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Abstract
Osteoarthritis of the knee is a commonly treated orthopaedic condition that can be quite disabling, often leading
to significantly reduced activity levels. Non-operative treatment is the first line of management with non-steroidal
anti-inflammatory agents, intra-articular injections, knee braces, weight loss and activity modification. While there
has been a growing interest in topical agents, stem cell/platelet-rich-plasma injections and shoe modifications, the
overall efficacy of such modalities in relationship to the relative cost remains a question. Surgical options typically
include total knee arthroplasty, unicompartmental knee arthroplasty and patellofemoral joint arthroplasty, depending
on the extent and location of the degenerative joint disease. Arthroplasty options provide excellent long-term
outcomes in appropriately indicated patients. Modern total knee arthroplasty components are well-designed and if
put in appropriately in a patient that is willing to do their physical therapy, excellent results are commonly found.
Unicompartmental knee arthroplasty has also experienced a resurgence with the push for less invasive surgery and
more rapid rehabilitation. Successful results can be achieved with meticulous surgical techique and appropriately
indicated patients. The following is a thorough review of the modern options for the management of knee
degenerative joint disease, focusing on the latest arthroplasty procedures.
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Introduction
Osteoarthritis [OA] of the knee is one of the most common
diagnoses encountered by practicing orthopaedic surgeons. Knee OA
causes significant pain and dysfunction that can be debilitating and
alter one’s quality of life. Patients often present with pain that can be
limited to the medial, lateral or patellofemoral compartments of the
knee; however, it is more commonly found globally throughout the
knee. Weakness of the quadriceps muscle often results from guarding
of the patellofemoral joint, and manifests itself as atrophy, reduced
exercise tolerance and decreased thigh circumference. Other common
physical findings are a quadriceps avoidance gait, varus/valgus
alignment, reduced arc of motion, flexion contracture, effusion and
crepitus with range of motion. Radiographic findings of knee OA were
described by Fairbanks et al. and include narrowing of radiographic
joint space, flattening of the femoral condyles, and ridge formation [1].
Plain radiography is the first diagnostic step in evaluation and if
significant OA is found then no further testing is necessary. When
radiographs are normal in the setting of significant pain, then
advanced imaging studies maybe obtained, including, MRI, CT scan or
scintigraphy tests.

Non-operative treatment options
The American Academy of Orthopedic Surgeons [AAOS] released
a set of clinical practice guidelines for the treatment of osteoarthritis of
the knee in 2013 [an update to the original guidelines published in
2008] based on the systematic review of currently available data and
literature [2]. In general, the reviewers felt that non-operative
treatment options for knee OA although limited, should be exhausted
prior to arthroplasty surgical intervention. Systemic nonsteroidal antiinflammatory drugs [NSAID’s] can be beneficial in decreasing the
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synovitis associated with osteoarthritis. NSAID’s include non-selective
cyclooxygenase inhibitors such as ibuprofen or naproxen sodium and
selective cyclooxygenase [COX-2] inhibitors. AAOS clinical practice
guidelines gave a strong recommendation for the use of NSAID’s in
treatment of symptomatic knee OA [2]. In patients with coronal
malalignment, unloader bracing in addition to medial arch supports
and lateral heel wedges can improve the overall alignment of the limb
and offload the more diseased compartment [medial or lateral]. This is
a commonly utilized treatment option for symptomatic patients with a
significant correctable deformity, however the AAOS clinical
guidelines do not support routine use of this modality [2]. Physical
therapy aimed at quadriceps strengthening is a common non-invasive
intervention, which can improve patient strength. Enhanced strength
may lead to a reduced intensity of the symptoms while increasing
mobility and functional status; however, in advanced stages of OA this
is typically not well tolerated. The AAOS clinical practice guideline
also gives a strong recommendation for the use of self-management
programs, strengthening, low-impact aerobic activities and
neuromuscular activities [2]. Intra-articular injections are used
commonly in the treatment of knee OA. Injections are broadly
classified into corticosteroid, viscosupplementation modalities, and
growth factors/platelet rich plasma. Intra-articular corticosteroid
injections can diminish the synovitis and inflammation associated
with knee OA but does not alter the disease process.
Viscosupplementation injections that are naturally occurring and
synthetic forms of hyaluronic acid have been utilized to a great extent,
however, the AAOS Clinical practice Guidelines give a strong
recommendation against the use of such injections in the treatment of
knee OA [2]. Of note, corticosteroid and growth factor/PRP injections
were given an inconclusive recommendation suggesting that although
these modalities may be of benefit, strong scientific data does not exist
supporting these modalities [2].
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When non-operative management of knee OA has failed to relieve
patient symptoms operative management may be indicated. In general,
arthroscopic intervention in the setting of OA is not indicated and
should be reserved for patients with true mechanical symptoms
[catching, locking] suggestive of the presence of a meniscus tear or
loose body that is mobile causing dynamic symptoms during range of
motion. Mosely et al. in the New England Journal of Medicine in 2002
published the results of randomized and blinded study of arthroscopic
intervention for knee OA. They noted no difference in clinical
outcomes between patients undergoing arthroscopic debridement,
arthroscopic lavage only, and a placebo group wherein patients
received only arthroscopic portal incisions [so-called “sham surgery”]
without insertion of an arthroscope or instruments [3]. The AAOS
clinical practice guidelines give a strong recommendation against
arthroscopic lavage or debridement and an inconclusive
recommendation in the use of partial arthroscopic meniscectomy for a
torn meniscus in the setting of OA [2].

Arthoplasty treatment options
Unicompartmental knee arthroplasty
In select patients with isolated medial or lateral compartment
arthrosis, unicompartmental knee arthroplasty [UKA] may be
indicated.
UKA has evolved over the last three decades with respect
to expanding indications, outcomes and overall utilization. Early
studies on UKA demonstrated poor patient satisfaction and high
failure rates [often related to overcorrection of the anatomic
deformity] as compared to conventional total knee arthroplasty [TKA]
[4,5]. The early zeal for overcorrection of the deformity led to rapid
degeneration in the adjacent compartments of the knee and UKA
subsequently fell out of favor. However, there has been a resurgence of
UKA use in the United States and worldwide with UKA now
representing an estimated 8-10% of all knee arthroplasty surgeries [6].
Contrary to this recent trend in a report of over 4000 patients
undergoing TKA, only 4.3% met the clinical and radiographic criteria
for UKA [7]. The rationale behind such an increase is found in
surgeon comfort level with the procedure, a drive for less invasive
surgery and expanding surgical indications.
UKA is often considered a less invasive option for patients’ with
single compartment degenerative joint disease. Additionally, because
the anterior and posterior cruciate ligaments are preserved, patients
are more likely to have a “normal” feeling knee and be able to return to
pre-operative lifestyle and activities. Reports have demonstrated a
higher percentage of patients with flexion greater than 120 degrees and
a greater number rating their outcome as excellent in comparison to
TKA [8].
The classic indications for UKA as published by Kozinn and Scott
include non-obese patients [< 82 kg] with lower functional demands,
age greater than 60 years, no pain at rest [only with walking and
weight bearing], at least 90 degree flexion arc with < 5 degree flexion
contracture, and minimal angular deformity [< 10 degree varus or < 15
degree valgus] correctable at the time of surgery [9]. More recently, the
indications have expanded leading to an overall increased utilization of
UKA. Pennington et al. reported on 45 patients less than 60 years old
undergoing medial UKA, noting a 92% eleven-year survival rate and
93% reporting excellent HSS scores [10]. Berend et al. reported no
difference in outcomes of patients greater than 82 kg; < 60 years of age
or with patellofemoral radiographic changes in 318 UKA’s performed
with the Oxford implants [Biomet, Warsaw, IN] [11]. Most recently
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Della Valle reported on 85 fixed bearings UKA’s. In this cohort with a
mean age of 49 years, there was a significant increase in the preoperative knee society score with an estimated 96.5% survivorship at
10 years [12].
Since the resurgence of UKA more reports have become available
on newer prostheses and surgical techniques. Berger et al. reported
80% excellent results in 49 knees undergoing fixed bearing procedures
with the Miller-Galante [Zimmer, Wars IN] UKA [13]. The same
study found 98% ten-year survival and 95.7% 13-year survival rates.
Murray et al. have extensively reviewed a mobile bearing UKA design
reporting a 97.7% cumulative survival rate in their series [14].
Emerson et al. reported an 85% ten-year survival for patients
undergoing medial UKA with a similar mobile bearing prosthesis [15].
Some modern day options that are available, but with limited clinical
data include, robot-assisted UKA and custom cutting guides. While
intriguing in their utility these modalities have not been sufficiently
evaluated in vivo and can be quite costly.
Recently there has been concern that with a greater prevalence of
UKAs in the population we may see a greater number of those needing
conversion to a TKA annually. Furthermore, it is a common
misconception that the revision of a UKA to a TKA is an easy
conversion that leaves the patient with the equivalent outcome and
satisfaction as a primary TKA. Reports from the New Zealand Joint
Registry do not support this misconception [16]. In fact a significant
difference exists in the Oxford Knee Score between primary TKA and
UKA revised to TKA with the latter being closer to a TKA revision.
Moreover, the revision rate of UKA’s that have been revised to a TKA
is more than four times the revision rate of a standard primary TKA.
Based on this data it is important to have a detailed discussion with
patients prior to surgery and the authors suggest conservative
indications be followed.

Patellofemoral Arthroplasty
In patients with isolated patellofemoral arthritis a patellofemoral
arthroplasty [PFA] may be indicated. Isolated patellofemoral OA is a
rare entity seen in approximately 13% of men and 15% of women over
the age of 60 [17]. Indications for PFA should be limited to not only
patients with isolated radiographic arthritic changes of the
patellofemoral joint, but also to anterior knee symptomatology, such
as pain associated with stair climbing, arising from a seated position
and squatting. Patients with patellofemoral arthritis should undergo a
detailed examination and work-up in order to identify causative
factors for their pathology, which is often related to patella
maltracking. Patients with Q angle abnormalities should be considered
for tibial tubercle re-alignment in conjunction with PFA. A limited
amount of patella tilt can be addressed with lateral retinacular release
at the time of surgery; while, subluxation or frank instability will need
a more formal realignment procedure.
Patients thought to have isolated patellofemoral arthritis should
be carefully scrutinized on history, physical examination, and
radiographic evaluation and at the time of surgery for presence of
other etiologies of anterior knee pain and the presence of tibiofemoral
arthritis. Further a history of meniscal injuries or arthroscopy should
be considered prior to moving forward with PFA.
Outcomes of isolated PFA vary largely based on design. Onlay
designs have demonstrated better clinical outcomes with fewer
revisions for mechanical catching associated with prosthetic designs.
Lonner has extensively reviewed PFA emphasizing the importance of
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prosthetic selection and accurately addressing patellar tracking issues
in order to affect better clinical outcomes [18]. Several studies have
looked at survivorship of isolated PFA. Cartier in 2005 reported 75%
of 79 PFA’s performed during a 16-year period were still functioning
at a minimum of 6-year follow-up with average follow-up of 10 years
[19. Kooijman et al. reported their PFA experience in 2003 [20]. In 45
knees at mean follow-up of 17 years they reported 86% good or
excellent clinical results based on Knee Society score and patient
satisfaction reporting. They noted that two knees underwent
subsequent high tibial osteotomy and ten patients underwent
conversion to TKA for progressive tibiofemoral degenerative changes,
at a mean of 15.6-years post-op [20]. Ackroyd et al. in 2007 reviewed
109 consecutive PFA’s with a minimum of 5-year follow-up finding a
95.8% survivorship with revision surgery as the end point. They
reported 80% success based on Bristol Pain Score and noted that their
main complication was progression of tibiofemoral arthritis, which
occurred in 28% of their patients [21]. Aregenson et al. reported on 66
PFA’s performed over an 18-year period. Mean patient age at the time
of surgery was 57 years and mean follow-up was 16.2 years. At 16
years, survivorship was noted to be 58% with the number one reason
for revision surgery being progression of tibiofemoral arthritis [22].
More recently Davies et al. reviewed the results of 52 consecutive
PFA’s utilizing the Femoro-patella vialla [FPV, Wright Medical,
Arlington, TN] with a minimum 2-year follow-up. They noted that
25% of patients obtained an excellent clinical outcome with near or
complete resolution of pre-operative symptoms while 21% of patients
received little or no relief in their symptoms. Seven patients had been
revised to TKA for ongoing pain or arthritic progression [23].
As with UKA it is important to consider the outcome of PFA when
converted to TKA during surgical discussion and decision-making.
There is limited literature available on PFA conversion to TKA.
Lonner et al. published their results on 12 knees in 10 patients who
underwent revision of PFA to TKA at a mean of 4 years after their
index surgery. They noted that no stems or augments were necessary
at the time of revision surgery and all patients were revised to a
posterior stabilized prosthesis. At 3 years follow-up none had
underwent further revision surgery and pre-revision Knee Society
scores improved from 57 to 96 for clinical and from 51 to 91 for
function [24]. Hutt et al. compared 21 patients undergoing PFA
revision to TKA to 21 matched controls undergoing primary TKA and
noted at mean follow-up of 2.4 years that primary TKA had
significantly better Oxford Knee Scores, WOMAC scores, pain visual
analog scores, and EQ-5D scores [25].

Total Knee Arthroplasty
Total Knee Arthroplasty [TKA] is a reproducible and predictable
operation with reliable patient outcomes and excellent long-term
survivorship. The published literature on modern TKA is both robust
and complex. There are many variables to consider when assessing
TKA publications and thus careful scrutiny of study methodology
should be considered when evaluating outcomes. First, outcomes can
be reported as survivorship of implants or can be reported as clinical,
functional or patient satisfaction scores. Secondly, the type of implant,
surgical approach, anesthesia utilized peri-operatively, and
rehabilitative efforts may all influence patient satisfaction and shortterm outcomes.
Early reports on long-term outcomes demonstrated excellent results
and survivorship. Rand et al. reported a 97% survivorship at 5 and 10
years on 9200 TKA’s performed between 1971 and 1987 [26]. In 1993,
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Ranawat et al. report a clinical survival of 94.1% at 15 years in 112
TKA’s being followed from 1974 [27]. Ritter et al. reported on 418
cruciate retaining TKA’s performed between 1975 and 1983 noting a
96.8% [Kaplan-Meier survival] and 98.1% [crude survival estimate]
survivorship at a mean of 8-year follow-up [28]. In a separate
publication on compression molded polyethylene in cruciate retaining
TKA, Ritter et al. reported the results from 3 institutions on 2001
TKA’s noting a 98% 10-year survivorship [29]. Schai et al. reported on
235 TKA’s with a 90% survivorship at 10 years [30]. The results of
4583 anatomic graduated component TKA’s were reported as 98.86%
survival at 15 years [31]. Pavone et al. reported their results of 120 total
condylar arthroplasty operations performed between 1977 and 1983.
In 26 patients with 34 arthroplasties they reported a 91% survivorship
at 23-years [32]. These are reports on results of early TKA designs
noting greater than 90% long-term survival in all studies when
revision is selected as the end point.
Despite excellent long-term survivorship of early TKA, designs
have been modified over time in an attempt to further improve
function and survivorship. Key design differences should be
considered carefully including fixed versus mobile bearings, cruciate
retaining versus cruciate sacrificing [posterior stabilized] prostheses
and cemented versus cementless fixation.
Fixed bearing TKA refers to a bearing surface [predominantly
polyethylene] that is secured to a tibial base plate or a monoblock tibial
component, both of which allow joint motion only at the articular
surface interface between the femoral component and the bearing
surface. Fixed-bearing TKA is dichotomized into posterior cruciate
ligament [PCL] retaining [CR] designs and PCL sacrificing [PS]
designs wherein a post from the tibial articular surface inserts into a
CAM on the femoral component. The latter design depends on the
CAM and post to convey anterior-posterior stability normally
provided by the PCL, which is either deficient or sacrificed at the time
of surgery.
Mobile-bearing TKA allows motion at two separate interfaces.
Rolling of the femoral component occurs at the interface with
polyethylene insert. Unlike it’s fixed counterpart, the polyethylene
insert of the mobile-bearing TKA has motion on the tibial base plate
allowing more freedom in motion while also introducing an additional
wear producing interface. The rotating platform allows a more
congruent polyethylene to be used and in theory would lower wear
rates at the articular surface; however, this difference has not been
borne out in clinical trials.
In a review of the available literature, a large number of studies
evaluate PS and CR TKA. In 2008, Dalury et al. reported on their
experience with PFC TKA system demonstrating a 97.2% survival at a
median 7.3-year follow-up in 1970 knees [33]. In the same year,
Dalury et al. reported a mean ROM of 123 degrees in 284 PFC TKA’s
[96% were CR, 4% were PS] [34]. In 2005, Bertin reported his
experience with 251 consecutive CR TKA’s at 5-7 year follow-up. His
results showed 98% survival at 5-7 year follow-up with a mean range
of motion of 123 degrees [35]. Laskin in 2001 studied 100 consecutive
TKA’s, both CR and PS. In their CR group the mean ROM was 117
degrees, 10-year survival was 96%, 76% had an excellent clinical result
and 20% had a good clinical result. In the PS group, the mean ROM
was 114 degrees; 10-year survival was 97%, 75% had excellent clinical
results and 23% had a good clinical result [36]. A Cochrane database
systematic review demonstrated no appreciable difference in outcomes
between CR and PS designs, published initially in 2005 and updated in
2013 [37,38].
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The published results reported with fixed bearing CR and PS TKA
are essentially equivocal. No study has demonstrated clear clinical
superiority in PS or CR TKA; therefore, utility of PS versus CR designs
is largely based on surgeon training and experience.
Mobile-bearing TKA’s have demonstrated equivalent results as
that of fixed-bearing designs. Buechel et al. reported on 373 mobile
bearing TKA’s. He noted a 97.9% good or excellent clinical result with
greater than 97% survivorship at 10 years [39]. Huang et al. report in
88.1% survivorship at 15 years on 495 consecutive mobile bearing
TKA’s performed in Taiwan [40]. Sorrells et al. reported a twelve-year
survivorship of 89.5% in 528 uncemented Low Contact Stress rotating
platform TKA’s [41]. Mohoney et al., in 2012, performed a prospective
randomized study that demonstrated no functional benefit to a mobile
bearing TKA over a fixed bearing device. However, survivorship was
lower in the mobile bearing group [90.1%] than the fixed bearing
group [94.2%] at 6 years post-op [42]. In an extensive literature review
Post et al. demonstrated no clinical or survivorship difference between
mobile bearing and fixed bearing TKA [43]. In a prospective
randomized trial Gioe et al. once again demonstrated clinical
equivalence of a rotating platform TKA and an all-polyethylene PS
TKA [44]. In an evaluation of 108 young patients [age less than 51]
with OA receiving a fixed bearing TKA on one side and a rotating
platform TKA on the contralateral, no functional difference was
found. At 16.8 year of follow-up using Kaplan-Meier analysis
survivorship was 95% for the fixed bearing devices and 97% for the
mobile bearing devices [45]. Bhan et al. showed no functional
difference in 32 patients with a fixed bearing TKA on one side and
mobile bearing on the contralateral at 4.5 years follow-up [46]. A
Cochrane database systematic review demonstrated no superiority of
mobile bearing or fixed bearing designs in functional performance or
range of motion [47].
Despite many publications demonstrating what appears to be good
clinical outcomes with mobile bearing TKA’s, Namba et al. using joint
registry data found that LCS mobile bearing TKA is an independent
risk for aseptic revision [48]. Reports from the Norwegian joint
registry on over 17,000 TKA’s suggest that risk of revision surgery for
aseptic loosening of TKA components is related to prosthetic design
[49].
For primary TKA procedures, although controversial [anatomic
alignment], it is paramount to restore the natural mechanical axis,
maintain good component fixation and achieve ligamentous balance.
Accurate cuts are vital and less-invasive techniques may compromise
this accuracy leading to component malpositioning and difficulty with
soft tissue balancing [50,51]. Bone cuts can be achieved with
intramedullary, extramedullary, custom cutting guides and/or
computer navigation with acceptable levels of accuracy and success
[52-54]. However, most recently, there has been a call to question
whether the anatomic axis [kinematic alignment] is more important
than the mechanical axis [55]. Therefore, at this time it is not perfectly
clear what axis and degree of alignment we should be shooting for and
will this vary amongst patients.
Ultimately an equal determinant for a successful outcome is the
attention to detail in soft tissue balancing, while minimizing the level
of constraint inherent to the components. Appropriate osseous and
soft tissue technique should re-establish nearly normal kinematics
with a medial pivot during midflexion and bicondylar posterior
rollback with deep knee flexion [56]. While restoring the appropriate
kinematics during TKA, the overall outcomes vary often based upon
patient factors, which may not be as closely related to the overall limb
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alignment as once thought [57]. This concept has lead to the use of
sensors and accelerometers to determine the force and contact points
of the femoral component on the polyethylene insert in real time. This
technology can be expensive and has limited clinical data, but may
lead to the intra-operative data we need to truly restore patient
kinematics [58]. As more clinical data is collected the future of
navigation, custom-cutting guides and accelerometer technology will
ultimately be determined.

Summary
Degenerative joint disease of the knee is a common problem in the
United States with indicated measures of conservative management to
treat patients including medications, physical therapy, activity
modification and intra-articular injections. When such non-operative
options no longer provide adequate pain relief and return to function
then surgical options can be considered. Partial knee replacements
include resurfacing a single compartment of the knee individually and
with the appropriate indications and surgical technique can lead to
highly successful outcomes. When more global degeneration of the
knee is found a TKA is indicated. Surgical technique, implant design
and component fixation can be variable with relatively similar
outcomes and is typically selected based upon surgeon preference.
Long-term results of TKA are outstanding and have come a long way
in restoring the quality of life to many individuals suffering from OA
of the knee.
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