte implantation (ACI) and
osteochondral allograft transplantation (OCA) are good
options for lesions larger than 2 cm”.** Osteochondral auto-
graft transfer system (OATS) has demonstrated improved
results compared to microfracture for smaller lesions.®’
These treatments have been thoroughly studied for cartilage
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lesions involving the femur, but there is limited data avail-
able regarding the use of these modalities for cartilage
lesions isolated to the tibial plateau (TP).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) flow diagram demonstrating the study

selection process.

cartilage lesions. Yabumoto et al.’ reported improvements
in International Knee Documentation Committee (IKDC)
scores for osteochondral TP lesions treated with retrograde
OATS. OCA has demonstrated mixed results when used as
a salvage procedure for treatment of posttraumatic TP carti-
lage lesions.'™"" Kreuz er al.'’ reported generally poor
results at 3 years postoperatively following microfracture
for TP lesions. ACI with concurrent high tibial osteotomy
(HTO) has demonstrated quality outcomes in a small series
of 8 patients at minimum 2-year follow-up.'® At this time, it
is unclear whether TP cartilage lesions should be treated
and which surgical treatment option is best.

The purpose of this systematic review of the literature is
to determine (1) current reported treatment options for

isolated TP cartilage lesions, (2) patient-reported outcomes
following various treatments, and (3) complication rate and
survivorship following various treatments.

Methods

Literature Search

A comprehensive search of the available literature was per-
formed on September 17, 2018 following the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines (Fig. 1). The databases that were
searched include PubMed (MEDLINE), the Cochrane
Central Register of Controlled Trials & Cochrane Library,
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and CINAHL (Cumulative Index for Nursing and Allied
Health Literature) and the search period parameters were
set from January 1, 1995 to September 17, 2018. A Boolean
search was performed utilizing the following terms: (proxi-
mal tibia cartilage) OR (tibial plateau chondral) OR (tibial
plateau lesions) OR (bipolar chondral) and articles were
catalogued using Microsoft Excel (2010; Microsoft Corp,
Redmond, WA). The initial search yielded 797 articles from
PubMed, 3 articles from CINAHL, and 23 articles from the
Cochrane Library. The reference list of articles was
reviewed for any missed articles and an additional 5 articles
were included. After removal of duplicates, 818 articles
underwent screening for inclusion in this study.

Selection Criteria

Titles and abstracts of these 818 studies were independently
reviewed by 2 authors (CDB, HPM) and only studies elimi-
nated in consensus were removed from the list with any dis-
agreements being resolved by consensus discussion between
those authors.

Inclusion criteria for the evaluation of full-text articles
were the following: a confirmed series or cohort of patients
with a tibial plateau cartilage lesion, operative treatment of
the lesion and documented patient reported, clinical, func-
tional, and/or radiographic outcome measures. Exclusion
criteria included systematic reviews, case reports, cadaveric
and animal studies, studies not pertaining to the TP, studies
with unavailable full English texts, bipolar lesions, lesions
created due to tumor resection, and isolated osteotomy pro-
cedure of the knee.

Several studies contained cohorts of patients that
included both cartilage lesions of the tibial plateau as well
as other cartilage lesions of the knee. Only cohorts of
patients that explicitly fulfilled the inclusion/exclusion cri-
teria were reported in our analysis. If a study provided a
table containing individual patient demographics, surgical
treatment, and outcomes, those individual patients were
included for analysis. In the case that a study failed to dis-
tinguish between patient cohorts and a table with each indi-
vidual patient’s data were not provided, it was excluded.

Quality Assessment

As there were no randomized controlled trials identified
throughout the search, each study was assessed using the
methodologic index for nonrandomized studies (MINORS)
scoring system. MINORS is a validated tool designed for
assessing the quality of nonrandomized surgical studies
based on a scoring scale. This scoring scale allows for a
maximum score of 16 for noncomparative studies (8-item
checklist scored from 0 to 2) and a maximum score of 24 for
comparative studies (12-item checklist scored from 0 to 2)
in which higher scores represent a lower level of bias. Each

study was independently reviewed and scored by 2 authors
(CDB, HPM) and any disagreements were resolved by con-
sensus discussion. MINORS score results of each study are
displayed in Table 1 and are presented as percentages for
normalization between comparative and noncomparative
studies. Level of evidence was determined based on criteria
from the Oxford Centre for Evidence-Based Medicine.

Data Extraction and Analysis

Following final selection of studies for inclusion the data
extracted included study properties (year, level of evidence,
number of knees), patient demographics (age, lesion etiol-
ogy, lesion location, lesion size, follow-up period), surgical
procedure, concomitant procedures, outcomes (patient-
reported, functional, clinical, radiographic), complications,
failures, survivorship, and reoperation. Because of an inad-
equate number of comparative studies and heterogeneity of
reported outcomes, pooling of results was not performed
and instead ranges were reported. In studies with cohorts of
both cartilage lesions of the TP and other regions of the
knee, only patients with cartilage lesions of the TP were
included in our analysis and any data which utilized a com-
bination of those cohorts was excluded or noted.

Results

Forty full texts were manually reviewed for inclusion.
Ultimately, 13 studies met all inclusion criteria and were
analyzed in this systematic review. Characteristics related
to these studies are reported in Table 1. MINORS scores
ranged from 56% to 81% and all studies (13/13) were best
classified as level of evidence IV. The 13 studies yielded
205 knees with isolated TP cartilage lesions that were
treated surgically. Patient age ranged from 12 to 77 years.
A variety of surgical techniques were utilized including
138 treated with OCA, 37 treated with OATS, 11 treated
with microfracture, 11 treated with OCS (osteochondral
scaffold; Maioregen, Fin-Ceramica, Faenza, Italy), and 8
treated with ACI.

Surgical Treatments and Indications

Surgical treatments and lesion etiology are reported in
Table 1. The most commonly studied techniques were OCA
and OATS, with 5 studies for each (n = 138 knees and n =
37 knees, respectively). All cases of OCA were bulk
allografts replacing entire hemi-plateaus rather than small
dowels.

Patient-Reported Outcomes

There was significant heterogeneity in patient reported out-
comes as shown in Table 2. All studies reported postoperative
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Yabumoto et al., 2017 (CATS)

Wajsfisz et al., 2013 (OATS)

Kon et al., 2014 (CCS)

Gracitelli et al., 2017 (CCA) .

IKDC Score

® Pre-op IKDC
® Post-op IKDC

60 80 100

Figure 2. Reported International Knee Documentation Committee (IKDC) scores. Blue dots represent mean preoperative IKDC
scores and red dots represent mean postoperative IKDC scores. Surgical treatment is listed in parentheses.

improvements in subjective outcome scores at follow up rang-
ing from 6 to 372 months except for 1 study evaluating micro-
fracture at 36-month follow-up, which reported decreased
scores. Across all treatment types, 4 studies reported IKDC
subjective outcome scores with a mean improvement ranging
from 17.4 to 41.9 points (Fig. 2).

Complications and Survivorship

The rate of complications ranged from 0% to 4.6% follow-
ing any surgical treatment of TP cartilage lesions as pre-
sented in Table 3. Three studies reported survivorship
ranging from 66.8% to 89% 10 years following treatment
with OCA (Fig. 3). One study reported 2 failures following
treatment with OATS, while the additional 4 studies evalu-
ating OATs demonstrated no failures. No failures were
reported for all remaining surgical treatments (Table 3).

Postoperative imaging or second-look arthroscopy was
performed and reported in 7 studies (Table 3). Five studies
reported radiographic results, 3 studies reported second-
look arthroscopy findings, and 2 studies reported MRI
results.

Discussion

The main finding in this systematic review was that a vari-
ety of surgical techniques to address TP cartilage lesions
have been described. Reported outcome measures were

very heterogeneous, but in general, patient-reported out-
comes increased postoperatively for all techniques with the
exception of microfracture. The failure rate was highest
when unicondylar OCA was used as a salvage procedure for
treatment of posttraumatic deformities.

Osteochondral allograft transplantation was the most
common technique utilized in the studies included in this
review. This technique was used in 5 studies including 138
patients and all lesions were unicondylar requiring trans-
plant of an entire hemi-tibial plateau.'®'"'>'7 OCA is more
commonly used on the femoral articular surface but often
times does not include transplant of the entire hemi-articu-
lar surface.'® Our review of the literature suggests that when
OCA is used on the tibia for an isolated tibial lesion it con-
sists of an entire hemi-plateau. OATS was the next most
common technique used in 5 studies including 37 patients
with lesions ranging from 9 mm to 5 cm®.”'*** Lesions
treated with OATS were smaller than those treated with
OCA. Larger lesions are more appropriately treated with
OCA to avoid donor site morbidity. This is consistent with
the indications for femoral OCA and OATS.*® Yabumoto
et al.’ found the reoperation rate following retrograde OATSs
for TP lesions to be significantly higher for lesions =400
mm”. Microfracture and ACI are 2 surgical procedures that
have been extensively studied for treatment of femoral car-
tilage defects.” Only 1 study evaluating each technique was
identified for treatment of TP cartilage lesions.'*"” Finally,
1 study followed 11 patients after treatment of TP cartilage
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Figure 3. Survivorship at 10 years. The red circle represent the survivorship rate of the osteochondral allograft at 10 years
postoperatively for each study that reported this outcome. The 95% confidence intervals were calculated using the adjusted Wald

method.

lesions with a cell-free biomimetic osteochondral scaffold
(OCS).* This technique previously led to successful treat-
ment of osteochondritis dissecans (OCD) lesions involving
the femoral condyles.”?

The patient reported outcomes evaluated by the studies
included in this systematic review varied significantly. This
is likely related to many factors. The studies were published
over many years ranging from 1984 to 2017. Patient-
reported outcome measures have changed considerably dur-
ing this time. Additionally, procedures were performed for
multiple indications including focal and contained cartilage
lesions and entire hemi-plateau posttraumatic deformities.
Gauging a successful outcome following each of these may
differ and require variable outcome measures. Overall, fol-
low-up ranged from 6 to 372 months and a mean improve-
ment in subjective outcome scores was observed following
all surgical treatments except microfracture. Kreuz et al."
observed a decrease in International Cartilage Repair
Society (ICRS) and modified Cincinnati knee scores at a
mean 36 months postoperatively following microfracture.
In this study, worse outcomes were noted for lesions
involving the patellofemoral or TP surfaces. Interestingly,
this decrease has not been observed at mid- and long-term
follow up of microfracture for treatment of other cartilage
lesions throughout the knee.” The decrease may be related
to the relatively increased age (mean 39.7 years) and larger
defect size (mean 2.39 cm?) in the study by Kreuz et al."
Following their study, the authors now consider larger
defects (>2 cm?) in older patients to be a contraindication
for use of microfracture. Five studies included in this

review evaluated outcomes following OATS and all
reported postoperative improvements. Unfortunately,
there were not 3 studies evaluating OATS that reported the
same outcome measures. Postoperative improvements
were seen for the 5 studies evaluating OCA as a surgical
treatment, but again, there were not 3 studies evaluating
OCA that reported the same outcome measures. Franceschi
et al"® reported mean postoperative Lysholm scores of
94.6 following combined ACI and HTO at a mean of 28
months. These results are comparable to or better than
additional studies evaluating ACI for treatment of carti-
lage lesions throughout the knee.””*® More research is
needed to fully evaluate the long-term efficacy of ACI for
treatment of TP cartilage lesions. Additionally, there is a
need for more uniform patient-reported outcome mea-
sures, especially when evaluating surgical treatment
options for a particular pathology.

There was a low rate of complications for surgical treat-
ment of isolated TP cartilage lesions. For the 5 studies
evaluating OCA, no major intraoperative complications
were reported. Three studies reported a 10-year survivor-
ship ranging from 66.8% to 89%. Variability may be attrib-
uted to concomitant procedures. For example, Drexler
et al.'® reported a survivorship of 89% at 10 years, but this
was the only study that included concomitant distal femo-
ral osteotomy in all patients. Additionally, definition of
failure varied across studies. The majority of studies
defined failure as need for revision or conversion to total
knee arthroplasty. Two studies included low patient-
reported outcomes as failure.'""'” Complications following
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OATS included 1 case of hardware irritation and 1 case of
donor site morbidity. No intraoperative complications were
reported. Yabumoto et al.’ disclosed 2 cases of failure while
no other studies reported failures for OATS. In each of
these, the lesion size was =400 mm?, which the authors
consider a relative contraindication for OATS. In the
remaining studies evaluating OCS, microfracture, and ACI
no failures or complications were reported, and all had a
presumed survivorship of 100%. There are multiple possi-
bilities that could explain why OCA resulted in more fail-
ures. In most cases, OCA was chosen due to more severe
pathology involving the articular surface as a result of
posttraumatic deformities. Additionally, there were more
concomitant procedures. For example, Shasha ez al."" per-
formed 65 OCA procedures with multiple concomitant
procedures consisting of 39 meniscal allografts, 26 distal
femoral osteotomies, and 12 closing wedge HTOs. All
cases of OCA were bulk hemi-plateau allografts, which
requires a significant amount of creeping substitution as
opposed to cases involving a smaller defect requiring a
single dowel with only 5 to 6 mm of composite bone and
cartilage thickness that would be expected to incorporate
sooner.”’

Limitations

A number of limitations should be considered for this sys-
tematic review. Although PRISMA guidelines were
strictly adhered to, it is possible that studies evaluating
surgical treatment of isolated tibial plateau cartilage
lesions were excluded during the selection process.
Possibly due to the relative infrequency of isolated TP
lesions, all included studies were level IV case series
lacking randomization, blinding, or comparative control
groups. The cartilage lesion type and size, outcome mea-
sures, and follow-up time were very heterogeneous.
Additionally, the definition of treatment failure was vari-
able across studies. Because of this, data were not pooled,
making it difficult to draw widely applicable conclusions
regarding indications and surgical management.*
Nevertheless, this systematic review does provide the
first comprehensive presentation of available data evalu-
ating surgical management of TP cartilage lesions.

Conclusions

A variety of surgical techniques have been utilized for the
treatment of isolated tibial plateau cartilage lesions. Patient
reported outcome measures were heterogeneous in nature,
but improvements were reported following all surgical
treatments except for microfracture, which resulted in
decreased scores at mid-term follow-up. In general, the
complication rate was low for all techniques described.
However, the failure rate was higher following unicondylar

allograft transplantation for salvage treatment of posttrau-
matic deformities.
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