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knee replacement (UKR), and compare outcomes between (1) young patients aged younger
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than 55 at surgery and those older, (2) those with long-term follow-up greater than 10

years, (3) cemented and cementless UKR, and (4) compare outcomes to those with an intact

Keywords: ACI.« . . . . .
Anterior cruciate ligament reconstruction Patients and methods: We identified knees with staged or simultaneous ACL reconstruction
Unicompartmental knee replacement and medial UKR from a prospectively followed designer UKR cohort, and describe mean Oxford
Outcomes Knee Score (OKS), mean Tegner activity score and Kaplan-Meier survival estimates. We
Implant survival matched these knees to ACL-intact knees.

Results: Seventy-six consecutive UKR with staged or simultaneous ACL reconstruction were
identified with mean six-year follow-up (range 1-15). There was significant improvement in
OKS and Tegner score with surgery. At most recent follow-up, OKS was 41.0 (range 11 to
48), and Tegner score 3.6 (0 to 8). There were three revisions occurring at a mean of five
years post-operatively. The five-, 10- and 15-year survival estimates were 97% (95% confidence
interval [CI] 93-100), 92% (83-100), and 92% (83-100). There was no difference in functional
scores or implant survival in young patients, those with long-term follow-up (>10 years), those
with cementless fixation, or when compared to ACL intact knees.
Conclusion: These results demonstrate excellent mid- to long-term function and survival of se-
lected patients who have undergone ACL reconstruction and medial UKR. Their outcome was
similar to those with intact ACLs.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

A deficient anterior cruciate ligament (ACL) is considered a contraindication to medial unicompartmental knee replacement
(UKR) due to increased risk of tibial component loosening [1-3]. However, occasionally patients present with medial osteoarthritis
and meet all the indications for UKR except have a deficient ACL. These patients tend to be young and active. The management is
therefore challenging due to the need for a high functioning and durable knee. Current management options include high tibial
osteotomy (HTO) with or without ACL reconstruction, UKR with or without ACL reconstruction, and total knee replacement (TKR).
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Anteroposterior knee joint laxity owing to deficiency of the ACL allows the femur to sublux posteriorly on the tibia, and it is
thought that recurrent loading on the posterior part of the medial meniscus and underlying articular cartilage of the tibia pro-
duces attritional meniscal damage and leads to posteromedial osteoarthritis [4]. Frequently when posteromedial osteoarthritis de-
velops as a result of ACL deficiency the rest of the knee is in good condition with full thickness cartilage laterally and a normal
functioning MCL. In this situation, it is reasonable to consider a combined ACLR and UKR. It is important to determine that ACL
deficiency occurred primarily, and is not secondary to the osteoarthritic process. In primary medial compartment osteoarthritis,
the disease tends to begin in extension and the competent ACL restricts loading to the anterior tibia resulting in anteromedial os-
teoarthritis. Although a varus deformity develops, this is correctable as the MCL is not shortened as it is pulled out to full length
each time the knee flexes and the femur rolls back onto normal cartilage posteriorly. With time, the ACL is progressively damaged,
and the arthritis extends posteriorly [5-7]. By the time the ACL is destroyed, the medial collateral ligament has usually shortened
and the lateral compartment shows evidence of osteoarthritis involvement [8,9]. This means that a UKR would be inappropriate,
and the best option is a TKR.

In appropriate patients, there has been increasing interest in UKR with ACL reconstruction. Good patient reported outcomes
(PROMs) and mainly short-term implant survival has been reported from three centres [10-12]. We have previously published
our experience with ACL reconstruction and the Oxford Phase IIl meniscal-bearing UKR [9,10]. The primary aim of the current
study is to extend follow-up and include a larger sample, by reassessing PROMs and implant survival from patients who have un-
dergone ACL reconstruction with a staged or simultaneous medial UKR. Our secondary aims were to compare the outcomes of
patients (1) younger or older than 55 years of age, (2) less than or greater than 10-year follow-up, (3) cemented or cementless
UKR fixation, and (4) to compare outcomes with a matched UKR cohort with intact ACLs.

2. Material and methods
2.1. Patients

We identified consecutive patients from our prospectively collected database. We included all patients that had undergone ACL
reconstruction and staged or simultaneous medial meniscal-bearing UKR between January 2001 and July 2016 that were per-
formed by the two senior surgeons (CAFD, DWM,) who are designers of the UKR prosthesis. In 2010, the prosthesis changed
from the cemented Oxford UKR (Zimmer Biomet, Bridgend, United Kingdom) implanted with the minimally invasive Phase III in-
struments, to cementless Oxford UKR components (Zimmer Biomet, Bridgend, United Kingdom) that use hydroxyapatite coating
to allow bone ingrowth into the component. Most of these were implanted with the new minimally invasive Microplasty
instruments.

Patients were offered ACL reconstruction and Oxford UKR if they had significant symptoms and presented with isolated medial
bone-on-bone osteoarthritis. Other inclusion criteria included a correctable intra-articular varus deformity (thereby indicating a
functionally normal MCL), full thickness cartilage laterally and an intact posterior cruciate ligament (PCL). If a patient's primary
complaint was pain, then a simultaneous ACL reconstruction and Oxford UKR were performed. If instability was the presenting
complaint, then an ACL reconstruction was undertaken as a primary procedure. If the patient subsequently presented with pain
attributable to their arthritis, then an Oxford UKR was undertaken. This was classified as a staged ACL reconstruction and UKR.
The technique for simultaneous and staged ACL reconstruction and UKR, using either hamstring or patella tendon graft has pre-
viously been described [9]. Additionally, patients who had undergone previous ACL reconstruction without osteoarthritis, and sub-
sequently developed osteoarthritis sufficient for UKR were also offered UKR. If the ACL was functioning, the reconstruction was
not revised, even in the presence of suboptimal tunnel placement and/or laxity of the reconstructed ACL. These were also classi-
fied as staged ACL reconstruction and UKR.

Patients were followed up and seen in person by physiotherapists independent of the clinical and surgical teams involved in
patient care. Where patients were unable to attend, a telephone or postal questionnaire was used. Functional outcomes were
assessed using the Oxford Knee Score (OKS; 0 to 48 with 48 being best outcome) [13], and the Tegner Activity Score [14] (0
to 10 with 10 being participation as an elite national athlete). Revision was defined as the removal, exchange or addition of
any implant component. This included bearing exchange for bearing dislocation, addition of a lateral UKR for lateral compartment
progression, or conversion to TKR.

2.2. Statistical analysis

2.2.1. Variables
Demographic variables included were age, sex, and body mass index (BMI). Baseline preoperative OKS and Tegner Score were
recorded. Age, BMI, preoperative OKS and preoperative Tegner Score were normally distributed.

2.2.2. Outcome variables

Most recent OKS and Tegner score were assessed. The most recent OKS was left skewed, while the Tegner Score was normally
distributed. A binary variable was used to denote whether a patient had been revised. Each patient follow-up was recorded, with
follow-up being censored if revised. Revision was defined as any component removal, addition or exchange.
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2.2.3. Main analysis

We present means (standard deviation) and medians (interquartile range) depending on the underlying distribution. Student's
t-tests, Mann-Whitney U or chi-squared tests were used to assess for baseline differences between groups. Wilcoxon signed rank
tests were used to assess scores over time. Statistical significance was set at an alpha value of <0.05, and power to 0.8. Implant
survival is assessed with Kaplan-Meier estimates and component time incidence rates. A log rank test was used to test for signif-
icant differences between groups.

2.2.4. Subgroup analysis

Four subgroup analyses were performed. We looked at those younger and older than 55 years of age at surgery, those
with a minimum of 10 years of follow-up and compared cemented and cementless fixation. Finally, we performed a
matched comparison with a group of ACL intact patients. Matching was performed against a database of 1000 cemented
Phase III Oxford UKR which has previously been reported in detail [15,16]. We used the Matchlt algorithm [17] in R to
perform 1:1 matching using covariates: age, weight, sex, preoperative OKS, and preoperative Tegner score as matched
variables.

2.2.5. Missing values

Four knees in four patients were lost to follow-up. Of the remaining knees, preoperative PROMs were missing in about 30%.
One did not have postoperative OKS and Tegner Score available due to early revision, but the remaining 75 were available. The
revision status of the knee was available in all cases apart from the four lost to follow-up. Analysis was conducted on available
data.

Statistical analysis was performed in Stata (STATA Corp, Texas, United States of America) and R (R Core Team 2016, Vienna,
Austria).

2.3. Conflict of interest

The author or one of more of the authors have received or will receive benefits for personal or professional use from a com-
mercial party related directly or indirectly to the subject of this article. In addition, benefits have been or will be directed to a
research fund, foundation, educational institution, or other non-profit organisation with which one or more of the authors are
associated.

3. Results
3.1. Baseline characteristics

We identified 80 consecutive knees (79 patients) that met the inclusion criteria. Four knees were lost to follow-up leaving 76
knees in 75 patients for final analysis. The mean age was 52.6 (range 36 to 71), and mean follow-up was 6.4 years (1 to 15)
(Table 1).
3.2. Functional outcome

There was significant improvement in OKS and Tegner score with surgery. Mean preoperative OKS was 29.0 (14 to 46), im-

proving to 41.0 (11 to 48; p<0.001; Table 2), and mean preoperative Tegner score was 2.8 (1 to 5), improving to 3.6 (0 to 8;
p = 0.005). Sixty-three (83%) achieved good or excellent OKS outcome.

Table 1
Cohort demographics
Cohort

Number of patients 75
Number of knees 76
Mean age in years (range) 52.6 (36to 71)
Mean BMI (SD) 28.2 (4)
Number female (%) 16 (21%)
Mean preoperative OKS (SD) 29.0 (8)
Mean preoperative Tegner score (SD) 2.8 (1)
Mean follow-up in years (range) 6.4 (1to15)

BMI = body mass index, OKS = Oxford Knee Score, SD = standard deviation
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Table 2
Postoperative outcomes of subgroups.

Cementless Cemented P Age<55 Age>55 P FU<10 FU>10 P Simultaneous Staged P

value value value value

Median postoperative 440(41to 450(37 082 44(36to 46(42to 0.03 44(36to 46(39 025 45(41to47) 39(35to 0.24

OKS (IQR) 47) to 47) 46) 47) 47) to 48) 46)
Mean postoperative 3.6(2) 3.5(1) 094  36(1) 3.5(1) 091 35(2) 39(1) 019 3.6 (2) 34(1) 0.69
Tegner score (SD)
N revised (%) 0 (0%) 3 (7%) 0.29 2 (4%) 1(3%) 0.89  3(5%) 0(0%) 017 2 (3%) 1(6%) 0.99
Five-year Kaplan-Meier 100% 95.3% 97.4% 96.6% 96.2 100% 98.3% 94.1%

survival (CI) (89-100) (93-100) (90-100) (91-100) (95-100) (84-100)

3.3. Implant survival

There were three revisions (3.9%) occurring at a mean of five years, all of which were revised to TKR. One diabetic pa-
tient who underwent a simultaneous ACLR and cemented UKR required a two-stage revision to a TKR after five months
due to an early deep infection. The next revision occurred four years after surgery due to disease progression in a patient
who underwent a staged ACL reconstruction and cemented UKR. However, in this patient the ACL reconstruction had
been performed elsewhere seven years prior to primary UKR. On assessment at the time of UKR, the tibial tunnel was
suboptimal, and the ACL graft was found to be lax. Another patient who underwent simultaneous reconstruction and
cemented UKR also developed disease progression in the lateral compartment at 9.9 years, and this was also converted
to a primary TKR.

Kaplan-Meier survival estimates at five, 10 and 15 years were 97.0% (n at risk = 47, 95% confidence interval [CI] 88-99), 92.3%
(at risk 14; CI 74-98), and 92.3% (at risk 2; CI 74-98; Figure. 1).

3.4. Subgroup analyses
3.4.1. Baseline

Subgroups were comparable, though with significant differences in the follow-up of patients, and small differences in age (Ap-
pendix Table A).

Figure 1: Kaplan-Meier survival estimate for combined ACL
reconstruction and medial UKR
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Figure 1. Kaplan-Meier survival estimate for combined ACL reconstruction and medial UKR.
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Preoperative and Postoperative Oxford Knee Scorein
selected subgroups

O Pre op [ Post op

T

Oxford Knee Score

Age 55+ ACL intact ACL reconstructed
Subgroup

Figure 2. Preoperative and Postoperative Oxford Knee Score in selected subgroups. ACL = anterior cruciate ligament. Age recorded in years at surgery. Median
value represented by bar height, error bars represent interquartile range.

3.4.2. Age <55 vs 55 + years

Those aged younger than 55 years at surgery had lower preoperative OKS (mean 27.3 standard deviation [SD] 8 vs 32.2 SD 7,
p = 0.01). Those younger than 55 at surgery (n = 47) had slightly worse OKS (median 44 vs 46, p = 0.03, Table 2, Figure 2), but
comparable Tegner score (mean 3.6 vs 3.5, p = 0.19) and revisions (p = 0.89).

3.4.3. Follow-up > 10 years

Thirteen knees in 13 patients had minimum 10-year follow-up (median 12, range 10 to 15 years). These knees had a median
OKS of 46 compared with 44 for those with less than 10 years of follow-up (p = 0.25; Table 2), and mean Tegner score of 3.9 (SD
1) vs 3.5 (SD 1, p = 0.19). Additionally there were no revisions in any knee with greater than 10 years of follow-up (p = 0.17).

3.4.4. Cemented vs cementless
Cementless components (n = 33) had a shorter follow-up due to their staged introduction (median follow-up 2.5 years vs 9.8
years for cemented components) but were not associated with any difference in outcome (Table 2).

3.4.5. Staged vs simultaneous UKR and ACL reconstruction

Fifty-eight (76%) underwent simultaneous reconstruction and UKR, the remaining 18 knees having a staged procedure with
mean time between reconstruction and UKR being 6.1 years. The simultaneously reconstructed group were older (mean 49
years vs 54 years, p = 0.02). There were no differences in outcome (Table 2).

3.4.6. ACL reconstructed UKR vs ACL intact UKR

A subgroup of knees with complete preoperative demographics (n = 46) were matched 1:1 on age, sex, weight,
preoperative OKS, and preoperative Tegner score with cemented medial UKR with an intact ACL (Appendix Table B). No
differences were found in outcome in OKS (ACL reconstructed median OKS 44 [interquartile range (IQR) 36-47] vs 44
[IQR 39-47], p = 0.47), Tegner score (mean 3.5 [SD 1] vs 3.7 [SD 2], p = 0.52), or five-year Kaplan-Meier survival (97.8%
vs 100%, p = 0.17).

4. Discussion

Our results demonstrate good mid- to long-term function and survival for ACL reconstructed patients undergoing medial
UKR, with a mean OKS of 41 points, and a 10-year survival of 92.3%. The survival estimate was the same out to 15 years,
albeit with small numbers. In addition, we show that the results are excellent for patients of all ages. In particular, there
are excellent results in young patients (younger than 55 years of age) who often have ongoing symptoms following
arthroplasty [18]. Furthermore, the results did not deteriorate after 10 years. We believe this cohort now constitutes the
largest number of patients with longest follow-up of ACL reconstruction and medial UKR reported in the literature, and
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provides further evidence that in appropriately selected patients ACL reconstruction with medial UKR provides excellent
function and implant survival.

The management of young patients with osteoarthritis is difficult. Primary osteoarthritis is rare in patients aged <50 years
[19,20], and in this group, osteoarthritis is often secondary to an ACL injury [4]. This condition is becoming increasingly common
with more sports injuries, and these patients are functionally demanding. Restoring function and relieving pain are important ob-
jectives, but concern over subsequent operations and preservation of bone exist. Our results demonstrated a median OKS of 44 in
our subgroup younger than 55 at operation. This was two points lower than those older than 55 at surgery. However this group
had a lower preoperative OKS so their change in OKS was greater, but also the patients having ACL reconstruction over the age of
55 represent a highly active group for their age.

There are multiple series now reporting excellent 10-year survival results with Oxford UKR in ACL intact knees [16,21-
28]. A key determinant of successful Oxford UKR outcome is correct indications for use [21,24,29]. These are well-defined
with the main indication being anteromedial osteoarthritis with the requirement of bone-on-bone osteoarthritis of the me-
dial compartment, full thickness cartilage in the lateral compartment, and functionally intact medial collateral and anterior
cruciate ligaments. These are satisfied in up to half of patients undergoing knee replacement [21,30]. Arthritis occurring after
a primary ACL rupture that is appropriate for combined UKR and ACLR is much rarer and accounts for one to two percent of
our knee replacement practice.

We switched to cementless components midway through the study period. When combined with ACL reconstruction we
have not experienced any failures with these components. It is reassuring to see that changes in the component fixation
have not affected the outcome. A confounding factor in this analysis was the temporal aspect to the switch, with both sur-
geons switching to cementless components after their cemented components. In addition, the majority of cementless com-
ponents were implanted with the improved microplasty instruments [31,32]. This raises the possibility of increased surgeon
experience contributing to the results. There were no significant differences between the ACL reconstructed group and the
ACL intact group which suggests a return of premorbid ACL function following reconstruction.

Other studies have reported outcomes with ACL reconstruction and subsequent fixed or mobile bearing UKR. Ventura et al.
[12] reported their outcomes in 14 patients with a fixed bearing device. They report a mean OKS of 43 at a mean follow-up of
26.7 months. They have not had any revisions. Tian et al. [11] report on 28 patients also treated with Oxford UKR, and report a
mean OKS of 43 at a mean follow-up of 52 months. They reported two bearing dislocations, and in both a thicker bearing was
inserted with no further problems. Tinius et al. [33] reported 27 patients with fixed bearing UKR, mean follow-up was 50 months,
and they had not had any revisions. They did not report OKS.

The risk of TKR revision in younger patients is substantially higher than in older patients with the National Joint Registry
reporting a nine percent 10-year revision rate for TKR in patients younger than 55 years [34] which is similar to the revision
rate of our ACLR UKR patients. Furthermore, by carrying out this procedure there is usually the option of later conversion to a
primary TKR if the knee fails. Revision of TKR often involves greater bone loss requiring use of more stems and augments com-
pared to UKR revision [35-37]. Furthermore, in matched comparisons PROMs tend to be lower in TKR than UKR [38,39]. Despite
this, it remains an option in this scenario. An alternative operation in the young patient with isolated compartment osteoarthritis
and varus alignment is HTO with or without ACL reconstruction. However, patients that do well with HTO tend to be different
from those who do well with Oxford UKR. The UKR is very reliable if there is true bone-on-bone osteoarthritis whether there
is varus alignment or not [40,41], and is contraindicated when there is not bone-on-bone [42]. In contrast, HTO is most reliable
if there is not bone-on-bone, and there is varus alignment [43-45]. Despite this, the United Kingdom Knee Osteotomy Registry
First Annual Report [46] shows that almost one in five osteotomy patients had bone-on-bone, and that the majority (70%) of
the 1652 registered patients were aged between 40 and 55, similar to the age in our study. It does not report on the status of
the ACL, or if combined reconstruction was undertaken. No study exists comparing UKR and HTO in patients with ACL reconstruc-
tion. A comparison of PROMs in ACL intact knees suggests that, even though the groups may not be well-matched, HTO when
compared to UKR has worse PROMs [47-49]; perioperative complications are higher [48,50], and the requirement for subsequent
surgery is also higher [47,48,50,51]. Thus, the management of patients who have bone-on-bone medial osteoarthritis with com-
bined ACL reconstruction and UKR is attractive. It preserves bone stock, and allows patients a very active life.

The main limitation of the study is that we did not perform a radiological analysis as part of this study. We are therefore unable
to comment on radiological changes such as lateral disease progression that has not been revised, nor the technical quality of the
ACL reconstruction. In addition, the temporal change to cementless components raises the possibility of confounding owing to in-
creased surgeon experience for this comparison. All the comparative analyses are limited by small sample sizes, and are at risk of
false positive and false negative findings. The strength of this series is that this is a prospectively followed series of consecutive cases.

Conclusions

In conclusion, ACL reconstruction and Oxford UKR in appropriate patients appears to provide excellent outcomes in the man-
agement of osteoarthritis and ACL deficiency in the mid- to long-term.
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Appendix A. Appendices

Table A
Baseline demographics for subgroup comparisons.

Cementless Cemented P Age<55 Age55+ P FU<10 FuU>10 P Simultaneous Staged

value value value
N knees (N patients) 33 (33) 43(43) NA 47(47) 29(29) NA 63(62) 13(13) NA 58 18
Mean age in years 554 (42to 504 (36 47.1 (36 61.5 (55 53.5(37 48.0(36 53.8 (41 to 48.7 (36
(range) 71) to 68) o.01 to 54) to71) 0.001 to 71) to 68) 0.04 71) to 69) 0.02
Mean BMI (SD) 28.7 (4) 279(4) 035 285(4) 27.8(4) 046 283(4) 281(3) 0.85 28.1(4) 288 (4) 048
N female (%) 10(30%) 6(14%) 0.15 9(19%) 7(24%) 082 14(22%) 2(15%) 0.86 14 (24%) 2(11%) 039
Mg:g‘z;;")perat“’e 301(7)  283(9) 036 27.3(8) 322(7) 001 285(8) 30.8(8) 036 29.1(8) 288(8) 087
Mean preoperative
Tegner score (SD) 3.0(1) 26(1) 015 2.7(1) 3.0(1) 034 28(1) 29(1) 085 29(1) 24 (1) 0.22
Median follow-up in 9.8 (1to 69(1to 49(1to 50(1to 11.9(10 10.3 (2
vears (range) 25(1t07) | 5) 0.001 5) 15) 0.01 10) t015) 0001 55(1to12)  * 5) <0.001
FU follow-up; N number; SD standard deviation; OKS Oxford Knee Score.
Table B
Baseline data of subgroup of matched ACL intact patients to ACL reconstructed.
ACL intact ACL reconstructed P value
N patients (N knees) 46 (46) 46 (46) NA
Mean age in years (range) 51.7 (40 to 67) 52.1 (37to71) 0.84
Mean BMI (SD) 284 (4) 284 (3) 0.97
N female (%) 12 (26%) 11 (24%) 1
Mean preoperative OKS (SD) 27.5(8) 28.1(8) 0.72
Mean preoperative Tegner score (SD) 28 (1) 28 (1) 0.79
Median follow-up in years (range) 7.9 (1to12) 58 (1to12) <0.01

ACL anterior cruciate ligament; N number; SD standard deviation; OKS Oxford Knee Score. ACL intact patients were matched from a separate database of 1000
cemented medial unicompartmental knee replacements.

Table C
Comparison of subgroup outcomes of matched ACL intact patients to ACL reconstructed patients.
ACL intact ACL reconstructed P value
Median postoperative OKS (IQR) 44 (39 to 47) 44 (36 to 47) 047
Mean postoperative Tegner score (SD) 3.7(2) 35(1) 0.52
Five-year survival (CI) 97.8% (94-100) 100.0% (100-100) 0.17

ACL anterior cruciate ligament; OKS Oxford Knee Score; IQR interquartile range; SD standard deviation, CI 95% confidence interval.
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