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Advanced Knee Osteoarthritis in an Active Male: Biologics or Total Knee

Replacement
CASE SCENARIO
A healthy 54-year-old man presents to your office for your opinion regarding his progressively worsening right
knee pain. At age 24, he underwent a primary anterior cruciate ligament reconstruction as a result of a skiing
injury. He subsequently has had 2 arthroscopic surgeries, the first a partial resection undergone 15 years ago for
a degenerative tear, followed 5 years later by a complete medial meniscus resection. His pain now interferes
with his ability to complete a full round of golf, and he does not want to resort to using a cart. During the
previous 2 years, he has tried a variety of treatments, including nonsteroidal anti-inflammatory medications,
physical therapy with home exercises, unloader and patellar bracing, 2 corticosteroid injections, and 2 hyal-
uronic acid injections. He has experienced some temporary relief, but none of these treatments have allowed
him to fully engage in golfing. Knee radiographs demonstrate Kellgren-Lawrence Grade 3 osteoarthritis, pre-
dominately affecting the medial compartment, but there is tricompartmental involvement. He consulted with an
orthopedic surgeon, who recommended a total knee replacement (TKR). A second physician suggested he try
stem cell therapy for osteoarthritis. He would like to re-engage in golfing and even skiing, and he seeks your
advice regarding whether the total knee replacement (TKR) or stem cell treatment would provide the optimal
treatment for his knee pain and function. Dr. Wayne Colizza will argue that a TKR will offer the best possible
outcomes. Dr. Victor Ibrahim will argue that stem cell therapy is a viable treatment option for this patient.
Wayne A. Colizza, MD, FACS, Responds
This 54-year-old male patient presenting to my office is
a member of a growing pool of younger, physically
active patients with tricompartmental knee osteoar-
thritis. A common thread among these younger patients
is the desire to return to a pain-free, active lifestyle.
Given his history, presentation, and goals, I would pro-
vide the following information and advice.

He is not alone
The patient is among the estimated 20%-30% of U.S.
adults living with osteoarthritis, according to the Na-
tional Arthritis Data Workgroup, with hips, knees, and
hands being the most commonly affected joints [1]. The
increase in the prevalence of osteoarthritis is attribut-
able to the increase in life expectancy, obesity, and
sports-related joint trauma in our society.

It is accepted that trauma and surgical intervention
to the knee joint increases the risk of osteoarthritis and
the probability of undergoing a total knee replacement
1934-1482/$ - see front matter ª 2015 by the American Academy of Physi
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(TKR) in the future [2]. This finding is particularly true in
patients who have undergone a complete meniscec-
tomy, a procedure that removes one of the primary
“shock-absorbers” and a secondary stabilizer of the
knee. A complete meniscectomy rarely is performed
today. In our patient’s case, he has undergone anterior
cruciate ligament reconstruction and other surgeries on
his knee, including total medial meniscectomy.

He has not responded to any nonoperative
management for his condition

This patient has tried nonsteroidal anti-inflammatory
medications, physical therapy, bracing, intra-articular
corticosteroid injections, and 2 series of visco-
supplementation. Unfortunately, these treatments have
failed to bring him to his goal of comfortably playing
golf and skiing. It is my opinion that he now needs a TKR to
reach this goal. If his circumstancesweredifferent and the
osteoarthritis was confined to the medial compartment
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of the knee, “less-invasive” procedures such as high tibial
osteotomy or unicondylar knee replacement may have
been options. In this patient’s case, however, the disease
has affected all 3 compartments of the knee and is clas-
sified as Kellgren-Lawrence Grade 3 osteoarthritis on
radiographs, that is, osteophytes, joint space narrowing,
sclerosis, and deformation. TKR best addresses this more
severe degree of disease.

TKR is a successful treatment for his condition, but
there are concerns given his younger age

Joint replacement is a well-established surgical treat-
ment for osteoarthritis with documented results in im-
provements in function, pain reduction, correction of
deformity, and return to activity. The outcomes of joint
replacement have been evaluated extensively through the
use of clinical scales, activity indices, pain scales, vali-
dated outcome instruments, and assessments of economic
benefit [3-5]. Outcome studies pertaining to TKR are pri-
marily retrospective in design. Nonetheless, these studies
strongly indicate satisfaction rates exceeding 80% with
notable improvements in quality of life measures [6-9].

In a younger patient, the greater worry is the survi-
vorship of the prosthesis. Medical practitioners have
expressed concern about early loosening and failure of
the implant when TKR is performed in younger and more
active patients. These risks would be discussed with the
patient before proceeding with surgery.

A recent report from the Swedish Knee Replacement
Registry of more than 27,000 patients yielded an unad-
justed 10-year implant survival rate of greater than 95%
(all ages). Those patients aged 45-54 years had a 10-year
survival of 93.6%, whereas the 75- to 84-year-old group
had a survivorship of 98.2% [10].

In a recent review of the California Patient Discharge
Database, it was determined that patients younger than
50 years of age had greater rates of loosening as the result
of both aseptic (mechanical) and septic causes compared
with the 65 years of age and older group. Hospitals in
which more than 200 TKRs were performed per year had
significantly lower rates of revision [11]. It appears that
rates of TKR revision are approximately 1%per year on the
whole, with slightly greater rates in the younger patient.
As with surgery of any kind, success parallels the skill of
the surgeon and the caseload of the hospital.

Assuming our patient lives to 80 years of age, he faces
an approximate 30% risk of revision in his lifetime. Cell-
based therapies for osteoarthritis of the knee cannot
guarantee maintenance of knee function during a 30-
year period with 70% certainty.

He will golf and ski again
Our patient wants to golf and ski. Fortunately, he

does not want to run a marathon. There is a paucity of
orthopedic literature addressing return to sport after
TKR. In 2007, members of the American Association
of Hip and Knee Surgeons were polled as to their
preferences for the return to sporting activity after TKR.
There was strong consensus toward allowing patients to
return to skiing (if the patient had preoperative expe-
rience) and golfing [12]. Other studies support a return
to golf but recognize the greater stress on the target-
side knee, which will not be an issue if our patient is
right-handed. Unfortunately, unlike his golf partners
who have under gone a total hip replacement, he will
notice a loss of 12 yards on his drive [13].

In a recent literature review using PubMed, Embase,
and Sports Discus, authors showed that preoperative
activity level, age, gender, and body mass index
determined activity level after TKR. There was minimal
evidence in the literature of an association between
early failure of the implant and high post-TKR activity
levels [14]. This observation bodes well for our young,
active, and, hopefully, nonobese, man.

In 1997, Insall and Scott [15] reviewed their experi-
ence with patients who were 55 years old or younger
with an average 8-year follow-up after their TKR. They
found that 94% of patients had good or excellent Knee
Society functional scores, and all but 2 patients had
improvement in the activity score of Tegner and
Lysholm. All patients were cautioned against impact
activities. Nonetheless, 60% of patients returned to
walking exercise, 53% returned to cycling, 24% returned
to golf, 11% returned to construction or farm work, and
8% returned to skiing. Despite the increased activity the
rate of survival of the implant was 90% at 18 years [15].

The TKR procedure is becoming easier and safer
Compared with 15 years ago, the TKR procedure is

becoming easier and safer for the patient. The majority
of knee replacements are now performed with the pa-
tient receiving spinal anesthesia as part of a multimodal
pain protocol, including selective nerve blocks, pre-
emptive oral medications, and limitations in the use of
narcotics. A recent improvement to the protocol has
been the addition of Exparel (Pacira Pharmaceuticals,
Parsippany, NJ), a bupivacaine liposome injectable
suspension that can be administered into the wound,
facilitating pain control for up to 72 hours.

Tranexamic acid, a synthetic analog of the amino acid
lysine, is an antifibrinolytic agent that can be given
intravenously or placed into the knee wound perioper-
atively. It has been shown to decrease surgical bleeding
in patients undergoing total hip and TKR without
increasing the risk of deep venous thrombosis. Patients
no longer have to donate autologous blood preopera-
tively, and perioperative heterologous transfusion rates
have decreased, eliminating the risk of transfusion re-
actions and blood-borne infection.

Advanced rehabilitation protocols and early return to
mobilization has led to shorter hospital stays and earlier
return to function [16]. Several hospitals have become
centersofexcellencefor joint replacementandconsistently
demonstrate fewer complications and better outcomes.
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Knee replacement is the definitive treatment for
osteoarthritis of the knee, but it is the last resort

In caring for any patient with knee arthritis, it is
important to exhaust all therapeutic measures short of
TKR before considering this operation. This is particu-
larly true in the younger patient, in whom survivorship
of the prosthesis is paramount.

TKR remains the most successful treatment for
osteoarthritis of the knee in improving quality of life
[17] and enabling patients like ours to return to golf and
skiing, quite possibly for the remainder of his life. TKR
remains the “gold standard” for the definitive treat-
ment of osteoarthritis of the knee.
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Victor Ibrahim, MD, Responds
Osteoarthritis is a common pathology seen in both sur-
gical and nonsurgical clinics. The advent of modern-day
stem cell science and its clinical applications poses a
potential paradigm shift in how clinicians evaluate and
treat such pathologies. The current method of “watch
and wait” has been supplanted by cellular based ther-
apies that may offer patients improved function with
minimal risk. Because of these new treatment options,
it is first important to outline the limitation of modern-
day joint replacement and compare it with these novel
cell-based interventions. When one compares safety,
efficacy, and cost, stem cell therapy appears to be a
reasonable and potentially superior option.

Basis for Autologous Cell Treatment
Autologous cell-based therapy is based on harnessing

the body’s physiologic self-regulation of cartilage
repair. This well-described physiology relates progenitor
cells, chrondrocytes, and growth factors in an orches-
trated synergy that culminates in slow, but effective,
cartilage regeneration [1]. Accessing this physiologic
pathway to facilitate healing has been a primary goal of
using cell-based therapies, including stem cell therapy
and platelet-rich plasma (PRP).

Both stem cell therapy and PRP involve procuring
progenitor cells from the patient. PRP is performed
simply via a blood draw, whereas stem cell therapy is
usually via a bone marrow aspiration. These cells are
then concentrated and injected into the affected is-
sues. Although harvesting stem cells is more invasive
than PRP, the acquisition of bone marrow cells through
needle aspiration is a well-described and safe method
for establishing an autologous osteogenic progenitor cell
solution [2]. Methods and safety have been established
and documented in the literature for injecting such cells
into a knee with primary osteoarthritis [3].
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Stem cells and autologous blood products have
become used more widely in recent years because of
their low risk and effective impact. Basic science
studies have shown that bone marrow cells have both
anti-inflammatory and chrondroprotective effects [4].
Of increasing clinical interest, these cells have been
shown to facilitate cartilage repair in osteoarthritis [5].
In addition to these studies, Centeno et al [3] have
published outcomes data from 681 patients during a 2.5-
year period demonstrating significant functional
improvement with bone marrow concentrate injections,
with mild pain as the predominant adverse event.
Interestingly, the mean age for treatment in this study
was 54 years, which is the same as the patient in this
scenario. Additional studies in PRP as an alternative
form of biologic treatment also have shown that PRP is
superior to hyaluronic acid injections [6], suggesting
that physiologic impact on cartilage regrowth is
possible. Such interventions have thus far been studied
on mild to moderate arthritis. With more advanced
disease, it may be that the greater degree of cell loss
creates a greater need for these cells to promote
regeneration.

Addressing Barriers to Treatment
Common barriers to recommending cellular-based

therapies include safety concerns, efficacy, and cost.
Concerns for safety are of course most paramount
when considering new treatments. To date, there have
been no reportable incidents of significant adverse
reaction to stem cell intra-articular injection reported
in the literature. As has been noted, and in the au-
thor’s experience, mild pain from the procedure is the
most common adverse reaction. The concern over
malignant conversion of cells has largely arisen out of
animal studies in which cells were induced and
expanded [7]. These studies rightly highlight the
caution of tissue cell expansion. It should be noted that
for the purposes of this argument, the cellular therapy
recommended for this patient would be one that
complies with current U.S. Food and Drug Administra-
tion (FDA) regulations. That is, the patient would un-
dergo an autologous bone marrow cell injection with
only minimal manipulation of cells, which would not
involve any tissue culturing. There is currently no FDA-
approved method for tissue culturing for this purpose
in humans; however, a number of veterinary sports
orthopedic surgeons routinely culture cells and trans-
plant cultured tissue for treatment of chondral defects
and other orthopedics conditions [8,9]. To date, there
has been no malignant cell conversion reported in
these clinics.

Given its good safety profile thus far, the effec-
tiveness of the treatment must then be considered.
The outcome most often sought by patients and phy-
sicians alike for the treatment of osteoarthritis is
decreased pain and improved function. According to
Centeno et al, the majority of patients undergoing
stem cell injection for knee arthritis reported signifi-
cant improvement in both pain and function [3]. The
degree of functional gain, as is the case in joint
replacement, remains less clear. The standard re-
search end point for most studies has been return to
sedentary like work. In the author’s experience in
sports medicine, several hundred patients have
returned to high-impact sports activities after
receiving cell-based treatments.

Finally, the issue of cost has been of increasing
concern. With only a few centers in the country
providing this therapy, and insurance providers along
with Medicare denying coverage for such treatments,
the cost of such interventions may prove the limiting
factor in its use. As determined by a simple internet
search, the average cost of a stem cell treatment
appears to range from $2000 to $5000, and may be less
for a simpler treatment such as PRP. The variation in
cost has much to do with the lack of access by region,
combined with the high level of overhead most clinics
acquire when performing these high-level cellular
therapies. This of course is a very real barrier for any
therapy. The average cost of a total joint replace-
ment, however, is reportedly $50,000 [10]. With most
new insurance policies, a patient may be obligated to
pay up to 20% of this bill. The cost to a patient of a
stem cell treatment, therefore, becomes more
comparable.

Recommendation to Patients
When providing a clinical treatment plan for a pa-

tient, it is prudent that the practitioner adequately
explain alternative treatment options. It is certainly
reasonable that a health care provider may feel un-
comfortable describing stem cell treatment based on
the lack of robust clinical outcomes research; however,
a real discussion should be had with the patient
regarding the potential complications and the lack of
longevity associated with a TKR. In a healthy 54-year-
old man, the likelihood of a revision surgery is very high.
This surgery would be performed at a later age, in which
risk of complications would undoubtedly be greater and
whose risks are truly unknown. Considering the low risk
of autologous cellular therapy, it is reasonable and
prudent to raise such a possibility to patients. In
contrast, stem cell therapy has a low reported rate of
immediate complications. As with any new drug or
medical implant, however, patients should be aware
that long-term implications of autologous cell therapy
currently are unknown. Given that these are autologous
cells, a long-term adverse event rate may comparable
with skin graft surgery.

In addition to a discussion of risks, the success rate
and costs of the proposed treatment must be discussed.
Outcomes after a TKR may be improved if the patient
lives a sedentary lifestyle, but high-impact activities
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and a limited shelf life of 15 years remain concerning
limitations. Also, given the greater costs to patients,
insurance companies, and society associated with a
TKR, stem cell therapy is a more attractive option.

The weight of the clinical decision ultimately lies in
the informed consent of a patient. Stem cell therapy is a
novel approach to osteoarthritis but should not be
overlooked for the false sense of security in the current
standard of care. In fact, an honest review of the sta-
tistics and studies would suggest that a joint replace-
ment at a young age increases and compounds the
lifetime risk of an adverse event. If an alternative
treatment is reasonable, it should be at least discussed
with patients. Given this patient’s age and level of
function, stem cell therapy provides a relatively safe,
effective, and relatively low-cost method in treating
osteoarthritis in a 54-year-old active individual. Given
the known risks associated with a TKR, stem cell
treatment for this patient is very reasonable and may be
in the best interest of the patient.
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Wayne A. Colizza, MD, Rebuts
There is no question that stem cells provide great
promise in the treatment of a multitude of both ortho-
pedic and nonorthopedic conditions. Many questions
remain, however, with respect to the procurement,
development, characterization, biology, immunoge-
nicity, and safety of stem cells. There is substantial
heterogeneity in the methods of use of these cells.
Furthermore, there is simply a paucity of solid clinical
data establishing that mesenchymal stem cells (MSCs)
are effective.

A recent PubMed search (from 1990 to 2013) revealed
only 9 animal and 7 human studies addressing the use of
MSCs in the treatment of osteoarthritis [1]. This review
highlighted several of the questions that currently
remain unanswered. Are MSCs palliative or disease-
modifying? What is the optimal method of MSC admin-
istration? What is the optimal dosing, frequency, timing,
and number of injections? What is the optimal source of
MSCs? What is the optimal clinical imaging to determine
the effect of MSCs? Finally, what role can MSCs play in
the treatment of the joint deformity commonly seen in
osteoarthritis.

The use of stem cell therapy is growing despite the
lack of strong clinical evidence and, in some in-
stances, violation of FDA guidelines regarding manip-
ulation of cells. In contrast, knee replacement enjoys
strong clinical research support as to its efficacy, is
approved by the FDA, is relatively safe and cost-
effective, and addresses joint deformity. Further-
more, TKR is a durable procedure. Current knee
replacements do NOT have a “shelf-life” of 15 years.
Failure rates average 1% per year. The long-term
benefit of stem cell therapy in osteoarthritis simply
has not been determined.

The goal of treatment for osteoarthritis is relief of
pain and improvement in function. Fortunately, many
patients with osteoarthritis are able to achieve these
goals through nonoperative measures, including ac-
tivity modification, weight loss, rehabilitation, and
the use of nonsteroidal anti-inflammatory drugs and
viscosupplementation. The latter 2 modalities enjoy
both FDA approval and documented clinical success.
Stem cell use does not. I agree with Dr. Ibrahim when
he states that, “if an alternative treatment (other
than TKR for osteoarthritis) is reasonable, it should
be discussed with the patient,” MSC therapy, how-
ever, has not been proven to be an alternative to
TKR, nor has this therapy been documented to be any
more efficacious than other proven nonoperative
measures.

There is no question that the emerging use of stem
cell therapy faces a burdensome regulatory process
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that impedes clinical investigation. As this hurdle is
overcome, many of the questions surrounding stem
cell therapy will be answered. I believe this will lead
to better-defined clinical applications that will, one
day, allow many of our patients with osteoarthritis to
avoid surgical intervention. Unfortunately, that day is
not yet here. For our active 54-year-old patient with
advanced osteoarthritis, TKR remains the “standard of
care.”
Victor Ibrahim, MD, Rebuts
The ultimate goal in treating this patient is to improve
his function, and this is the critical starting point for
treatment in this case. There is no convincing study that
suggests that patients are able to maintain high-impact
activity after a TKR. A consensus that higher-level ac-
tivity is “reasonable” is not a fair argument to make to
patients who are truly seeking a higher level of function.
There is simply no data that convincingly point to any
improvement in function beyond activities of daily
living. Arguing that a patient can maintain high-impact
activity after a TKR is purely anecdotal. Although
many may argue that a stem cell approach is also
anecdotal, it is certainly not any less reasonable than a
TKR in this light.

The secondary, and perhaps more pressing matter, is
that of long-term outcome of any proposed treatment.
The longevity studies cited in the counter argument do
not extend beyond a decade. This 54-year-old active
individual will likely live beyond 64 years. What options
will he have then? Again, there are concerning data
regarding the success rates for revision surgeries. Pa-
tients undergoing stem cell treatments have demon-
strated no long-term restrictions or complications at 5
year follow-up [1].

Finally, what does this patient have to lose if he seeks
out a stem cell treatment? Perhaps the financial impli-
cation is consideration for pause, but a TKR can cost up
to $52,000 [2]. In the setting of a relatively younger
patient in whom there is a high likelihood for revision,
the life-time costs of a TKR may be even greater. If the
patient does not respond to stem cell treatment, knee
replacement remains a viable option. Sadly, the reverse
is not true.

When presenting clinical options for a patient in this
scenario, it is vital to be fair, honest, and thorough. Any
clinical decision should be evidence based and catered
to the patient’s individual goals. If there is a safe,
reasonable, and less-invasive alternative to surgery, it
should be offered to patients. It is important that we do
not withhold care options for patients when reasonable
alternatives are available. In fact one may question the
validity of a physician’s recommendations in this patient
if he or she does not discuss the currently available
literature regarding the available regenerative treat-
ment options.
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