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Abstract

Purpose To report the medium-term clinical and radio-
graphic outcomes of a group of patients who underwent
anterior cruciate ligament (ACL) surgery combined with
high tibial osteotomy (HTO) for varus-related early medial
osteoarthritis (OA) and ACL deficiency knee.

Methods Thirty-two patients underwent single-bundle
over-the-top ACL reconstruction or revision surgery and a
concomitant closing-wedge lateral HTO. The mean age at
surgery was 40.1 & 8.1 years. Evaluation at a mean of
6.5 + 2.7 years of follow-up consisted of subjective and
objective IKDC, Tegner Activity Level, EQ-5D, VAS for
pain and AP laxity assessment with KT-1000 arthrometer.
Limb alignment and OA changes were evaluated on
radiographs.

Results  All scores significantly improved from pre-oper-
ative status to final follow-up. KT-1000 evaluation showed
a mean side-to-side difference of 2.2 £ 1.0 mm. Two
patients were considered as failures. The mean correction
of the limb alignment was 5.6° & 2.8°. Posterior tibial
slope decreased at a mean of 1.2° £ 0.9°. At final follow-
up, the mechanical axes crossed the medial-lateral length
of tibial plateau at a mean of 56 &+ 23 %, with only 1
patient (3 %) presenting severe varus alignment. OA pro-
gression was recorded only on the medial compartment
(p = 0.0230), with severe medial OA in 22 % of the
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patients. No patients underwent osteotomy revision, ACL
revision, UKA or TKA.

Conclusions The described technique allowed patients
with medial OA, varus alignment and chronic ACL defi-
ciency to restore knee laxity, correct alignment and resume
a recreational level of activity at 6.5 years of follow-up.
Level of evidence Case series with no comparison group,
Level IV.

Keywords Knee - ACL - Osteotomy - Early osteoarthritis -
Laxity - Alignment

Introduction

High tibial osteotomy (HTO) is a widely accepted treat-
ment for symptomatic medial osteoarthritis with lower
extremity varus alignment. In young active patients, this
pattern could be caused by chronic anterior cruciate liga-
ment (ACL) lesion [16, 26] ACL deficiency is also
responsible for the high frequency of medial meniscal
lesion requiring meniscectomy, which is already known as
a factor worsening medial osteoarthritis and varus align-
ment. [15].

On the other hand, severe varus alignment itself is
demonstrated to increase the load on the native or recon-
structed ACL, potentially compromising the ACL function
or increasing the risk of failure of the reconstruction [25].
Moreover, an ACL-deficient knee combined with a varus
alignment can even risk to precipitate the progression of
the arthritis [22]. Therefore, combined ACL reconstruction
and HTO represents a feasible salvage procedure in such
complex patients, who are usually young and willing to
improve their function to keep participating at work or
recreational sport activities. This combined treatment has
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been described by several authors as staged or concomitant
procedure, using a variety of ACL grafts or osteotomy
technique [2, 3, 5, 13, 14, 21].

The purpose of this study was to report the medium-term
clinical and radiographic outcomes of a group of patients
who underwent one-stage combined hamstrings ACL sur-
gery, either reconstruction or revision, and closing-wedge
HTO for varus-related early medial osteoarthritis and ACL
deficiency. The original step of this procedure is the
addition of a lateral plasty to ACL reconstruction in order
to reduce the rotational laxity in these patients.

Methods

Between 2002 and 2007, 32 patients underwent ACL
surgery, either primary reconstruction or revision, plus
closing-wedge lateral high tibial osteotomy and were pro-
spectively followed. Exclusion criteria were age >60 years,
PCL lesion, MCL III° lesion, inflammatory synovitis and
grade D osteoarthritis according to IKDC radiographic
score. Patients who underwent an ACL revision with an
allograft were excluded as well.

Table 1 Demographic, surgical and follow-up details

Pre-operatively, the history of each patient was col-
lected, and they all underwent a clinical and radiological
evaluation (Table 1). Thirteen patients (40 %) underwent a
previous patellar tendon ACL reconstruction; therefore,
they were managed with a hamstring ACL revision. In
these patients, the mean time between first ACL recon-
struction and revision was 9.8 £ 3.6 years. The other 19
patients (60 %) were managed with primary hamstring
ACL reconstruction due to chronic ACL insufficiency.

Regarding meniscal lesions, 17 patients (53 %) under-
went a partial or subtotal meniscectomy at a mean of
10.4 £ 8.1 years before the combined procedure.

The study design was approved by the Institutional
Review Board of the Institute, and all the patients provided
their informed consent.

Every patient completed a self-administrated question-
naire including subjective IKDC, Tegner activity level
(pre-symptoms, pre-operatively, post-operatively), EQ-5D
and 100-points Visual Analogue Scale (VAS) for pain. A
clinical evaluation was performed as an independent
examiner according to the International Knee Documen-
tation Committee (IKDC) knee ligament standard evalua-
tion form [10].

Mean SD Range
Age at surgery (years) 40.1 + 8.1 (27-54)
Age at final follow-up (years) 46.5 + 7.5 (32-58)
Final follow-up (month) 6.5 + 2.7 (4-10)
BMI at surgery (kg/cm?) 26.0 +22 (22-30)
BMI at final follow-up (kg/cmz) 25.7 + 2.7 (23-30)
Time from Ist medial meniscectomy (years) (n = 17) 10.4 + 8.1 (5-26)
Time from ACL primary reconstruction (years) (n = 13) 9.8 + 3.6 4-17)
Sex (male/female) 28 (87 %)/4 (13 %)
Knee involved (right/left) 13 (41 %)/19 (59 %)
Previous surgery Number
ACL reconstruction 13
Partial medial meniscectomy 17
Partial lateral meniscectomy 1
Lateral meniscus suture 1
HTO 4
Loose body removal 2
Hardware removal 1
No surgery 6
Concurrent surgery Number

Medial meniscus scaffold
Medial femoral condyle microfracture

Cartilage transplantation

BMI Body mass index, ACL anterior cruciate ligament, HTO high tibial osteotomy
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Fig. 1 Parameters measured on

radiographies to evaluate varus 4
alignment and posterior tibial '
slope. a FTA: angle between the \

intersection of tibial (b) and
femoral anatomical axis (a).

b HKA: angle between the
intersection of the line
connecting the centre of femoral
head (a) and the knee centre and
the line connecting the knee
centre to the centre of talar
dome (b). ¢ The tibial plateau
percentage (TP%): percentage
of mediolateral width of knee
joint (a) where the lower limb
mechanical axis (the line
connecting femoral head and
talar dome centres) (b) crossed
the joint line. d Posterior tibial
slope angle (PST): angle
between the perpendicular line
(a) to the proximal tibia axes
(c) and the tangent line to
medial tibial plateau

(b) measured on lateral
radiographs

\

AP laxity was assessed using the KT-1000 arthrometer
(KT 1000; MEDmetric Corporation, San Diego, CA, USA)
by means of the manual maximum test (MMT), which has
been demonstrated to be the most discriminating and reli-
able test to evaluate the side-to-side differences in AP
laxity between knees [23].

A radiological evaluation was also performed in order to
asses the osteoarthritis changes and the alignment of the
indexed knee. Osteoarthritis of medial and lateral and
patellofemoral compartment joint was graded on AP and
lateral radiographs according to the IKDC radiographic
score [10]. Grade A corresponds to a normal joint, grade B
to a joint affected by remodelling changes without nar-
rowing, while grade C and D to joint with remodelling
changes and narrowing of less or more than 50 % of the
space.

The alignment angles were measured on plain film or
lateral radiographs using PACS system (DirectView,
Kodak, Rochester, New York). The femorotibial angle
(FTA) was the angle obtained by the intersection of tibial
and femoral anatomical axis (Fig. 1a). The hip—knee—ankle
angle (HKA) was the angle obtained by the intersection of
the line connecting the centre of femoral head and the knee
centre and the line connecting the knee centre and the centre
of talar dome (Fig. 1b). For both angles, values <180° were
referred to the valgus knees, while >180° were referred to
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the varus ones. The tibial plateau percentage (TP%) was the
percentage of mediolateral width of knee joint where the
lower limb mechanical axis (the line connecting femoral
head and talar dome centres) crossed the joint line (Fig. 1c)
[9]. Values <50 % were considered varus alignment, while
>50 % were considered valgus alignment.

The posterior tibial slope angle (PST) was the angle
obtained between the perpendicular line to the proximal
tibia axes and the tangent line to medial tibial plateau
measured on lateral radiographs (Fig. 1d) [8]. Positive
values are referred to a tibial plateau directed backward
and inferiorly.

Between December 2010 and October 2011, all the
patients (100 %) were available at a mean of 6.5 £ 2.7
(range 4-10) years follow-up and were evaluated with the
same protocol.

Further, all complications and revision surgeries during
the whole follow-up period were also recorded.

All the patients requiring revision HTO, revision ACL,
UKA or TKA, or presenting a side-to-side difference at
KT-1000 >5 mm were considered as failures.

Surgical procedure

The ACL reconstruction or revision was performed with
an over-the-top procedure with lateral extraarticular
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Fig. 2 Final appearance of the single-bundle hamstrings ACL
reconstruction plus closing-wedge lateral HTO: antero-posterior
(a) and lateral (b) view

augmentation involving a hamstring graft harvested pre-
serving its distal insertion [18]. After graft harvesting, a
7-mm tibial tunnel was drilled to the posteromedial portion
of ACL tibial insertion. Then, a proximal tibial closing-
wedge osteotomy was performed under an intraoperative
image intensifier. Internal plate fixation was accomplished
with a Kracow staple [17]. Disruption of the proximal
tibiofibular joint was avoided to prevent proximal migra-
tion and laxity in the posterolateral structures. An osteot-
omy of the fibula was performed at the fibular neck, with
bone removal to allow for compression of the osteotomy
site. Finally, the hamstring graft was passed through tibial
tunnel and fixed at “over-the-top” site with two metal
staples. The distal portion of the graft was passed below the
fascia and fixed on Gerdy’s tubercle with a metal staple
(Fig. 2).

Rehabilitative protocol

Post-operatively, patients were instructed to wear a long-
leg brace for the first 4 weeks after surgery. Rehabilitation
protocol started the first post-operative day with quadriceps
muscle isometric exercises, straight leg raises, patellar
mobilization and electric muscle stimulation. Passive range
of motion exercises (0°-90°) with motorized hardware was
allowed after 2 weeks. Complete range of motion was
achieved at week 6. Patients were allowed to toe-touch
weightbearing for the first 4 weeks to prevent excessive
forces of the osteotomy site, and then, progressive

weightbearing was allowed. Swimming pool exercises and
stationary bike were started at week 5, running was allowed
4 months after surgery and return to sport activity after
8 months.

Statistical analysis

The statistical analysis was performed using Analyse-it-
2.00 (Analyse-it Software Ltd, Leeds, UK).

Statistical comparison between the pre-operative and
follow-up parametric scores was performed using a Stu-
dent’s t test. We tested the population study for normal dis-
tribution before ¢ test was applied. For differences between
time points in Tegner level, we used the nonparametric
Wilcoxon test. For difference in objective and radiographic
IKDC score, we used the Pearson’s chi-square test. Corre-
lation between BMI, clinical outcomes and the angles mea-
sured on rx was analyzed by Spearman’s rho test. The
comparison of subgroups was performed using independent
Student’s ¢ test. The level of significance was set at p < 0.05.

Results are expressed using mean values £ standard
deviation (SD) for parametric values and median + inter-
quartile range (IQR) for nonparametric ones.

Results

At pre-operative evaluation, 1 patient was graded as B (3 %),
13 asC (41 %) and 18 as D (56 %) according to IKDC form,
while at final follow-up, 12 patients were graded as A (38 %),
17 as B (53 %), 1 as C (3 %) and 2 as D (6 %), showing a
significant improvement (p < 0.0001). Subjective evalua-
tion showed a significant improvement of all the scores
between pre-operative status and final follow-up (Table 2).
The Tegner activity level significantly improved from 3 (IQR
2-4) at pre-operative status to 5 (IQR 4-5) at final follow-up
(p = 0.0012). Although reduced when compared with the
pre-symptoms one (6, IQR 5-6), it resulted higher or equal to
5 (basketball, skiing and tennis at recreational level) in 20
patients (62 %). Moreover, six patients (18 %) at the final
follow-up were still able to perform the same activity level as
prior to the onset of symptoms.

KT-1000 evaluation showed a reduction in tibial ante-
rior displacement with a mean side-to-side difference of
2.2 £ 1.0 mm. In 22 patients (69 %), it was <3 mm, while
in 9 patients (28 %), it was among 3 and 5 mm. In one
patient, it was higher than 5 mm, and therefore, it was
considered as a failure. Another patient with a recent
contralateral ACL lesion documented by Lachman test and
MRI showed a side-to-side difference of O mm, but a
manual maximum displacement test of 12 mm for each
side and a clinical evidence of abnormal AP laxity;
therefore, it was considered as a failure as well.
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Table 2 Clinical outcome scores

Score Evaluation p values
Pre-operative Final follow-up
Subjective IKDC 580 £122 720 +£165 <0.0001*
WOMAC 682 £132 826 +£11.6 <0.0001*
VAS 732  £12.0 421 £252  <0.0001*
Tegner activity level 3 2-4 5 4-5 =0.0012%*
EQ-5D 0.620 +0.230 0.892 +0.140 <0.0001%*
* Significant values (p < 0.05)
Table 3 Radiographic measurement
Angle Pre-operative Final follow-up p value
FTA 178.5° £ 1.5° 172.9° £ 6.13° =0.0014*
HKA 186.2° &+ 2.7° 179.6° £+ 5.7° =0.0015%*
PTS +6.0° £ 3.7° +4.8° £ 1.9° =0.0412%*
TP% 27+25% 56 +£23 % <0.0001%*

FTA Femorotibial angle, HKA hip—knee—ankle angle, PTS posterior
tibial slope, PT% percentage of tibial plateau

* Significant values (p < 0.05)

Regarding radiological evaluation, all the parameters at
final follow-up improved significantly when compared to
the pre-operative findings (Table 3).

The mean correction of FTA was 5.6° £ 2.8°, while the
mean correction of HKA was 6.6° £ 3.0° (Fig. 3). The
PTS decreased at a mean of 1.2° £ 0.9°. The mechanical
axes crossed the medial-lateral length of tibial plateau at a
mean of 56 + 23 %, shifting laterally of 29 + 11 %
compared to pre-operative status. At final follow-up, 28
patients (88 %) presented value >50 % and only 1 (3 %)
with severe varus alignment.

The radiological evaluation of degenerative changes
according to IKDC radiographic scale demonstrated sig-
nificant changes only in the medial compartment
(p = 0.0230) (Table 4).

Signs of severe medial osteoarthritis (grade D) occurred
in 22 % patients at final follow-up. No differences in
clinical and radiological scores were found between pri-
mary or revision ACL surgery nor between patients with or
without previous meniscectomy.

Regarding correlation analysis, a significant (p = 0.0441)
positive (r = 0.64) correlation was found between PTS and
KT-1000 manual maximum displacement test of the indexed
knee at final follow-up. No further significant correlation was
found between clinical, subjective and radiographic findings
both pre-operatively and at final follow-up.

The analysis of subgroups showed the tendency of
patients with medial compartment severe osteoarthritis
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Fig. 3 Low limb plain radiography. a Right knee with pre-operative
varus alignment. b Correction maintained at 6.5 years of follow-up
evaluation

(grade D) at final follow-up, to present with higher pre-
operative grade of degenerative changes on lateral com-
partment as well (p = 0.0239). There was no significant
difference in terms of demographic characteristics, level of
activity and AP laxity between this subgroup and the rest of
patients. Complications related to the procedure during the
follow-up period were reported in 4 patients (12 %). One
patient experienced hardware intolerance and underwent an
intervention to remove the tibial and femoral staples of ACL
reconstruction. Two patients (6 %) presented lack of knee
flexion during the rehabilitative programme and underwent
arthroscopic arthrolysis, restoring full knee motion. One
patient showed delayed union of the osteotomy was suc-
cessfully treated with external fixator. At final follow-up, no
significant difference was noticed between these patients
who experienced complications and the rest of the sample.

No patients underwent osteotomy revision, ACL revi-
sion, UKA or TKA during the considered follow-up period.
According to failure criteria, two patients presented path-
ological AP laxity, and therefore, failure rate of the com-
bined procedure at a mean of 6.5 years of follow-up has
been 6 %.
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Table 4 Osteoarthritis evaluation—IKDC radiographic score

Grade Medial compartment

Lateral compartment

Patellofemoral compartment

Pre-operative (%)  Final follow-up (%)

Pre-operative (%)

Final follow-up (%) Pre-operative (%) Final follow-up (%)

Grade A 1(3) 0 (0) 21 (66)
Grade B 12 (38) 8 (25) 11 (34)
Grade C 19 (59) 17 (53) 0 (0)
Grade D 0 (0) 7 (22) 0 (0)

p = 0.0230% p = 0.7963

18 (56) 28 (88) 22 (69)

12 (38) 2 (6) 8 (25)

2(6) 2 (6) 1 (6)

0 (0) 0 (0) 0 (0)
p = 03343

* Significant values (p < 0.05)
Discussion

The most important finding of this study is that ACL
reconstruction or revision combined with closing-wedge
HTO reduced pain and improved knee function and laxity
in complex patients presenting with chronic ACL defi-
ciency, varus alignment and initial medial osteoarthritis.

These kinds of patients have been described by Noyes
[21] as “some of the most difficult diagnostic and treatment
dilemmas that clinician may require to manage”. There-
fore, when facing with this issue, it is hard to achieve a
complete resumption to the pre-symptoms-1 appearance
level of activity or function. Few authors have reported
about similar samples of patients achieving comparable
clinical results [5, 13, 21]. Bonin et al. [2] with ACL
reconstruction using patellar tendon and closing-wedge
upper tibial osteotomy achieved a lower number of knee
rated as normal or almost normal according to the IKDC
scale; however, this difference could be imputable to the
longer follow-up, 6.5 years compared with 12 years of
follow-up. Moreover, we achieved satisfactory results in
terms of pain reduction and knee function even if slightly
inferior to other reports [2, 21], but probably this is due to
the higher age (46 years) of the patients at final follow-up.
Moreover, despite of a certain grade of pain and dysfunc-
tion, most of these patients were still able to perform
regular intense sports (62 %). Further, none of the patients
reported severe inability due to knee problems. Such ben-
eficial effect of this combined procedure on the activity has
been reported by Bonin et al.’s longer follow-up, sug-
gesting a potential long-lasting positive result of this
combined procedure.

The instrumented AP laxity assessment showed a sig-
nificant restoration to normal values in 22 patients (69 %)
and only two (6 %) failures [2, 3, 14, 21]. Boss et al. [3],
6 years after patellar tendon ACL reconstruction combined
with closing-wedge HTO, showed 66 % of patients with
<3 mm value and 4 % with >6 mm value measured with
KT-1000, while Noyes et al. [21] showed a mean of
2.8 mm side-to-side difference. The latter authors reported
a 10 % ACL-failure rate 4.5 years after reconstruction that

does not substantially deviate from the 6 % rates of the
present study.

Radiographic outcomes play a crucial role in the eval-
uation of HTO. Generally, the procedure is aimed to move
the low limb mechanical axes laterally toward the so-called
Fujisawa point [9], which correspond to the 62 % of
medial-lateral width of the knee joint away from medial
edge. A different algorithm has been suggested by Marti
et al. [19] which relates the amount of overcorrection to be
achieved to the grade of degeneration of the medial com-
partment. However, there is no clear evidence supporting
one approach over another. On the other hand, solid evi-
dence is available on the risk of excessively overcorrecting
the alignment. Hernigou et al. [11] showed a significant
progression of lateral compartment degeneration in patient
with more than 6° valgus after alignment correction.
Agneskirchner et al. [1] proved that neutral mechanical
axis slightly loads the lateral more than the medial com-
partment, and overcorrecting produces an increase in the
contact pressure on the lateral compartment.

The mean mechanical axes of the patients analyzed in
this study resulted slightly medial to the Fujisawa point
(56 %), differently from Noyes et al. [21] that described
about 80 % of patients with a mechanical axes around the
Fujisawa point. Nevertheless, in this study, 88 % of cases
maintained a neutral or valgus alignment and a overall mean
valgus of 0.4° with no significant progression of the
degenerative changes occurring to the lateral compartment
in any patient. This finding shows that limiting the over-
correction is effective in protecting the lateral compartment
still not compromising the survivorship of the osteotomy
result. Other authors showed similar or even higher post-
operative mean valgus angulation (1.2°-3°) [2, 6] and cor-
rection values, reported to range from 6° to 8.7° [2, 6, 12].

For what concerns radiographic evaluation of the medial
side, controversial findings are reported [2, 3, 14]. In the
present study, it is reported a significant progression
osteoarthritis in 22 % of patients. This is a predictable
degeneration rate at 6.5 years of follow-up when facing
with certain patients with a pre-operative mean age older
than 40 and a significant number of failures of previous

@ Springer



940

Knee Surg Sports Traumatol Arthrosc (2013) 21:934-941

ACL reconstruction and meniscectomies. Interestingly, the
patients who suffered a higher degeneration process on the
medial side are pre-operatively presented with a higher
degree of osteoarthritis on the lateral side. Bonin et al. [2]
showed less degenerative changes at 12 years after the
procedure, but in 10-year younger population undergoing
just primary ACL reconstruction.

A controversial topic concerning HTO is the role of
posterior tibial slope and its effect on ACL-deficient knee.
It is well known that HTO can alter the slope on purpose or
inadvertently [8]. A multicentric study of the French
Society of Orthopaedic Surgery and Traumatology per-
formed on 321 HTO highlighted how open-wedge HTO
increases the slope of a mean of 0.6°, while closing-wedge
HTO decreases slope of a mean of 0.7° [7]. The present
study confirms this finding, as it reported a significant
reduction in the tibial slope of 1.2° with closing-wedge
HTO. The role of tibial slope is particularly interesting
because it has been demonstrated that a steeper slope could
be a risk factor for non-contact ACL lesions [4], caused by
increased strain in the anteromedial bundle [20] due to the
mechanism of anterior tibial translation when a compres-
sive axial load is applied to knee joint [24]. However, a
HTO aimed to decrease tibial slope has not been estab-
lished as therapeutic option for ACL insufficiency [8]. The
present study highlights the importance of tibial slope, due
to the positive correlation reported between PTS and
manual maximum displacement test measured with KT-
1000 Arthrometer.

Considering the relatively low rate of complications, it
can be stated that combined one-stage hamstrings ACL
reconstruction and closing-wedge HTO represents a safe
procedure. Various authors reported complication rates up
to 37 % [13], presenting the knee stiffness as one of the
most common (15 %). Furthermore, no patients required
revision procedures and unicompartmental or total resur-
facing during the follow-up period.

In day by day clinical work, this combined procedure
should be used more frequently to improve the quality of
life of these patients and delay the degenerative changes
related to stress concentration and increased laxity.

This study has some limitations. First, the non-homo-
geneity of the patients makes it difficult to generalize and
standardize the findings, but such complex cases hardly
offer themselves to standardization given their variety in
terms of osteoarthritis changes, medial meniscus status and
previous surgeries. Second, the relatively small number of
patients does not allow statistical analysis between small
subgroups, though it is not extremely frequent to see these
complex cases in the clinical practice. Third, the mid-term
follow-up may be short to evaluate the outcome of a salvage
procedure as combined ACL reconstruction/revision and
closing-wedge osteotomy with chronic ACL deficiency,
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varus alignment and initial medial osteoarthritis. Finally,
fourth, since we had no control group of patients treated in
another way, we compared our results to the available lit-
erature, and owing to variability in patient selection and
methods, such a comparison was only an approximation.

Conclusions

The combined ACL reconstruction or revision and closing-
wedge HTO procedure described in this study allowed
patients with medial osteoarthritis, varus alignment and
chronic ACL deficiency to restore knee laxity, correct
alignment and resume a recreational level of activity at
6.5 years of follow-up. This one-stage procedure in such
complex cases has to be considered a salvage procedure
aiming to improve the function, reduce the pain and avoid
early prosthetic resurfacing.
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