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Abstract
Purpose In the treatment of medial osteoarthritis secondary to anterior cruciate ligament (ACL) injury there is no
consensus about optimum treatment, with both high tibial
osteotomy (HTO) and unicompartmental knee arthroplasty
(UKA) being viable options. The aim of this review was
to compare the outcomes of these treatments, both with or
without ACL reconstruction.
Methods EMBASE, MEDLINE and the Clinical Trials
Registers were searched to identify relevant studies. Studies meeting pre-defined inclusion criteria were assessed
independently by two researchers for methodological quality and data extracted.
Results Twenty-six studies involving 771 patients were
identified for inclusion. No randomized controlled trials
were identified. Seventeen studies reported outcomes following HTO and nine studies reported outcomes following UKA. HTO patients were significantly younger than
those receiving UKA, and ACL reconstruction patients
were younger than non-reconstructed patients. Treatment
with HTO ACL reconstruction had the lowest revision rate
(0.62/100 observed component years) but the highest rate
of complications (4.61/100 observed component years).
Too little data were available to test for differences in
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outcome between different surgical techniques or prosthesis designs.
Conclusions Limited conclusions about the optimum
treatment can be made due to the absence of controlled trials. In patients treated with HTO ACL reconstruction, the
high complication rate likely outweighs its minimally superior survival. Outcomes following UKA ACL reconstruction are similar to outcomes for UKA in the ACL intact
knee without any increase in complications. As such in
patients meeting indications for UKA, UKA ACL reconstruction should be performed with further work required
to identify the optimum treatment in other patient groups.
Level of evidence IV.
Keywords Medial compartment osteoarthritis · Anterior
cruciate ligament deficiency · Anterior cruciate ligament
reconstruction · High tibial osteotomy · Unicompartmental
knee arthroplasty

Introduction
Anterior cruciate ligament (ACL) injury is an established
risk factor for the development of secondary osteoarthritis
(OA) of the knee with the relative risk of developing radiological disease, grade II or greater, by 10 years almost fivefold that of an un-injured knee [2, 33]. Patients with a primary ACL injury who develop secondary OA are typically
young and active, and in these patients the disease pattern
in the medial tibial plateau is typically more posterior than
the antero-medial OA seen in patients with an intact ACL,
[19, 36, 45]. Conversely, patients with primary OA who
develop secondary ACL instability tend to be comparatively older and less active with a more extensive pattern
of disease across both the medial and lateral compartments.
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In this latter group with ACL deficiency secondary to OA,
a total knee arthroplasty (TKA) is considered the treatment of choice [34, 37, 44]; however, there is no consensus on the treatment of medial knee OA in ACL deficiency
patients where ACL deficiency is the primary pathology.
For patients with ACL deficiency who develop secondary OA that does not respond to non-operative modalities
the surgical treatment options are as follows: (1) high tibial
osteotomy (HTO) with or without ACL reconstruction, (2)
unicompartmental knee arthroplasty (UKA) with or without ACL reconstruction, or (3) TKA or (4) ACL reconstruction alone. Due to younger age and higher activity levels
seen in patients with primary ACL deficiency who develop
secondary OA, bone conserving options are preferred with
TKA not being recommended as the primary treatment
option in this cohort [37, 44]. At the other end of the spectrum ACL reconstruction alone, with the exception of those
patient who report instability as their primary complaint, is
not a definitive treatment option but can be used as a reasonable, low co-morbidity treatment option to improve
symptoms prior to subsequent HTO or UKA [47].
Whilst both HTO and UKA have been demonstrated to
be valid treatment options for the treatment of medial OA
secondary to ACL deficiency, the philosophy behind each
technique is markedly different, and there continues to be
lack of consensus in the literature as to which technique
provides optimum outcomes for specific patient subgroups.
Additionally, whilst HTO can be performed either with
or without ACL reconstruction in UKA simultaneous or
sequential ACL reconstruction is advised due to the higher
risk of tibial loosening; however, in certain cases, upon
patient request, UKA has been performed alone [5].
The primary aim of this review is to assess the surgical
treatment options for medial OA in ACL deficiency patients
in terms of risk of revision, complications and clinical outcomes. The secondary aim is to assimilate the outcomes of
surgery in specific patient groups to provide an evidencebased approach to patient management as well as to identify areas for further research.

Materials and methods
EMBASE, MEDLINE and the Cochrane Central Register of Controlled Trials (CENTRAL) were searched
for randomized clinical trials (RCTs), quasi-randomized
and controlled clinical trials (CCTs) and case series (CS)
investigating the surgical treatment options for medial
OA in adult patients (>18 years) with ACL deficiency
published between 1 January 1974 and 27 January 2014.
Specifically, we included studies that assessed: HTO with
ACL deficiency, HTO with ACL reconstruction, UKA
with ACL deficiency and UKA with ACL reconstruction.
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The search strategy was based on that reported by the
Cochrane Collaboration. Studies published in English,
German and French were considered. In EMBASE, the
following search strategy comprising of MESH terms as
well as a free text search was used to identify relevant
studies.
1. OA [MESH] OR Knee [MESH] OR ‘medial knee
arthritis’
2. ACL [MESH] or ‘anterior cruciate ligament’ AND
‘insufficient*’ OR ‘rupture’ OR ‘instability’ OR ‘deficient’ OR ‘injury’
3. AND 2.
4. Tibia osteotomy [MESH] OR Tibia proximal osteotomy [MESH] or Osteotomy [MESH]
5. ‘unicondylar’ OR ‘unicompartmental’ OR ‘partial’
AND ‘knee arthroplasty’
6. ‘unicondylar’ OR ‘unicompartmental’ OR ‘partial’
AND ‘knee replacement’
7. 4. OR 5. OR 6.
8. AND 7.
The reference lists of relevant studies were searched to
identify further papers. The systematic review was performed in accordance with the PRISMA guidelines. Two
review authors (FM and TH) identified trials to establish
whether the study met the inclusion criteria regarding diagnosis, design and intervention. For each selected study, the
full article was retrieved for final assessment. For studies
meeting inclusion criteria, quality was assessed according to the Methodological index for non-randomized studies (MINORS) score, which is an instrument designed to
assess the methodological quality of non-randomized
observational surgical studies, both comparative and noncomparative [38].
Data were extracted independently in duplicate using
a pre-tested, standardized form. Data relating to patient
demographics, surgical procedure, follow-up period, number of complications, re-operations and revision surgeries
as well as functional outcome using a validated scoring
system were recorded. Disagreements were resolved by
discussion, if disagreement persisted after discussion, the
final decision was taken by a third review author (HP).
We considered complications as any deviation from the
expected post-operative course, both operative and nonoperative. Failures were defined as any event resulting
in further surgery in which a component was changed, a
new component was added or where bearing dislocation
had occurred in the case of UKA [28]; any patient requiring revision or replacement surgery for HTOs [20] and/or
any traumatic graft rupture for ACL reconstructions [41].
Revision was defined as any operation where the patient
underwent further surgery requiring the removal and/
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Fig. 1  Search results flowchart

or exchange of any material implanted during the index
operation.
Raw survival rates were calculated by dividing the number
of not-failed patients at the last follow-up by the total number of patients followed up. The rate of failures, revisions,
complications and re-operations per 100 observed component
years was calculated using the method of calculation introduced by the Australian Arthroplasty Register, which allows
the datasets with different numbers of cases and follow-up
periods to be compared directly with each other [25].

Results
Descriptions of study
The search results are outlined in Fig. 1. Search revealed 131
papers. Among these, 26 studies involving 771 patients were
suitable for inclusion in this review. Seventeen studies were
retrospective in nature whilst nine were prospective. There
were no randomized or quasi-randomized controlled trials.
There were 22 CS of HTO with (n = 12) or without (n = 1)
ACL reconstruction or UKA with (n = 5) or without (n = 4)
ACL reconstruction. In addition, there were four cohort studies comparing HTO with or without ACL reconstruction [1,
3–7, 10–13, 16, 17, 21, 23, 24, 26, 27, 29–32, 42–44, 46,
48]. The assessment of methodological quality is outlined in
Table 1. The median MINORS score was 8 (range 5–12) out
of a maximum score of 16 for cases series and 12.5 (range
10–15) out of 24 for comparative studies. Patient demographics are reported in Table 2. All patients were diagnosed
with medial OA however, the severity of OA was not clearly

defined. In patients undergoing HTO various degrees of
varus mal-alignment were reported, however, pre-operative
alignment was not reported for patients undergoing UKA.
Pre-operative symptoms of pain and instability were not
clearly reported; however, instability tended to be reported
in patients undergoing ACL reconstruction. For ACL reconstruction, mainly hamstring and bone-patellar tendon-bone
(BPTB) autografts were used, but the use of allografts and
synthetic implants was also described. For UKA, cemented
implants were used in all patients.
Survival, revisions and complications
Raw survival rates, failures, revisions, complications
and re-operations per 100 observed component years are
reported in Table 3. In HTO ACL deficiency group, in addition to 1 revision due to a non-union (0.8 %), 5 complications (3.9 %) were reported in 127 patients. One of these
required operative management [0.8 %; 1 manipulation
under anaesthesia (MUA)] and 4 were managed non-operatively (3.1 %; data non-specified).
In HTO ACL reconstruction group, in addition to 9
revisions (2.6 %) due to 3 delayed consolidation, 1 nonunion, 1 loss of fixation and 4 unknown reasons, 12 ACL
re-ruptures were reported and counted as failures, but
these patients did not undergo a new ACL reconstruction. Further, 74 complications [21.1 %; 23 deep venous
thrombosis (DVT)], 13 stiffness, 1 hardware intolerance, 2
infections, 1 patellar tendon shortening, 8 haematomas, 2
delays in wound healing, 5 algodystrophy, 1 fixation instability, 1 neurovascular lesion, 1 patella fracture, 1 fibular
pseudo-arthrosis and 14 not specified) were reported in
350 patients. Thirty of these required operative management (8.6 %; 1 hardware removal, 1 patellar lengthening,
1 stiffness, 1 re-fixation, 2 fibular resections, 3 ACL graft
re-fixations, 7 scopes, 6 MUA, 2 arthrolysis, 1 fasciotomy
and 2 haematoma drainages) whilst the others were managed non-operatively (12.6 %).
In UKA ACL deficiency group, 19 failures were
reported (12.3 %; 4 progression of lateral OA, 1 painful
joint replacement, 12 tibia loosening, 1 bearing instability, 1 not specified) which all required revision (12.3 %; 10
conversions to TKA, 1 arthrodesis, 1 conversion to bi-unicompartmental arthroplasty, 7 not specified). No complications were reported in 154 patients.
In UKA ACL reconstruction group, in addition to 3 failures (2.8 %; 1 each of progression of lateral OA, periprosthetic infection and bearing dislocation) which all required
revision (2.8 %; 1 conversions to TKA, 1 two-stage revision to TKA, 1 bearing substitution), 3 complications
(2.8 %; 1 lateral meniscal tear, 2 stiffness), managed with
a re-operation (2.8 %; 2 scope, 1 MUA) were reported in
106 patients.

13

Knee Surg Sports Traumatol Arthrosc
Table 1  Quality assessment
of selected studies (MINORS
score)

Methodological items for
non-randomized studies: 1. A
clearly stated aim; 2. Inclusion
of consecutive patients; 3.
Prospective collection of data;
4. Endpoints appropriate to the
aim of the study; 5. Unbiased
assessment of the study
endpoint; 6. Follow-up period
appropriate to the aim of the
study; 7. Loss to follow-up
less than 5 %; 8. Prospective
calculation of the study size.
Additional criteria in the case
of comparative study: 9. An
adequate control group; 10.
Contemporary groups; 11.
Baseline equivalence of groups;
12. Adequate statistical analyses
Items score: 0 (not reported),
1 (reported but inadequate), 2
(reported and adequate)

Year

Authors

1

3

4

5

6

7

8

9

10

11

12

TOT

2011
2013
2011
2010
2004
2002
2000
1995
1994
1993
1993
1992
1987
2014
2013
1988
2004
2012
2012
2011
2009
2007

Hui et al.
Zaffagnini et al.
Demange et al.
Akamatsu et al.
Bonin et al.
Agneskirchner et al.
Noyes et al.
Boss et al.
Dejour et al.
Lerat et al.
Neuschwander et al.
O’Neill et al.
Giger et al.
Engh et al.
Boissonneault et al.
Goodfellow et al.
Hernigou et al.
Tinius et al.
Westons-Simmons et al.
Terzaghi et al.
Krishnan et al.
Dervin et al.

Case series
2
2
0
2
2
2
1
1
1
2
0
2
2
2
0
1
2
0
2
2
2
0
2
2
1
2
0
2
1
0
1
0
0
0
1
0
0
1
0
2
2
0
2
2
0
0
2
2
2
2
0
2
2
2
2
2
2
1
1
0
1
2
0
1
1
2

2
2
2
2
2
2
2
1
2
2
2
1
1
2
2
1
2
2
2
2
2
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
2
0
1
2
1
1
2
1
1
1
1
1
2
1
1
2
1
2
1
1
1

1
2
1
2
2
2
2
1
1
2
2
2
2
1
2
2
2
2
2
2
2
2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

9/16
12/16
6/16
9/16
10/16
7/16
11/16
8/16
7/16
8/16
6/16
5/16
5/16
9/16
9/16
8/16
10/16
11/16
12/16
7/16
8/16
8/16

2003
2002
1996

Williams et al.
Badhe et al.
Lattermann et al.

Cohort
1
1
1
0
2
2

0
0
0

1
1
2

0
0
0

1
1
2

1993

Noyes et al.

2

0

2

0

1

2
2
1
2

0
0
0
0

1
1
1
1

2
2
2
2

2
2
1
1

1
0
0
2

12/24
10/24
13/24
15/24

Survival rates of UKA by bearing type are reported in
Table 4.
Other outcomes
Different clinical score were used in the various studies
and their pooling was not possible. Clinical scores data are
reported in Table 5.
The mean mal-alignment correction, reported in 10
out of 14 studies in HTO ACL reconstruction group, was
8° (range 2.8°–11.9°) from the pre-operative evaluation.
It was reported in 5 out of 13 studies among the other 3
groups. In HTO ACL deficiency group, the mean correction
was 11.5° (range 11°–11.6° reported in 2 studies). In UKA
ACL deficiency group, it was reported only in one paper
and it was 6.4°. Posterior slope was reported only in 7 studies out of 23, with post-operative values included between
2.5° and 11.7°, but with no clear description of benchmarks
used so comparison was not possible.
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Discussion
The most important finding of the present study is that the
revision rate following both HTO and UKA is significantly
lower when ACL reconstruction is performed, compared to
when it is not. Where ACL reconstruction is performed in
patients who undergo HTO have a marginal, yet significant,
lower revision rate, but a significantly higher re-operation
and complication rate, compared with patients undergoing
UKA. Patient-specific factors that may favour one operation over the other may well exist but these have yet to be
clearly defined, and in the existing studies the indications
for performing one operation over another were poorly
documented. The management of OA secondary to ACL
deficiency remains a clinical challenge and there is no clear
consensus as to the optimum treatment with this review
highlighting that currently there is wide variation in practice with both HTO and UKA with or without ACL reconstruction being used to treat this population.

UKA ACL deficiency
2013
Engh et al.
2012
Boissoneault et al.
1988
Goodfellow et al.
2004
Hernigou et al.
Total
4 studies

HTO ACL reconstruction
2013
Zaffagnini et al.
2011
Demange et al.
2010
Akamatsu et al.
2004
Bonin et al.
2003
Williamsa et al.
2002
Badhea et al.
2002
Agneskirchner
et al.
2000
Noyes et al.
1996
Lattermanna et al.
1995
Boss et al.
1994
Dejour et al.
1993
Lerat et al.
1993
Noyesa et al.
1993
Neuschwander
et al.
1992
O’Neill
1987
Giger
Total
16 studies

Badhea et al.
Lattermanna et al.
Noyesa et al.
5 studies

CS retr.
CS retr.

CORR
Z Orthop

Co retr.
Co retr.
CS pros.
CS retr.

CS pros.
Co retr.
CS pros.
CS retr.
CS retr.
Co retr.
CS retr.

AJSM
KSSTA
KSSTA
RCO
RCO
AJSM
Orthop

CORR
KSSTA
JBJS Br
JBJS Am

CS pros.
CS pros.
CS pros.
CS retr.
Co retr.
Co retr.
CS retr.

KSSTA
Knee
Knee
Knee
JKS
KSSTA
Unfall

Co retr.
Co retr.
Co retr.
Co retr.

JKS
KSSTA
KSSTA
AJSM

2002
1996
1993
Total

CS retr.

AJSM

HTO ACL deficiency
2011
Hui et al.
2003
Williamsa et al.

Method

Journal

Authors

Year

Table 2  Study demographic data and surgical details

76
46
28
18
168

10
17
367

23
17
34
50
53
16
5

32
8
4
30
14
5
49

12
3
13
11
129

90

Initial cohort

51.7
76.2
NR
NR
61.8

50
94.1
76.4

91.3
56.3
NR
62.8
79.6
93.8
80

87.5
NR
50
76.7
NR
40
NR

NR
66.7
54.5
90.9
72

NR

Male (%)

65 (39–91)
65 (54–76)
70 (62.4–77.6)
70 (43–83)
66 (39–91)

32.1 (NR)
38 (26–55)
33.9 (18–65)

30 (19–47)
33.5 (20–56)
36 (19–55)
29 (18–42)
37 (25-58)
31 (19–41)
27 (21-35)

40.1 (27–54)
39.1 (37–50)
45 (37–50)
30 (18–41)
33.5 (28–41)
38.4 (18–65)
33 (18–49)

37.6 (26–46)
35.3 (33–38)
44 (36–55)
34 (16–47)
47 (24–70)

50 (24–70)

Mean age–years
(range)

72 (34–120)
58.8 (26.4–91.2)
36 (21–56)
204 (180–264)
77 (26.4–264)

36 (NR)
NR (6–60)
54.8 (3–192)

57 (24–144)
69.6 (18–120)
75 (31–166)
43 (12–132)
59 (48-120)
45 (25–62)
30 (24-36)

78 (24–120)
–
45.5 (24–64)
144 (72–192)
38.2 (24–70)
36 (12–66)
21 (3–49)

52.3 (24–106)
30 (6–60)
69.6 (18–120)
43 (23–58)
117 (6–228)

144 (12–228)

Mean follow-up
month (range)

62/76 (81.6)
46/46 (100)
28/28 (100)
18/18 (100)
154/168 (91.7)

10/10 (100)
17/17 (100)
350/367 (95.4)

23/23 (100)
16/17 (94.1)
27/34 (79.4)
44/50 (88)
51/53 (96.2)
16/16 (100)
5/5 (100)

32/32 (100)
8/8 (100)
4/4 (100)
30/30 (100)
13/14 (92.9)
5/5 (100)
49/49 (100)

12/12 (100)
3/3 (100)
11/13 (84.6)
11/11 (100)
127/129 (98.4)

90/90 (100)

Percentage
follow-up (%)

100
0
0
100
51.9

100
100
89.2

100
NR
100
84.1
76.5
100
100

100
0
0
83.3
100
100
100

100
33.3
NR
100
98.3

100

Surgical details:
closing wedge or
fixed bearing (%)

–
–
–
–
–

70
100
86.3

8.7
50
100
100
100
0
100

100
100
100
100
100
100
100

–
–
–
–
–

–

Surgical details:
single-stage
approach (%)
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Cohort studies
a

CS case series, Co cohort, pros. prospective, retr. retrospective, AJSM American Journal of Sports Medicine, JKS The Journal of Knee Surgery, KSSTA Knee Surgery, Sports Traumatology,
Arthroscopy, Unfall Der Unfallchirurgie, RCO Revue de Chirurgie Orthopédique et Réparatice de l’Appareil Moteur, Orthop Orthopedics, Z Orthop Zeitschrift für Orthopädie und ihre Grenzgebiete, CORR Clinical Orthopaedics and Related Research; JBJS Journal of Bone and Joint Surgery, JOT Journal of Orthopaedic and Traumatology, JOSR Journal of Orthopaedic Surgery and
Research, NR non reported

78.3
42.5
106/107 (99.1)
47 (9–120)
50 (36–71)
63.6
107
5 studies
Total

66.7
100
90
100
100
0
12/12 (100)
6/6 (100)
10/10 (100)
NR (18-NR)
24 (12–60)
20.4 (12–46.8)
53.6
56 (50–64)
52 (47–71)
NR
NR
50
CS retr.
CS retr.
CS pros.
JOT
JOSR
Orthop

12
6
10

100
64.7
100
0
27/27 (100)
51/52 (98.1)
50 (9–71)
60 (12–120)
44 (38–53)
51 (36–67)
40.7
78.4
27
52
CS pros.
CS pros.
KSSTA
JBJS Br

UKA ACL reconstruction
2012
Tiniuset al
2012
Westons-Simmons
et al.
2011
Terzaghi et al.
2009
Krishnan et al.
2007
Dervin et al.

Authors
Year

Table 2  continued

Journal

Method

Initial cohort

Male (%)

Mean age–years
(range)

Mean follow-up
month (range)

Percentage
follow-up (%)

Surgical details:
closing wedge or
fixed bearing (%)

Surgical details:
single-stage
approach (%)

Knee Surg Sports Traumatol Arthrosc

Important confounding factors that limit the direct comparison of outcomes of one technique over another include:
age, disease severity and the presence of extra-articular
deformity. Whilst across the published CS, the indications
for the use of one technique over another were not clearly
documented and several differences were noted in patient
populations between different techniques. Patients undergoing HTO were significantly younger, with a mean age of
37 years compared to a mean age of 60 years in patients
being treated with UKA. This observed difference in age
may be due to differences in surgical practice, for example,
surgeons are often reluctant to perform joint arthroplasty in
the young but may instead prefer HTO as this strategy does
not rule out subsequent joint replacement in case of failure.
An equally valid potential reason for the differences in age
may be that the studies are reporting on different populations with different stages of disease. Whilst stage of OA
and indication for surgery was poorly reported across all
case studies, HTO is indicated in early stage disease (partial thick cartilage loss), in contrast to UKA which is indicated in the presence of bone-on-bone arthritis [35]. As
such whilst UKA can be seen as a definitive treatment for
medial OA, HTO may also have a role also in changing the
natural history of the disease and as a consequence it may
be being performed at an earlier stage to halt the disease
progression.
In addition, age may also influence the decision to perform ACL reconstruction. In the published studies patients
with ACL reconstruction, both in HTO and UKA groups,
were significantly younger than patients in whom reconstruction was not performed (mean age 38 vs 58 years)
with pain and instability being more likely to be the presenting complaint than pain alone. The reasons for this
are not clear from the published literature, but may be due
to differences in the presenting complaint as older, lower
demand, patients may be able to cope better with instability, or indeed it may be due to differences in the stability
seen at different stages in the arthritis process with stiffness
and osteophytes seen in more advanced disease, more prevalent in an older population, contributing to stability [9].
The results of HTO performed in the absence of ACL
reconstruction demonstrate that the survival of HTO alone
is higher than UKA alone, but lower than HTO with ACL
reconstruction but with neither difference reaching statistical significance. Whilst acknowledging the different
patient populations in the studies, these results suggest that
in UKA it is more important to reconstruct the ACL compared with HTO. Given the high complication rate following combined HTO ACL reconstruction (21.1 %), there is
a pressing need to identify which patients will benefit most
from combined HTO ACL reconstruction and which may
be treated by HTO alone. Lattermann et al. [26] suggest
that where patients report pain and instability, a combined,

1.01 (±0.46)
2.05 (±0.21)
NR
0.72 (±0.44)
3.07 (±0.83)
4.61 (±0.37)
NR
0.72 (±0.44)
0.88 (±1.17)
0.62 (±0.06)
1.92 (±0.41)
0.72 (±0.09)
737
Total

67 (3–264)

93

0.88 (±1.17)
1.44 (±0.16)
1.92 (±0.41)
0.72 (±0.09)
92
94
88
97
127
350
154
106
HTO ACL deficiency
HTO ACL Reconstruction
UKA ACL deficiency
UKA ACL Reconstruction

117 (6–228)
54.8 (3–192)
77 (26.4–264)
47 (9–120)

Patients
followed
Group

Table 3  Survival rate data

Mean
follow-up month
(range)

Raw survival
rate (%)

Failures/100
observed years
(95 % CI)

Revisions/100
observed years
(95 % CI)

Complications/100
observed years
(95 % CI)

Re-operations/100
observed years
(95 % CI)
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simultaneous, procedure should be used, whereas in
patients reporting pain alone a two-stage approach of HTO
followed by ACL reconstruction in those who subsequently
report instability may be more beneficial. Alternatively,
multi planar reconstruction, correcting the frontal plane
deformity, whilst simultaneously reducing the posterior tibial slope may be used to improve stability within the knee
with Dejour et al. [10] have reporting a correlation between
posterior tibial slope and anterior tibial translation in both
ACL intact and ACL deficiency knees.
Overall, UKA with ACL reconstruction performed well
with a revision rate of 0.72 % per 100 observed component years, which is comparable to outcomes in patients
with intact ACL. Outcomes in ACL reconstruction patients
receiving fixed-bearing designs compared with mobile
bearing were similar but the sample size and follow-up
period, were too small to allow appropriate statistical analysis. The results reported in the CS of ACL reconstruction
knees are comparable with a meta-analysis of fixed compared mobile bearings in the treatment of medial OA in
ACL intact patients who reported no significant difference
in clinical outcome and complication rate at a mean followup of 5.8 years Smith et al. [39]. The long term outcomes
of fixed versus mobile bearing UKA in the setting of ACL
deficiency still need to be established to give guidance as to
the optimum implant in this patient group.
Whilst ACL deficiency is considered as a contra-indication to UKA, several studies have reported on the outcomes of UKA without ACL reconstruction. Compared to
UKA with ACL reconstruction, this cohort of patients has
a significantly higher failure rate (by a factor of two), with
tibial component loosening being the most frequent reason of failure. An important factor if performing UKA in
ACL deficiency knees is the tibial slope. Hernigou et al.
[21] reported an increase in aseptic loosening associated
with increased posterior tibial slope and recommended that
the tibia slope should not exceed 7°. A cadaveric study by
Suero et al. [15, 40] has reported that reducing tibial slope
decreases anterior tibial translation in fixed bearing UKA
which may play a role in aseptic loosening, particularly in
ACL deficiency knees. Although this is relevant for fixed
bearing UKAs, change of tibial slope is not advocated for
mobile bearing UKAs. Only 7 studies out of 23 reported
data on tibial slope so it is not possible to come to a definite
conclusion on the correlation between tibial slope and survival rate. The revision rate of mobile-bearing designs was
marginally higher in ACL deficiency knees compared to
fixed-bearing designs; however, there was insufficient data,
both in terms of numbers of patients and follow-up period
to perform a robust analysis.
In the published CS, the degree of correction of alignment was reported in five studies investigating HTO with
a mean correction of 8° in the ACL reconstruction group
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Table 4  Survival rate data for fixed versus mobile bearing in UKA groups
Patients
followed

Mean follow-up
month (range)

Male (%)

Fu avg mo
(range)

Survival
rate (%)

Failures/100
observed years
(95 % CI)

Revisions/100
observed years
(95 % CI)

Fixed
ACL deficiency
ACL reconstruction
Total

80
45
125

66 (39–91)
48 (38–64)
60 (38–91)

51.7
40.7
48.3

102
38
79 (9–264)

85
100
90.4

1.77 (±)
0
1.46 (± 0.16)

1.77 (±)
0
1.46 (± 0.16)

Mobile
ACL deficiency
ACL reconstruction

74
61

67 (54–77)
51 (36–71)

76.2
73.8

50
54

90.5
95.1

2.26 (±)
1.17 (±)

2.26 (±)
1.17 (±)

135

60 (36–77)

74.8

52 (12–120)

92.6 %

1.77 (± 0.53)

1.77 (± 0.53)

Group

Total

and 11.5° in the ACL deficiency group, whereas none of
the studies reporting on UKR reported alignment data. In
HTO, mechanical axis correction can be considered the
primary consideration, with the main indication being correction of frontal varus mal-alignment caused by an extraarticular, usually metaphyseal, deformity (tibia vara) [22].
In contrast, UKA’s main aim is to correct intra-articular
varus deformity, which is primarily caused by loss of articular cartilage loss, rather than to correct limb alignment
[18]. In tibia vara, HTO corrects the lower limb axis shifting the load towards the lateral compartment, thus reducing
pressures on cartilage defects. Whilst the literature outlines
multiple definitions of the optimal alignment following
HTO, an important consideration is whether the procedure
is likely to be a definitive one, where the joint may be over
corrected, or a temporizing procedure, aiming for neutral
alignment, prior to subsequent joint arthroplasty [8]. The
results of our study did find a lower degree of correction
seen in the ACL reconstruction group, who were significantly younger, compared to the ACL deficiency group;
however, it is unclear if this was to facilitate future arthroplasty or whether the different groups had different levels of disease severity with greater correction required in
ACL deficiency group who potentially had more advanced
disease.
In patients treated with HTO, a closing wedge lateral
osteotomy was performed in 92 % of cases in both ACL
deficiency and ACL reconstruction knees. It is not clear
if it this was due to surgeon preference or experience or
if closing wedge osteotomy was, particularly in ACL deficiency patients, used to reduce the posterior tibial slope as
a secondary effect [22]. Compared with an opening wedge
technique closing wedge osteotomy has several further
advantages. With a closing wedge compression on the
osteotomy site removes the need for bone graft, morbidity associated with its harvest and in theory this compression should decrease the rate of non-union. However, one
of the disadvantages of closing wedge osteotomies is the
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risk of persistent laxity in the medial collateral ligament
(MCL) with Gaasbeek et al. reporting a lower degree of
laxity following an open wedge technique. As a consequence with an opening wedge technique, there is a risk
of excessive tightening of the MCL with large corrections
which will increase pressure in the medial compartment,
which go against the primary aim of the operation, and
in addition there is a risk of increasing the posterior tibial
slope [14].
The complications seen in the following surgery differed between patients receiving HTO and UKA. In HTO,
groups complications were mainly related to ACL graft rerupture, loss of fixation or bony union at the osteotomy site,
whereas in UKA failures were related mainly to lateral OA
progression or tibial component loosening. Overall, the rate
of complications following HTO, in particular HTO with
ACL reconstruction, was around threefold higher than the
rate seen in patients receiving UKA. Following HTO with
ACL reconstruction, the incidence of ACL re-rupture was
around 3.4 %, whereas ACL re-rupture was not reported in
any of the UKA studies. The majority of ACL ruptures in
the HTO group were treated non-operatively, providing further evidence that HTO alone may be able to restore stability in some patient groups. Closing wedge osteotomies are
said to reduce the posterior tibial slope, and consequently,
ACL strain thus protecting it; however, the sample size
was too small to test for differences in ACL rupture rate
between patients undergoing closing and opening wedge
osteotomies. Data pertaining to patient characteristics,
graft positioning and other potential contributing factors
were not provided, and as such further analysis, this finding was not possible. Further research is required to better understand the mechanism of graft rupture and identify
any patient or operative factors that predict this. In addition, consensus over the optimum method of pre- and intraoperative assessment of the ACL needs to be achieved to
allow accurate comparisons of the disease state of the ACL
in future studies.
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Table 5  Clinical results
Year

Authors

HTO ACL deficiency
2011 Hui et al.
2003 Williamsa
et al.
2002 Badhea et al.
1996 Lattermanna
et al.
1993 Noyesa et al.

Outcome
Score

1988 Goodfellow
et al.
2004 Hernigou
et al.

Pre-op.
(range)

Post-op.
(range)

Year

Authors

Outcome
Score

Pre-op.
(range)

Post-op.
(range)

28 (16–46)
82 (45–100)
40 (25–80)
2.5 (1-5)
–
36.5 (2–40)
135 (64–167)
45(35–52)

41 (17–48)
95 (45–100)
75 (25–95)
3.5 (1-5)
–
48
196 (100–200)
24 (21–27)

–

–

NR
Tegner
Lysholm
HSS
CKRS
NR

–
3.8 (1–7)
46.8 (19–64)
81.2 (63–93)
57 (56–58)
–

–
4.9 (3–7)
76.3 (57–100)
88.6 (74–97)
76 (72–78)
–

2012 Westons-Sim- OKS
mons et al. KSS F
KSS O
Tegner
2011 Terzaghi et al. NR
2009 Krishnan
OKS
et al.
KSS T
WOMAC

CKRS

55 (NR)

77 (NR)

2007 Dervin et al.

3 (2–4)
68.2 (NR)
58 (NR)
–

5 (4–5)
82.6 (NR)
72 (NR)
–

72.5 (50–90)
55.3 (45–59)
1.75 (1–2)
36.5 (26–41)
–
3.6 (3-7)
47 (14-73)
81.1 (71–94)
55 (48–58)
66 (35-81)

100 (100)
93 (90–97)
4 (3–5)
93.5 (91–95)
78.5 (46-100)
4.7 (3–8)
80.9 (56–95)
97.5 (90–100)
80 (76–82)
93 (88-99)

62 (NR)
–

82 (NR)
–

–

–

–
57 (NR)
–
52 (19–77)
39 (NR)
–

–
77 (NR)
5.4 (4–7)
88 (79–94)
67 (NR)
–

NR
OKS
KSS F
KSS O
NR

–
27 (13–39)
70 (45–90)
42 (15–60)
–

–
43 (20–48)
100 (40–100)
88 (75–90)
–

NR

–

–

Conclusions

38.7 (NR)
38.4 (NR)

83 (NR)
83 (NR)

The lack of high quality studies, and the absence of randomized or matched trials, suitable for this review makes
it difficult to draw definite conclusions about the best

HTO ACL reconstruction
2013 Zaffagnini
Tegner
et al.
WOMAC
IKDC
2011 Demange
NR
et al.
2010 Akamatsu
KSS F
et al.
KSS O
Tegner
Lysholm
2004 Bonin et al.
IKDC
Tegner
2003 Williamsa
et al.
Lysholm
HSS
2002 Badhea et al. CKRS
2002 AgneskirchLysholm
ner et al.
2000 Noyes et al.
CKRS
NR
1996 Lattermanna
et al.
1995 Boss et al.
NR
1994 Dejour et al.
1993 Lerat et al.
NR
1993 Noyesa et al. CKRS
1993 NeuschwanTener
der et al.
Lysholm
1992 O’Neill et al. IKDC
1987 Giger et al.
NR
UKA ACL deficiency
2014 Engh et al.
2013 Boissoneault
et al.

Table 5  continued

UKA ACL reconstruction
2012 Tinius et al.
KSS F
KSS O

NR

NR non reported, HSS Hospital for Special Surgery knee score,
CKRS Cincinnati Knee Rating System, WOMAC Western Ontario
and McMaster Universities, IKDC International Knee Documentation
Committee, OKS Oxford Knee Score, KSS F and -O Knee Society
Score Functional and Objective

The clinical relevance of these findings is that in patients
with ACL deficiency and secondary OA the primary question should be, is this patient suitable for UKA? As if
a patient is suitable for UKA, then, due to the high complication rate seen HTO with ACL reconstruction, UKA
with ACL reconstruction should be performed. In patients
unsuitable for UKA, particularly those with partial thickness disease, then, HTO ± ACL reconstruction may be
indicated, however, which patients may benefit from ACL
reconstruction still needs to be defined.
Limitations of this review are that the current data are
restricted to cases series as no randomized controlled trials have been published. The lack of homogeneity in each
treatment group and lack of provision of data regarding
disease severity and indication for the index operation
limit the conclusions that can be drawn. Data regarding the
experience of the surgeons with each particular technique,
which is known to effect both the outcomes of HTO and
UKA, was also not published and it is known that, in particular with UKA, some of the series may represent the
learning curve of individual surgeons or the development
curve of the implant. Finally, it must be acknowledged
that the calculated outcome measure of analyzing revisions per 100 observed component years, whilst it allows
a comparison across studies with different follow-up periods, assumes that revisions distribution is linear over time,
which is indeed not the case.
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treatment for treating patients with primary ACL deficiency
and secondary medial OA. The demographic differences
that were detected between treatment groups indicated that
different indications may be being used for each procedure
and that age, or a confounding factor related to age such
as disease state, may influence the choice of surgical management. Important findings from this study are that HTO
with ACL reconstruction, whilst having a comparable survival to UKA ACL reconstruction, has a high complication
rate of around 21 %. As such from the results of this study,
we would conclude that if a patient meets indications for
UKA then UKA ACL reconstruction should be performed
to achieve clinical outcomes similar to UKA in ACL intact
patients with no increase in complications. However, further
trials are required to directly compare UKA ACL reconstruction with HTO ± ACL reconstruction in a matched
population to establish which patient factors, namely:
age, disease severity and presence, location and severity
of extra-articular deformity favour one treatment option
over another, and as a secondary goal to establish in which
patients undergoing HTO is ACL reconstruction indicated.
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