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Abstract

Introduction This study investigates the mid- to long-term

clinical and radiological outcome in patients with symp-

tomatic varus osteoarthritis (OA) and deficiency of the

anterior cruciate ligament (ACL) and analyzes whether

there are differences between isolated high tibial osteotomy

(HTO) or combined single-stage HTO and ACL recon-

struction (ACLR).

Methods 26 patients who underwent HTO alone (group 1)

and 26 patients who underwent single-stage HTO and

ACLR (group 2) because of varus OA and ACL deficiency

were examined at a mean of 5.8 years (SD 3.6 years) post-

operatively. Assessment at follow-up (FU) was performed

using a questionnaire including clinical scores (Lysholm,

IKDC) and the KT-2000 arthrometer to examine anterior

knee stability. Radiographic knee alignment and signs of

OA according to the classification of Kellgren and Lawr-

ence (KL) were assessed pre-operatively and at FU.

Results Eighty-one percent of all patients reported an

improvement of pain and 79% an improvement of insta-

bility without significant group difference. Significant

worse results were observed in group 1 for the Lysholm

score (group 1: 69.4, SD 15.7; group 2: 78.3, SD 16.4;

p = 0.020) and the IKDC score (group 1: 64.8, SD 13.0;

group 2: 74.0, SD 15.6; p = 0.006). No group difference

was found for the KT-2000 examination. A significant

post-operative increase of radiographic OA could be seen

in both groups without significant group difference (KL

pre-operative: 2.3, SD 0.63; KL FU: 2.8, SD 0.74;

p\ 0.001). The radiographic leg alignment at FU showed

a significant lower valgus alignment in group 1 (group 1:

0.4 degree, SD 3.3 degree; group 2: 2.1 degree, SD 2.1

degree; p = 0.039). The rate of post-operative complica-

tions was low with 4%, and no significant group differ-

ences were found.

Conclusions This study shows that HTO alone can

improve pain and even subjective knee stability. Additional

ACLR was in the mid term not associated with a higher

increase of OA or a higher rate of post-operative compli-

cations in our study collective.

Keywords Knee � Varus � Osteoarthritis � HTO � Anterior
instability � ACL reconstruction

Introduction

Valgus producing high tibial osteotomy (HTO) is a widely

accepted treatment option for relatively young and active

patients with painful varus osteoarthritis of the knee joint

[1, 6, 16, 23, 25, 42]. Similarly, anterior cruciate ligament

reconstruction (ACLR) is a routine surgical procedure to

restore knee stability in active patients after acute ACL

injuries or in patients with chronic anterior knee instability

[2, 7, 26, 28, 32, 43].

It is widely accepted that the event of an ACL injury is a

significant risk factor for the early onset of knee

osteoarthritis (OA), especially in varus angulated knees
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[22, 44]. However, the prevention of OA due to ACL

reconstruction is still discussed controversial [5, 9, 14].

Dejour et al. even assumed a negative effect of ACLR on

the development of OA, especially in pre-arthritic knee

joints [19]. The previous studies have shown that varus

alignment might have a negative influence on the outcome

after ACLR due to an increased ligament strain [46, 48].

For this reason, combined HTO and ACLR is commonly

recommended in ACL deficient and varus angulated knees

without progressed cartilage degeneration. However, no

consensus exists on the ideal treatment modality for

patients with chronic ACL deficiency and symptomatic

varus OA [3, 12, 13, 15, 40]. Whereas some authors rec-

ommend a staged procedure with an isolated HTO first and

subsequent ACLR only in the case of persistent instability

[29, 36, 37], other authors prefer a single-stage procedure

with combined HTO and ACLR [3, 8, 10, 11, 30]. A single-

stage procedure avoids a second operation and consecu-

tively a second rehabilitation period, however, combined

HTO and ACLR is technically demanding and may be

associated with a higher rate of intra- and post-operative

complications [3, 8, 10, 11, 17, 30, 35, 38, 47].

To date, only few studies have compared isolated HTO

with single-stage HTO and ACLR in patients with anterior

knee instability and symptomatic varus OA [8, 29, 37, 47].

These studies have recently been included in a systematic

review on the clinical outcome after unicompartmental

knee arthroplasty (UKA) and HTO in ACL deficiency [34].

However, due to the small study populations [8, 29] and

short-term follow-up periods [37, 47], only limited con-

clusion could be made.

The aim of this study was, therefore, to report and to

compare the mid- to long-term clinical and radiological

results of isolated HTO vs. HTO ? ACLR in a relatively

large cohort of patients with pre-operative symptomatic

varus OA and ACL deficiency.

Materials and methods

The study population consisted of patients who underwent

isolated HTO or single-stage HTO combined with ACLR

because of symptomatic varus OA and ACL deficiency at

one of the authors (A.B.I.) institution between 10/1996 and

09/2007.

The detailed inclusion criteria for this study were:

symptomatic varus OA (defined as medial-sided knee

pain), radiographic OA of the medial compartment Cgrade

1 according to Kellgren and Lawrence, varus alignment

[0� (as measured on full leg standing radiographs),

arthroscopically verified ACL deficiency, age \50 years,

and follow-up period of at least 24 months. Exclusion

criteria were additional ligament reconstruction other than

ACLR, pre-operative patellofemoral problems, and

inflammatory rheumatic disease. Fifty-three patients met

the above-mentioned criteria and could be included in this

study. Twenty-seven patients (51%) were treated with an

isolated HTO (group 1) and twenty-six patients (49%) were

treated with single-stage HTO and ACLR (group 2).

A lateral closed-wedge HTO was performed in 25 cases

(47%), while a medial open-wedge HTO was performed in

28 cases (53%). For ACLR, bone patellar tendon bone

(BPTB) autografts were used in 14 cases (54%), BPTB

allografts in three cases (12%), and hamstring tendon

autografts in nine cases (35%). The corrected alignment of

the leg was controlled radiologically at the end of the

operation, whereas a slight overcorrection in valgus was

aimed at in each case. The operative techniques have been

described in detail elsewhere [27].

One patient of group 1 was revised to a total knee

arthroplasty (TKA) during the follow-up period and was

subsequently assessed as failure and excluded from

further examination. The clinical outcome of the

remaining 52 patients was evaluated retrospectively after

a mean follow-up of 5.8 years (SD 3.6 years). Patients

were asked about post-operative satisfaction and about

the development of instability and pain of the operated

knee joint. The Lysholm score and IKDC score were

used as standardized outcome measures to evaluate the

function of the operated knee. Anterior tibial translation

of the affected knee in comparison to the non-affected

contralateral knee was measured using the KT-2000

arthrometer, and the difference between both knees was

given as final result. The post-operative alignment of the

affected extremity and signs of OA according to the

classification of Kellgren and Lawrence (KL) were

assessed radiographically at final follow-up and com-

pared with pre-operative images. Both the pre-operative

and follow-up radiographs had been evaluated by three

different observers and the average values were given as

final results.

Statistical analysis was performed using IBM SPSS

Statistics (version 19). Group comparison was performed

using the Student’s t test for normally distributed data and

the Mann–Whitney test for not normally distributed data.

The level of significance was set at p B 0.05.

Results

Epidemiologic and pre-operative data of the two study

groups are given in Table 1. At the time of surgery,

patients of group 1 were significantly older and the pre-

operative radiographs showed a significantly higher grade

of OA. In addition, the follow-up time was significantly

shorter in group 1.
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At final follow-up, 48 patients (92%) were ‘‘very satis-

fied’’ or ‘‘satisfied’’ with the post-operative outcome and

would undergo the same operative procedure again, while 3

patients (6%) were ‘‘moderately satisfied’’ and 1 patient

(2%) was ‘‘unsatisfied’’ with the post-operative outcome

and would not undergo the same operation again. There

was no significant difference between the two groups

according to post-operative satisfaction.

In comparison to the status before surgery, an

improvement of pain was reported by 81% of all patients

(group 1: 89%; group 2: 73%), and an improvement of

subjective knee stability was reported by 79% of all

patients (group 1: 77%; group 2: 81%) without significant

group differences for both values.

The analysis of the clinical scores showed a mean

Lysholm score of 73.9 (SD 16.5) and a mean IKDC score

of 69.4 (SD 15.0) for all patients. Group 1 showed a sig-

nificantly worse result in the Lysholm score and in the

IKDC score compared to group 2. The results of the clin-

ical scores are presented in Figs. 1 and 2.

The evaluation of anterior knee instability using the KT-

2000 arthrometer showed mostly good and fair results for

all patients (Fig. 3) with no significant difference between

both groups (Fig. 4).

The comparison of pre-operative and follow-up radio-

graphs showed a significant increase of radiological OA

signs in both study groups. The mean KL grading of all

patients significantly increased from 2.3 (SD 0.63) pre-

operatively to 2.8 (SD 0.74) at final follow-up (p\ 0.001).

There was no significant difference in OA progression

between the two study groups (Fig. 5).

The radiographic analysis of the post-operative align-

ment showed a mean mechanical axis of 181.2� (SD 2.9�),
indicating a slight valgus of 1.2�. There was a significantly
lower valgus alignment in group 1 in comparison to group

2 (p = 0.039) (Fig. 6).

Table 1 Epidemiologic and

pre-operative data of the two

study groups

Group 1 Group 2

Number of patients 26 26

Female/male 9/17 7/19

Age at surgery (years)* 40.5 (SD 6.4) 35.4 (SD 7.2)

BMI at surgery (kg/m2) 27.7 (SD 4.6) 25.8 (SD 3.4)

Pre-operative Kellgren–Lawrence grading** 2.7 (SD 0.62) 1.9 (SD 0.38)

Pre-operative varus angle (�) 6.0 (SD 3.1) 5.1 (SD 2.2)

Follow-up period (years)*** 4.0 (SD 2.1) 7.7 (SD 3.8)

* Significant difference (p = 0.013)

** Significant difference (p\ 0.001)

*** Significant difference (p = 0.005)

Fig. 1 Lysholm score at final follow-up. Group results given as mean

and SD and presented in box plots. Significant group difference

(p = 0.020)

Fig. 2 IKDC score at final follow-up. Group results given as mean

and SD and presented in box plots. Significant group difference

(p = 0.006)
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During the follow-up period, a total of 5 patients (9.6

percent) required further surgeries at the affected knee in

addition to the elective removal of the osteotomy plate

(Table 2).

Discussion

The most important finding of this study was that both

major symptoms, pain and instability, could be improved

on a long-term basis in the vast majority of all cases

leading to a high rate of post-operative satisfaction inde-

pendent of the surgical procedure.

Patients with symptomatic varus OA and ACL defi-

ciency are a heterogeneous group, which is one reason why

there are no clear recommendations in the literature on how

these patients should be treated. In the past few years, a

trend could be seen towards a combined procedure of

valgus HTO and ACLR, especially in younger active

patients, while HTO alone was preferred in older patients

with advanced OA [3, 8, 10, 47]. This trend has also been

considered in the treatment of our study population, as

indicated by a significantly higher age and a significantly

higher grade of OA at time of surgery in group 1. This

selection bias certainly makes the group comparison more

Fig. 3 Results of KT-2000 measurement at final follow-up for all

patients. Side difference of anterior tibial translation of the operated

knee in comparison to the healthy contralateral knee given in

millimeter

Fig. 4 KT-2000 measurement in mm side difference at final follow-

up: group results given as mean and SD and presented in box plots.

No significant group difference

Fig. 5 Increase of KL score from pre-operative to final follow-up:

group results given as mean and SD and presented in box plots. No

significant group difference

Fig. 6 Mechanical knee axis at final follow-up: 180 degree indicating

a straight axis, [180 degree indicating varus, and \180 degree

indicating valgus. Group results given as mean and SD and presented

in box plots. Significant group difference (p = 0.039)
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difficult; nevertheless, relevant findings could still be

revealed by this study.

The evaluation of the clinical scores showed mostly

satisfying results in both study groups. Since the Lysholm

score is a sensitive measure for instability related problems,

the significantly worse results for the patients of group 1

compared with patients who had additionally been treated

with ACLR, could be expected. This, however, does not

indicate that there was no gain of stability in group 1 as the

vast majority of these patients (77%) reported an

improvement of subjective knee stability in the post-oper-

ative course. In comparison with the Lysholm score, the

IKDC score is rather focused on arthrosis-related symp-

toms. Although an improvement of pain was reported by

almost 90% of group 1, they showed significantly worse

results in the IKDC score in comparison to group 2. These

results are even more enhanced considering the patient of

group 1, who was revised to a TKA and, therefore, has to

be evaluated as failure. The worse results of group 1 may

be caused by the fact that these patients already had a

higher grade of OA at time of surgery. In addition to that,

the significant lower valgus alignment at FU in group 1

represents a relevant risk factor for worse clinical results in

patients, who suffer from medial gonarthrosis.

Since several previous long-term studies have already

shown that HTO is a suitable procedure to reduce pain in

patients with varus OA [1, 6, 16, 25, 42], the significant

relief of pain in most of our patients was not surprising.

Likewise, an improvement of pain and instability could be

seen in this study after combined HTO and ACLR, as

demonstrated by several studies before

[3, 8, 10, 11, 31, 36, 37, 45, 47]. However, the fact that

HTO without ACLR has lead to a significant improvement

of subjective knee stability in patients with varus OA and

ACL deficiency is rather surprising. Nevertheless, this

finding is not completely new, since few previous studies

have already shown this correlation [18, 29, 37, 47]. Wil-

liams et al., for example, described an improvement of

subjective knee stability in 67% of patients after isolated

HTO [47]. Different reasons for this observation have been

suggested. Dejour et al. interpret the gain of stability as a

consequence of the modified biomechanics in the arthritic

knee joint with increased development of osteophytes,

which lead to a widening of the articular surface and,

therefore, to an increase of stability especially under axial

loads [18]. Since group 1 showed a significantly higher

grade of OA, this explanation seems quite suitable for our

study as well. Another aspect that might influence knee

stability after HTO is a modification of the tibial slope.

Several mathematical and cadaver studies have shown an

increase of anterior tibial translation in correlation with the

tibial slope [4, 20, 24, 33, 39, 41]. A higher strain on the

ACL by increasing the tibial slope, however, could not be

demonstrated which seems to be caused by the fact that an

increased slope does not only lead to an anterior translation

of the tibia but also to a superior translation and an external

rotation of the tibia leading to an approximation of the

ACL origins and, therefore, to a decrease of ACL strain

[4, 21]. It, therefore, remains unclear whether changes of

the tibial slope influence knee stability in ACL deficient

knees. In accordance to recommendations of recent studies,

open-wedge osteotomy had consistently been emphasized

in the posterior aspect in our patients to avoid an increase

of the tibial slope [21]. However, an appropriate statement

on a possible change of the tibial slope and consecutively

on its influence on knee stability could retrospectively not

be done on the basis of present data. Nevertheless, the

results of our study show that HTO without ACLR is a

reasonable procedure in patients with intermediate-stage

medial OA and anterior instability, not only to reduce pain,

but also to improve knee stability. This statement is even

more verified due to the fact that the objective evaluation

of anterior knee stability with the KT-2000 arthrometer did

not show significant worse results in patients who had been

treated with HTO alone in comparison to the patients who

had additional ACLR.

A further important finding of this study was that a

significant increase of radiological OA could be detected in

both study groups. In accordance with the previous studies

[29, 47], the progression of OA could not be stopped in

most cases. However, only one of the 53 included patients

had to be converted to total knee arthroplasty, and there-

fore, the operative procedures performed in this study seem

to be capable of slowing down the degeneration of the knee

joint also on a long-term basis. Furthermore, additional

ACLR had no influence on the rate of OA progression. It

can, therefore, be argued that a combined HTO and ACLR

is also a reasonable option in older patients with higher

Table 2 Operative procedures

at the relevant knee joint since

primary surgery

Group Patient Procedure

Group 1 No. 1 2 9 wound revision after plate removal

No. 2 Arthroscopy, microfracturing

No. 3 3 9 wound revision due to infection

Group 2 No. 1 Arthroscopy, partial medial meniscectomy, POL release, cyclops resection

No. 2 Arthroscopy, partial medial meniscectomy
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grades of OA, especially when suffering from both, pain

and instability.

The results of the radiological assessment of the knee

axis at final follow-up led to the assumption that some

patients had undergone a loss of correction during the post-

operative course. This phenomenon was already described

by Noyes et al. who observed a correlation between the loss

of correction and the time, since HTO caused by a gradual

decompensation of the medial joint surface in the

osteoarthritic knee [36]. This would also explain the results

in group 1 with a greater loss of correction due to the

higher grade of OA at the time of surgery. An important

finding in this connection is the fact that an additional

ACLR does not seem to have a negative influence on an

increased loss of correction, quite in contrary, it seems

conceivable that additional ACLR may counteract this

development.

Compared to isolatedHTO, a higher complication rate has

been reported after concomitant ACLR, especially in older

publications [29, 36, 37]. Specifically, a higher risk of

overcorrection, rapid loss of correction, material loosening,

infection, and re-rupture of the ACL have been described by

these authors. In our study, however, there was no patient

with significant overcorrection, rapid loss of correction,

material loosening, or re-rupture of the ACL. No patient who

had been treated by a combined procedure needed wound

revision because of infection, while two patients of group 1

neededwound revision. Accordingly, the results of this study

do not confirm a higher complication rate after combined

HTO and ACLR compared to isolated HTO.

Along with certain strengths, there are some limitations

of this study. As already described, the whole study group

is quite heterogeneous and the patients had been treated

according to recommendations of current studies at the

time of operation which led to a selection bias and,

therefore, to a decrease of statistical significance regarding

the group comparison. To reduce this bias, an age limit of

50 years was set as inclusion criteria, but still a remaining

bias had been accepted to keep the study group as large as

possible. Further limitations are the lack of pre-operative

values of the clinical scores (Lysholm and IKDC) and of

pre-operative values of the KT-2000 measurement which is

why a statement on the development of these values in the

post-operative course could not be made. Nevertheless, to

acquire information about the post-operative course, the

patients had been asked about the development of the main

symptoms pain and instability at follow-up. Furthermore, a

prospective radiographic analysis was performed compar-

ing the pre-operative images with the images made at

follow-up to gain information of the development of OA.

In summary, patients with symptomatic varus OA in

combination with anterior knee instability are still a chal-

lenge for orthopedic surgeons, especially since these

patients represent a very heterogeneous group with widely

differing symptoms, complaints, and expectations. There-

fore, a ‘‘one fits all therapy’’ is certainly not realistic, but a

differentiated approach considering the patients‘ main

symptoms pain and instability, the level of activity, the

grade of OA, and the patients’ age is necessary to achieve a

high post-operative satisfaction (Fig. 7). For the process of

Fig. 7 Important parameters

that should be considered in the

process of decision-making with

regard to the operative

procedure in patients with varus

OA and anterior knee instability
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decision-making, it should be considered that a reasonable

improvement of knee stability can be achieved also by

HTO alone; however, in patients with relevant knee

instability and high demands on physical activity, the

indication for combined HTO and ACLR should be

considered.

Conclusion

In patients with symptomatic varus OA and anterior knee

instability, HTO alone is an appropriate method to improve

pain symptoms even in a long-term basis. To a certain

extent, also the knee stability can be improved by this

single procedure. This study shows that additional one-

staged reconstruction of the ACL, however, seems to even

improve knee function without significant risk of increased

OA progression or increased complication rate in a mid-

term perspective.
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