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Abstract

Background In a previously reported series of 51 patients

with 62 cemented, fixed-bearing unicompartmental knee

arthroplasties, we reported a 10-year, 98% survival rate

with an average knee score of 92 points. The survivorship

and modes of failure past 10 years are incompletely

understood.

Questions/Purposes At 15-year followup we sought to

determine (1) the overall durability and survivorship of this

design; (2) modes of failure; and (3) the progression of

arthritis in the nonresurfaced compartments.

Methods Nineteen knees in 16 patients were available for

study with 34 patients lost to death and one lost to fol-

lowup. At 15 years, we analyzed the Kaplan-Meier

survivorship as well as durability with regard to radio-

graphic loosening and knee scores, determined modes of

failure, and assessed radiographs for degeneration in the

nonresurfaced compartments.

Results Fifteen-year survivorship was 93% and 20-year

survivorship was 90%. Four of 62 knees were revised to

total knee arthroplasty at a mean of 144 months. One knee

was revised for patellofemoral and lateral compartment

degeneration, one for lateral compartment degeneration,

one for polyethylene disengagement and metallosis, and

one for pain of unclear etiology. No patients had aseptic

loosening or osteolysis. The mean knee score was 78 at

latest followup. Arthritic progression in the nonresurfaced

compartments was common although symptomatic in only

two patients.

Conclusions With this cemented, fixed-bearing design,

the failure rates were low, there were no cases of failure

secondary to wear or loosening, and the survivorship was

similar to that reported for total knee arthroplasty.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.
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Introduction

Between 1998 and 2005, use of unicompartmental knee

arthroplasty (UKA) increased at a rate nearly triple that of

TKA [33]. Although early studies of UKA reported revi-

sion rates as high as 32% (seven of 22 knees) within

7 years of followup [11, 19], more recent studies have

demonstrated survival rates of greater than 90% at 10 years

[4, 7, 23, 39] and survivorship into the second decade

ranging from 70% to 92% [10, 22, 24, 25, 37, 38, 40].

We previously reported the results of 51 patients with

62 fixed-bearing UKAs at a minimum of 6 years [6] and

later 10 years [4, 5]. The 10-year survival rate was 98%,

and the 13-year survival rate was 96% with revision for any

reason or radiographic loosening as the end point. At a

minimum of 10 years, the mean Hospital for Special Sur-

gery knee score improved from 55 points (range, 30–79

points) preoperatively to 92 points (range, 60–100 points).

No components appeared radiographically loose, although

three knees had a complete tibial radiolucent line. These

lines appeared after the initial postoperative radiographs

but were nonprogressive in all cases.

The purposes of this report are to determine, at a min-

imum of 15 years of followup, (1) the overall durability

and survivorship of this design; (2) modes of failure; and

(3) progression of arthritis in the nonresurfaced

compartments.

Patients and Methods

The original cohort of 62 knees included 34 women and

17 men with an average age of 58 years (range,

51–84 years). The diagnosis was osteoarthritis in 53 knees

(85%) and osteonecrosis in nine knees (15%). Fifty-nine

arthroplasties (95%) involved the medial compartment and

three (5%) involved the lateral compartment.

The indications for this implant at the time were:

(1) unicompartmental osteoarthritis or osteonecrosis;

(2) radiographic evidence of preservation of the opposite

compartment and only mild radiographic signs of deterio-

ration of the patellofemoral joint; (3) ROM of at least 90�
with a flexion contracture of \ 15�; (4) minimal pain at

rest; (5) a relatively sedentary lifestyle; (6) a weight of

\ 275 lb (124.7 kg); and (7) age older than 50 years.

The contraindications were: (1) inflammatory arthritis;

(2) anterior knee pain; (3) knee instability; and (4) intra-

operative identification of greater than Outerbridge Grade 2

degeneration of the patellofemoral or adjacent tibiofemoral

compartment [26]. Of the original cohort, 34 patients died

and one was lost to followup, leaving 19 knees in

16 patients available for study at a minimum of 15 years.

All of the patients who died had well-functioning knees at

the followup before their death as confirmed by clinic notes

and/or family members. The 16 remaining patients

included four men and 12 women who had a mean age of

63 years (range, 58–73 years) at the time of the index

procedure. The underlying diagnosis was osteoarthritis in

18 knees and osteonecrosis in one knee in those followed at

a minimum of 15 years. The minimum followup was

15 years (mean, 19 years; range, 15–21 years). Three

knees in three of these 16 living patients were revised,

leaving 16 knees in 13 patients available for study

(Table 1). We obtained institutional review board approval

for this study.

A cemented, fixed-bearing Miller-Galante unicompart-

mental knee system (Zimmer, Warsaw, IN, USA) was

implanted in all patients. Exposure was achieved through a

medial parapatellar arthrotomy, and an intramedullary

femoral cutting jig and an extramedullary tibial cutting jig

were used in all knees.

We evaluated patients clinically using the Hospital for

Special Surgery (HSS) knee scores [12] because this score

was used in our prior reports. Patients were evaluated

clinically at 3 weeks, 6 weeks, 3 months, 1 year, and every

year thereafter and radiographically at 6 weeks and every

year thereafter. Eight knees in eight patients who were

unable to followup in the clinic were contacted by tele-

phone by two observers (JRHF, NMB) not involved with

the index procedures. We obtained standing AP, supine

lateral, and merchant patellar views of the knee for radio-

graphic analysis. Eight patients (nine knees) had

radiographic evaluation at a minimum of 15 years. Three

of us (JRHF, NMB, CJD) independently evaluated arthritic

progression in the nonresurfaced compartments by com-

paring the 6-week and the most recent radiographs using

the following grading system [6]: Grade 1, osteophytes

without joint space narrowing; Grade 2, B 25% joint space

Table 1. The findings reported at each of the three followup periods

Patient details Minimum 6-year

followup study

Minimum 10-year

followup study

Minimum 15-year

followup study

Total number followed 51 knees (40 patients) 49 knees (38 patients) 19 knees (16 patients)

Mean duration of followup (years) 7.5 (range, 6–10) 12 (range, 10–13) 19 (range, 15–21)

Died before minimum followup 10 knees (10 patients) 13 knees (13 patients) 42 knees (34 patients)

Lost to followup 1 knee (1 patient) 0 knees 1 knee (1 patient)
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narrowing; Grade 3, 26% to 50% joint space narrowing;

and Grade 4, [ 50% joint space narrowing. Radiographic

analysis of loosening was performed based on the method

of the Knee Society [8]. The bone-cement interfaces and

the prosthesis-cement interfaces were evaluated in each of

10 zones for radiolucencies [6]. Radiolucencies were

considered progressive if there was an increase in size of

the radiolucency or if the radiolucency progressed from

one zone to an adjacent zone with time. Sequential radio-

graphs were reviewed for evidence of component

subsidence or position change. Definite loosening was

defined as a change in position (subsidence) of [ 2 mm or

an angular change of [ 3� relative to the surrounding bone

as seen on sequential radiographs with the use of the early

radiographs as a baseline [4, 35]. Osteolysis was evaluated

using previously described methods [29].

We performed Kaplan-Meier survivorship analysis at 15

and 20 years using data from the entire cohort with revi-

sion for any reason or radiographic loosening as the end

point. In cases in which revision surgery had been per-

formed, we reviewed operative reports and the prerevision

radiographs to determine the cause of failure. When pos-

sible, the explanted components and/or pathology reports

were also obtained to confirm the cause of failure.

Results

Kaplan-Meier survival analysis of all 62 knees in the ori-

ginal cohort revealed a 15-year survivorship free of

revision for any reason of 93% (95% CI, 83%–98%) and a

20-year survivorship of 90% (95% CI, 79%–96%; Fig. 1).

Four of 62 knees were revised at a mean of 144 months

(range, 87–204 months).

At last followup, nine patients (11 knees) had [ 85

points on the HSS scale, one patient (one knee) 76 points,

and four patients (four knees) \ 60 points (Table 2). Of the

four patients with scores below 60, one had a neurological

disorder, one had intractable back pain, and two had

osteoarthritis in multiple joints.

No patient had radiographic evidence of component

loosening or osteolysis. In our prior report, three knees had

a complete radiolucent line at the bone-cement interface of

the tibial component; two of these knees were in one

patient who died before 15 years without associated

symptoms, and the third was in a patient with a knee score

at most recent followup of 94 points who refused further

radiographic evaluation. It is thus unknown if this knee was

well fixed or loose but stable and asymptomatic.

Two of the five failures were described at a minimum of

10 years [4, 5]; however, further investigation into the

reasons for revision was performed to confirm the mode of

failure. The first revision was performed at 87 months at an

outside hospital. The operative report and prior article

identified persistent pain and patellofemoral arthritis as the

causes of failure. Radiographs revealed Grade 1 changes of

the patellofemoral and lateral compartments at both 3 and

84 months (no interval change); thus, the reason for revi-

sion is unclear. The operative report of the second patient

revised at 127 months identified patellofemoral and lateral

compartment arthritis as the reason for revision. Radio-

graphs performed 56 months postoperatively showed

evidence of metallosis that was confirmed with the

pathology report from the revision procedure. Examination

of the explanted components suggested the polyethylene

liner had dislodged or had never been engaged properly,

suggesting arthritis progression was not the cause of fail-

ure. Two knees were revised since the prior report at

157 months and 204 months. The revision at 157 months

was performed for patellofemoral and lateral compartment

degeneration that was confirmed radiographically with

Grade 4 changes of the patellofemoral articulation and

Grade 2 changes of the lateral compartment seen on pre-

revision radiographs. The patient revised at 204 months

had a history of a prior high tibial osteotomy. Immediate

Fig. 1 Kaplan-Meier survivorship curve (and 95% CI) with revision

for any reason as the end point. The cumulative survival rate is 93%

(95% CI, 83%–98%) at 15 years and 90% (95% CI, 79%–96%) at

20 years.

Table 2. A comparison of HSS scores at each of the three followup

periods

Clinical result

(HSS score)

Minimum

6-year

followup

(N = 51)

Minimum

10-year

followup

(N = 49)

Minimum

15-year

followup

(N = 16)

85–100 points 40 (78%) 39 (80%) 11 (69%)

70–84 points 10 (20%) 6 (12%) 0 (0%)

60–69 points 1 (2%) 4 (8%) 1 (6%)

B 59 points 0 (0%) 0 (0%) 4 (25%)*

* Each patient with an HSS B 59 score had additional medical

comorbidities that contributed to poor functional scores (see Results);

HSS = Hospital for Special Surgery.
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postoperative radiographs showed a tibiofemoral mechanical

axis of 7� of valgus, and prerevision radiographs confirmed

Grade 3 lateral compartment progression; she had Grade 2

lateral compartment changes in our previous report.

Although this suggests lateral compartment disease pro-

gression as the potential cause of failure, it also suggests a

technical error in alignment at the time of the index sur-

gical procedure. All components were well fixed at the

time of revision.

All nine knees with radiographic evaluation at a mini-

mum of 15 years had evidence of deterioration in the

adjacent tibiofemoral compartment and/or the patellofem-

oral compartment (Tables 3, 4). One patient who had

Grade 4 adjacent compartment changes had an HSS knee

score of 76 points at 252 months. Two patients had Grade 4

changes of the patellofemoral compartment. They had HSS

scores of 91 and 86 at 204 and 234 months of followup,

respectively.

Discussion

Our goal was to determine, at a minimum followup of

15 years, (1) the overall durability and survivorship of this

UKA design; (2) modes of failure; and (3) the progression

of arthritis in the nonresurfaced compartments. Studies

examining the results of UKA into the second decade of

use have reported failure rates ranging from 3% to 35%

(Table 5), whereas we report a failure rate of 6% (four of

62). Although we observed no failures resulting from

aseptic loosening, others have reported long-term aseptic

loosening rates ranging from 0.5% to 18% [4, 7, 10, 13, 21,

24, 25, 31, 37–40]. Finally, although we found that all

patients with radiographic followup had arthritic progres-

sion in the nonresurfaced compartments, in only two cases

(4%) did this progression require revision. In comparison,

other long-term series have reported failure resulting from

arthritic progression to range from 3% to 9% [4, 7, 10, 13,

21, 24, 25, 31, 37–40].

There are several limitations of this study. First, because

of the length of followup, a large proportion of the original

cohort died. This large death rate inherently undermines

the analyses that follow; however, we made every effort to

understand the function of each knee at the time of death

based on family member descriptions and latest progress

notes. It is conceivable that this methodology may have

missed radiographic loosening or subtle clinical failure

based on poor observations and/or incomplete recollection

by family members. The high death rate in this cohort also

calls into question the generalizability of our findings to

that of a younger, more active cohort of patients in which a

higher percentage would be expected to be alive at 15 to

20 years of followup. Second, like any retrospective study,

certain data points were incomplete. Some patients were

interviewed by telephone only, and we were unable to

obtain the latest radiographs for all patients. Third, AP and

merchant patellar views of the knee are dependent on the

degree of knee flexion as well as the angle of the xray

beam, and therefore measurement of tibiofemoral and

patellofemoral degeneration is inherently difficult to

accurately interpret. Several authors independently evalu-

ated the radiographs to help minimize this issue. The lack

of complete radiographic followup on all patients is a

major limitation of this study, and therefore the finding that

there were no cases of radiographic loosening must inter-

preted with caution, because some cases of loosening may

have been missed. Finally, there are inherent limitations in

the HSS scoring system, because comorbidities are not well

accounted for but can substantially affect the final scores.

We found 15- and 20-year survivorship free of revision

of 93% and 90%, respectively, in this series using this

cemented, fixed-bearing UKA design. With a mean fol-

lowup of 15 years, four patients (6%) out of the original

cohort of 62 underwent revision, and no knees failed sec-

ondary to aseptic loosening. The majority (67%) of patients

in this series died with well-functioning knees, illustrating

the durable long-term survivorship of UKA in this older

patient population. The survivorship of this cohort com-

pares favorably with the survivorship reported in recent

long-term TKA studies [1, 17] as well as other long-term

Table 3. The rate of radiographic patellofemoral arthritic progres-

sion at each of the three followup periods

Grade Minimum

6-year

followup

(N = 51)

Minimum

10-year

followup

(N = 49)

Minimum

15-year

followup

(N = 9)

No progression 36 (71%) 28 (57%) 1 (11%)

Grade 1 12 (24%) 13 (27%) 3(33%)

Grade 2 3 (6%) 1 (2%) 3 (33%)

Grade 3 0 (0%) 3 (6%) 0 (0%)

Grade 4 0 (0%) 4 (8%) 2 (22%)

Table 4. The rate of radiographic adjacent tibiofemoral compart-

ment arthritic progression at each of the three followup periods

Adjacent

compartment

progression

Minimum

6-year

followup

(N = 51)

Minimum

10-year

followup

(N = 49)

Minimum

15-year

followup

(N = 9)

No progression 31 (61%) 21 (43%) 3 (33%)

Grade 1 12 (24%) 19 (39%) 2 (22%)

Grade 2 4 (8%) 6 (12%) 1 (11%)

Grade 3 1 (2%) 3 (6%) 2 (22%)

Grade 4 0 (0%) 0 (0%) 1 (11%)
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UKA studies [4, 7, 10, 13, 21, 24, 25, 30, 37–40] (Table 5).

When comparing the results of this cohort with that of

other TKA and UKA cohorts, it is important to take into

account the key characteristics of the current population

(including age and selection criteria), and as such, the

generalizability of our findings should be undertaken with

caution. Several factors likely contributed to the excellent

long-term durability in this series. First was the conserva-

tive selection on the basis of the criteria of Kozinn and

Scott [16]. Exclusion criteria included inflammatory

arthritis, patients with anterior knee pain, knee instability,

or intraoperative identification of greater than Outerbridge

2 degeneration of the patellofemoral or opposite tibio-

femoral compartment. Additionally, the average age of

patients in our cohort was relatively old (mean age,

68 years) and as such, activity levels, although not

explicitly measured, were likely to be moderate in our

population. Additionally, undercorrection of sagittal

deformity and avoidance of anterior placement of femoral

component (or oversizing the femoral component) to avoid

patellofemoral impingement [10, 20, 36] likely played

important roles as well. It is notable that all four knees with

Grade 4 patellofemoral changes demonstrated evidence

of impingement of the patella against the femoral compo-

nent [10].

Various modes of failure of UKA have been reported [2,

9, 21, 24, 25, 38], including adjacent tibiofemoral com-

partment or patellofemoral compartment degeneration,

aseptic loosening, polyethylene wear, mechanical failure,

and infection. In many studies, unfortunately, the exact

mode of failure is difficult for the reader to determine. In

our present report, further review of prior reported failures

revealed the stated causes of failure were not supported by

the prerevision radiographs, pathology reports, and/or

examination of the explanted components. Although we

previously reported both failures as related to patellofem-

oral degeneration, in one case, degeneration of the

nonresurfaced compartments could not be confirmed, and

the patient seems to have been revised for pain alone, and

in the second, disengagement of the polyethylene liner

(possibly the result of technical error) occurred leading to

metallosis. The available data from large registries [14, 15,

34] consistently show a higher rate of revision for UKA as

opposed to TKA. This may be explained by surgeons and

patients alike having a lower threshold for revising a partial

as opposed to a TKA. In the two failures noted since the

prior report, one was related to patellofemoral progression

and the second appeared to have been associated with

overcorrection of deformity in a patient with a prior high

tibial osteotomy leading to lateral compartment disease.

Previous literature has shown failure rates of UKA after

high tibial osteotomy as high as 28%, particularly in the

setting of valgus alignment of the extremity [32].

Progression of arthritis in the nonresurfaced compart-

ments is a common concern for both patients and surgeons.

The rates of patellofemoral progression in reported series

Table 5. Studies of unicompartmental knee arthroplasty with minimum 10-year followup

Study Year Number

of UKAs

Minimum

followup

(years)

(mean)

Prosthesis

design

Bearing Number of

failures (%)

Reason for failure

Patellofemoral Adjacent

tibiofemoral

Aseptic

loosening

Other*

Marmor [21] 1988 60 10 (11) Marmor Fixed 21 (35%) 2% 3% 18% 12%

Weale and

Newman [40]

1994 42 12 (N/A) St George Sled Fixed 5 (12%) N/A N/A N/A N/A

Cartier et al. [7] 1996 60 10 (12) Marmor Fixed 9 (15%) 0 3% 2% 10%

Squire et al. [37] 1999 140 15 (17) Marmor Fixed 14 (10%) 0 5% 4% 1%

Svard and Price [39] 2001 124 10 (13) Oxford Mobile 6 (5%) 0 0 2% 3%

Hernigou and

Deschamps [10]

2002 99 10 (14) Lotus Fixed 22 (22%) 1% 3% 17% 1%

Khan et al. [13] 2004 30 10 (N/A) St George Sled Fixed 2 (7%) 0 0 3% 3%

Price et al. [31] 2005 114 10 (N/A) Oxford Mobile 24 (21%) 0 9% 5% 7%

Berger et al. [4] 2005 62 10 (N/A) Miller-Galante Fixed 2 (3%) 3% 0 0 0

O’Rourke et al. [25] 2005 136 21 (N/A) Marmor Fixed 19 (14%) N/A 7%� 6% 1%

Steele et al. [38] 2006 203 10 (15) St George Sled Fixed 16 (8%) 0.5% 3% 0.5% 4%

Newman et al. [24] 2009 24 15 (15) St George Sled Fixed 4 (17%) 0 8% 4% 4%

Foran et al.

(current study)

2011 62 15 (19) Miller-Galante Fixed 4 (6%) 2% 2% 0 4%

* Other causes include: infection, arthrofibrosis, recurrent hemarthrosis, dislocation, instability, polyethelene wear, component fracture,

unexplained pain; �the location of disease progression (patellofemoral versus tibiofemoral) not specified; N/A = not available.
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of the Miller-Galante UKA range from 17% to 60% [3, 5,

18, 27, 28]. However, in long-term ([ 10-year) studies of

UKA of multiple designs, the failure rate resulting from

arthritic progression of either the patellofemoral and/or

adjacent tibiofemoral compartment is lower and ranges

from 3% to 9% [4, 7, 10, 13, 21, 24, 25, 31, 37–40]. This

indicates that arthritic progression does not necessarily

portend poor outcomes. This is in keeping with our findings

because although all knees with minimum 15-year radio-

graphic followup had evidence of adjacent tibiofemoral

compartment or patellofemoral compartment degeneration,

most patients who had radiographic evidence of progres-

sion did not have associated clinical symptoms that

necessitated further surgery. Only two failures (3%) in this

cohort were secondary to arthritic progression. Further-

more, two patients who had Grade 4 changes ([ 50% joint

space loss) had knee scores greater than 90 points, and the

third had a score of 76 points.

Based on our findings and a synthesis of the literature,

we continue to use a cemented, fixed-bearing UKA with a

metal-backed tibial component for patients who present

with unicompartmental osteoarthritis or osteonecrosis. The

93% survivorship at 15 years reported in our series is likely

in large part the result of our conservative indications. It

remains to be determined how broadening the indications,

especially with regard to age and adjacent and/or

patellofemoral disease, affects the long-term survivorship.

Our findings suggest that, with conservative selection

criteria, and in this older patient population (mean age,

68 years), the 15-year survivorship of fixed-bearing UKA

is similar to that of TKA. Although arthritic progression in

the nonresurfaced compartments appears common at long-

term followup, most progression is low grade, and high-

grade progression is not necessarily associated with clinical

symptoms and thus does not necessarily lead to revision.
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