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Opening wedge high tibial osteotomy allows better outcomes 
than unicompartmental knee arthroplasty in patients expecting 
to return to impact sports

Christophe Jacquet1 · Firat Gulagaci1 · Axel Schmidt1 · Aniruddha Pendse1 · Sebastien Parratte2 · 
Jean‑Noel Argenson1 · Matthieu Ollivier1

Abstract
Purpose Prior studies have compared unicompartmental knee arthroplasty (UKA) with high tibial osteotomy (HTO) 
sug-gesting that both procedures had good functional outcomes. But none had established the superiority of one of the two 
pro-cedures for patients with high expectation including return to impact sport. The aim of this study was to compare 
functional outcomes and ability to return to impact sport of active patients defined with a pre-arthritis University of 
California and Los Angeles activity (UCLA) score > 8, after UKA or HTO procedures.
Methods A retrospective review of patients with a pre-arthritis UCLA score > 8 operated between January 2014 and Sep-
tember 2017 has identified 91 patients with open-wedge HTO and 117 patients with UKA. A matching process based 
on age (± 3 years) and gender allowed to include 50 patients in each group for comparative analysis. Patient reported 
outcomes included Knee Osteoarthritis Outcomes Score (KOOS), UCLA Score, Knee Society Score (KSS) and time to 
return to sport or previous professional activities at 3, 6, 12 and 24 months following surgery.
Results Mean time to return to sport activities or previous professional activities were significantly lower for the HTO 
group than for UKA group [respectively, 4.9 ± 2.2 months for HTO group vs 5.8 ± 6.2 months for UKA group (p = 
0.006) and 3 ± 3 months for HTO group vs 4 ± 3 months for UKA group (p = 0.006)]. At 24-month follow-up, UCLA 
score, KOOS Sports Sub-score and KSS activity score were significantly higher for HTO group than for UKA group (Δ: 2 
CI 95% (1.3–2.5 points) p < 0.0001, (Δ: 10.9 CI 95% (2.9–18.9 points) p = 0.04 and Δ: 7.8 CI 95% (2.4–13.4 points) p = 
0.006, respectively) and 31 patients (62%) were practicing impact sport in the HTO group versus 14 (28%) in the UKA 
group (odd-ratio 4.2 CI 95% (1.8–9.7) p < 0.0001).
Conclusion HTO offers statistically significant quicker return to sport activities and previous professional activities with 
a higher rate of patients able to practice impact activity (62% for HTO vs 28% for UKA) and better sports related 
functional scores at two years after surgery compared to UKA.
Level of evidence III retrospective case–control study.

Keywords Opening wedge high tibial osteotomy · Unicompartmental knee arthroplasty · Impact sport · Patient reported 
outcomes

Introduction

Treatment of knee osteoarthritis (OA) has become more 
challenging as surgeons are facing younger patients with 
higher expectation post-surgery 2. In this group of patients, 
relief from pain is no longer the sole criteria for success but 
return to pre-disease level of activity is also important [1, 
2]. For tricompartmental disease the decision making is rea-
sonably straightforward with total knee arthroplasty (TKA) 
being the obvious choice with predictable outcome [3-5]. 
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However, previous studies have demonstrated low propor-
tion of patients are able to return to high impact activities 
[6, 7]. Unicompartmental knee arthroplasty (UKA) might 
provide a better alternative in case of varus deformity with 
isolated medial compartment cartilage wear [8]. It is a less 
invasive procedure for a better range of motion (ROM), pres-
ervation of bone stock, maintenance of native biomechanics 
and quicker recovery time [9, 10].

High Tibial Osteotomy (HTO) represents an another 
alternative to UKA in case of extra-articular deformities 
leading to abnormal knee loading behavior and resultant 
intra-articular cartilage wear [11].

An essential advantage of both methods is that the ante-
rior cruciate ligament remains intact and the proprioception 
is better than in the TKA [12, 13].

Unicompartmental knee arthroplasty (UKA) and high 
tibial osteotomy (HTO) are established treatment methods 
for moderate medial compartment OA, although choosing 
the appropriate surgical treatment for unicompartmental OA 
for patients with high expectation including return to impact 
sport remains somewhat controversial.[14-16].

Although the return to sport after HTO or UKA has 
already been analyzed [15, 17, 18], to date, no study of the 
literature have compared these two techniques in a specific 
population of patient practicing an impact sport before the 
onset of osteoarthritis symptoms.

The purpose of this study was to compare functional out-
comes and ability to return to impact sport of active patients 
defined with a pre-arthritis University of California and Los 
Angeles activity score (UCLA) > 8, after UKA or HTO pro-
cedures. We hypothesized that there is no difference between 
HTO and UKA with regard to recovery to sports and rate of 
patients returning to impact activities.

Methods

A retrospective comparative study identified 291 patients 
that underwent Medial UKA and 134 open-wedge HTO in 
our department between January 2014 and September 2017.

Indication for HTO included (HTO group): isolated 
medial knee osteoarthritis Ahlbäck grade < 3 [19] with a pre-
served status of the patellofemoral and lateral tibio-femoral 
joints assessed using clinical and radiological (X-rays and 
MRI-scan) examination, a significant metaphyseal tibial vara 
(Medial plateau tibial angle (MPTA) < 84°), a stable knee 
in sagittal and coronal plane and the failure of all medical 
treatments.

Indication for UKA included (UKA group): isolated 
medial knee OA (Ahlbäck, any grade, see below) with a pre-
served status of the patellofemoral and lateral tibio-femoral 
joints assessed using clinical and radiological (X-rays and 
MRI-scan) examination, a stable knee in sagittal and coronal 

plane with range of knee movement from 0° to at least 100°, 
a passively correctible varus on stress radiographs) and the 
failure of all medical treatments.

When both indications were possible the choice was left 
to the patient after clear information on the advantages and 
disadvantages of both techniques.

Exclusion criteria for both groups were: previous ipsilat-
eral knee surgery (excluding knee arthroscopy for meniscal 
surgery), rheumatological disease process, as well as any 
contralateral and general co-morbidities restraining the over-
all mobility (e.g. neurological or neuromuscular conditions) 
and a follow-up of less than 2 years.

In order, to create comparable group of patients, patients 
with grade 1 of OA in the HTO group (7 patients) and grade 
4 of OA in the UKA group (37 patients) were excluded. 
Finally, only grade 2 and 3 of OA in both groups were 
included in the study (Fig. 1).

After the analysis of the routine pre-operative question-
naire, only patients practicing an impact sport activity, as 
alpine ski, tennis/squash, jogging, soccer/football and mar-
tial arts, before the onset of arthritic symptoms (pre-arthritis 
UCLA score > 8) were included (92 patients in HTO group 
and 119 patients in the UKA group).

A matching process based on age (± 3 years) and gender 
allowed to finally include 50 patients in each group for com-
parative analysis.

Three different periods were compared. The pre-arthritis 
period corresponding to the period before arthrosis symp-
toms reported by patients. The preoperative period defined 
by status right before surgery. The postoperative period 
described the condition at the last follow-up (consultation 
or questionnaire if data were missing).

Both groups were comparable for demographic parame-
ters and preoperative KOOS scores (Table 1). The mean time 
between onset of symptoms and knee surgery was 15 ± 8 
[10–28] (HTO) and 19 ± 9 [9–27] months (UKA) (p = 0.1). 
Mean age was 49.3 ± 3.9 [44–54] and 50.8 ± 4.4 [47–57] 
for HTO and UKA groups, respectively. Mean follow-up 
period was 3.7 ± 1.6 [2–5.5] years (HTO) and 3.9 ± 1.8 
[2–5.7] years (UKA). 11 HTO and 9 UKA (p = 0.5) patients 
had a pre-operative UCLA score > 8. Only preoperative dif-
ference between groups was hip-knee-ankle angle (HKA), 
since the indication for HTO is significant varus malalign-
ment when UKA doesn’t have the goal to interfere with 
HKA (Table 1). Patients’ labor load was similar between 
the groups (Table 2).

Surgical procedure

In the UKA group, a cemented medial UKA (ZUK LIMA-
Corporate Undine) was implanted [20].

In the HTO group, the planned correction was calculated 
by the surgeon using conventional radiographs (weight 



Fig. 1   Patient flow chart. 
HTO high tibial osteotomy, 
UKA unicompartmental knee 
arthroplasty, OA Grade Osteo-
arthritis Ahlbäck grade

Table 1   Patient’s characteristics

HTO high tibial osteotomy, UKA unicompartmental knee arthroplasty, SD standard deviation, KOOS knee injury and osteoarthritis outcome score, 
ADL activity of daily life, QOL quality of life, hip-knee-ankle angle (HKA)
*Statistically significant

Parameters HTO (n = 50)  ± SD [range] UKA (n = 50)  ± SD [range] p value

Mean age (years) 49.3 ± 3.9 [44–54] 50.8 ± 4.4 [47–57] 0.3
Mean body mass index (kg/m2) 26.6 ± 2.6 [19.3–29.9] 27.1 ± 3.1 [20.1–31.2] 0.2
Mean follow-up (years) 3.7 ± 1.6 [2–5.5.5] 3.9 ± 1.8 [2–5.7] 0.6
Gender (male) (n) 28 29 0.7
Mean pre-arthritis UCLA score 9.2 ± 0.5 [9–10] 9.4 ± 0.4 [9–10] 0.2
Mean pre-operative UCLA score 6.9 ± 1.2 [4–10] 6.8 ± 2 [3–10] 0.7
Mean preoperative KOOS Pain 53 ± 16 [10–70] 53 ± 15 [18–70] 0.8
Mean preoperative KOOS Symptom 47 ± 19 [10–70] 51 ± 17 [10–70] 0.2
Mean preoperative KOOS ADL 47 ± 18 [5–70] 50 ± 17 [8–64] 0.3
Mean preoperative KOOS Sport 37 ± 19 [7.5–65] 41 ± 21 [7.5–70] 0.4
Mean preoperative KOOS QQL 44 ± 13 [8–70] 47 ± 15 [8–70] 0.3
Mean time between onset of symptoms and 

knee surgery
15 ± 8 [10–28] 19 ± 9 [9–27] 0.1

Mean preoperative HKA (°) 171.5 ± 4.2 [165–175.5] 176.0 ± 0.3 [175–178]  < 0.0001*
Mean postoperative HKA (°) 181.6 ± 1.1 [176–184] 178.4 ± 0.2 [177–180]  < 0.0001*

Table 2   Labor load of patients

HTO high tibial osteotomy, UKA unicompartmental knee arthroplasty

Parameters Sitting Standing with-
out labor

Standing with 
some labor

Heavy labor Total (n) p value

HTO (n) 14 8 14 14 50 0.2
UKA (n) 15 11 11 13 50



bearing long-leg, A/P and lateral views) following Miniaci’s 
Method [21]. Subsequently all patients underwent a CT-scan 
and a Patient Specific Cutting Guide was designed to achieve 
the osteotomy following a previously published surgeon 
guided step-by-step procedure [22]. The bone defect was 
filled with femoral head wedge allograft in every patient. 
All the osteotomies were stabilized with the same implant 
(locking screw plate: New-clip Technics, Haute-Goulaine, 
France). All procedures were performed by two senior sur-
geons of our institution using the same previously described 
technique [23].

The same peri-operative protocol and postoperative regi-
men was used in both the groups, including full weight bear-
ing as tolerated and heparin thromboprophylaxis for 30 days. 
There was no restriction on the patients to go back to impact 
activities postoperatively either after UKA or HTO. Con-
cerning lateral hinge fractures for the HTO group:

For Takeuchi [24] Type 1 and 2 diagnosed intraopera-
tively; toe touch weight bearing for 6 weeks aided with the 
use of crutches was recommended. Full weight-bearing was 
allowed after 6 weeks.

For Takeuchi 3 diagnosed intraoperatively: the fracture 
was treated intraoperatively by two additional compression 
screw and no weight bearing during 6 weeks followed by 
toe touch weight bearing for 6 weeks aided with the use 
of crutches was recommended. Full weight-bearing was 
allowed after 12 weeks.

If hinge fractures was diagnosed at 6 weeks’ follow-up, 
for the type I and 2, full weight bearing was extended. For 
the type III a toe touch weight bearing for 6 weeks was rec-
ommended before full weight bearing.

Clinical follow‑up

Patients were evaluated at 4 weeks, 3 months, 6 months, 
12 months and subsequently at every 12 months. Evaluation 
included radiographic imaging (AP and lateral views) and 
assessing complications, if any. Patient reported outcome 
scores were evaluated at every clinical visit, which included 
Knee Osteoarthritis Outcomes Score (KOOS), UCLA Activ-
ity Score (UCLA), Knee Society Score (KSS) and time to 
return to sport or previous professional activities [4, 25, 
26]. If data were missing, a questionnaire was sent by post 
(n = 17; 6 for the HTO group and 11 for the UKA group) and 
any subsequent telephone recalls (n = 7; 4 for HTO group 
and 3 for the UKA group) were performed in cases of non-
return of the postal questionnaire. One patient in the HTO 
group and two patients in the UKA group were considered 
finally lost to follow-up because of missing data (Fig. 1).

Local Ethical Committee approval was obtained prior to 
study’s initiation (Comité Informatique et Liberté (CIL)/
Assistance Publique des Hopitaux de Marseille (AP-HM)/
Registration Number 2019–17-03)).

Statistical analysis

Prior to initiation of the study, a power calculation was done 
to estimate the sample size in both the groups to have the 
pB at 0.8. It was established, 50 patients in each group were 
needed to distinguish any difference, superior to the pub-
lished minimal clinically important difference of the KOOS 
score [27]. The study was powered to 80% to detect a dif-
ference > 10 points on the KSS or KOOS with a p < 0.05 
level. Data were represented as mean values with standard 
deviations and [ranges]. Normal (Gaussian) distributions 
was verified to determine adequate statistical testing method 
(Student t tests vs Wilcoxon–Mann–Whitney tests) to esti-
mate difference between groups in an univariate analysis. 
Multiple linear regression models were developed to estab-
lish the determinants for each of the variables. For each 
model, variables with a p value less than 0.1 were kept in 
the final model.

Statistical analyses were performed with use of SSPS 
software (IBM; Armonk, NY).

Results

Mean time to return to sport activities (whatever sporting 
level) and previous professional activities were significantly 
lower for the HTO group than for UKA group [respectively, 
4.9 ± 2.2 [2–9] months for HTO group vs 5.8 ± 4.2 [2–13] 
months for UKA group (p = 0.006) and 3.0 ± 3.0 [2–7] 
months for HTO group vs 4.0 ± 3.0 [2–13] months for UKA 
group (p = 0.006)].

24 months after surgery, 31 patients (62%) were practic-
ing impact sport in the HTO group vs 14 (28%) in the UKA 
group (odd-ratio 4.2 CI 95% (1.8–9.7) p < 0.001).

The mean UCLA score improvement from pre-operative 
to postoperative (at 24 months) period was significantly 
superior in the HTO group than in UKA group (1.5 ± 1.9 vs 
0.3 ± 2.1 p < 0.001).

The mean UCLA score deterioration from pre-arthri-
tis to postoperative period (24 months) was significantly 
lower in the HTO group than in UKA group (− 0.3 ± 2.1 vs 
− 3.0 ± 2.0 p < 0.001).

At 2-year follow-up, mean UCLA score, KOOS Sports
Sub-score and KSS activity score were significantly higher 
for HTO group (Δ: 2 CI 95% (1.3–2.5 points) p < 0.001, (Δ: 
10.9 CI 95% (2.9–18.9 points) p = 0.04 and Δ: 7.8 CI 95% 
(2.4–13.4 points) p = 0.006, respectively).

Patient reported outcome scores are summarized in 
Tables 3 and 4.

Multivariate analysis demonstrated that patients age sig-
nificantly influenced the improvement of KOOS sports score 
(p = 0.01). Postoperative UCLA score was found to be influ-
enced by the pre-arthritis value (p = 0.04).



Concerning complications, for the HTO group 16.7% 
patients were found to have lateral hinge fractures (83.3% 
type 1, 8.3% type 2 and 8.3% type 3). One nonunion was 
seen at 9 months after HTO, union was achieved 5 months 
after a revision procedure.

No infection was observed in both groups (UKA and 
HTO).

No patients had a UKA revision or HTO conversion to 
UKA/TKA during follow-up, 11 (22%) patients from the 
HTO group underwent hardware removal at a mean follow-
up of 18.1 ± 4.4 [10–29] months.

Discussion

The most important finding of the present study was that 
HTO offers statistically significant quicker return to sport 
activities and previous professional activities with a higher 
rate of patients able to practice impact activity (62% for HTO 
vs 28% for UKA) and better sports related functional scores 
at two years after surgery compared to UKA in a population 
of active patients defined with a pre-arthritis University of 
California and Los Angeles activity score (UCLA) > 8. The 
hypothesis that both procedures were similar for returning 
to impact sports was not verified in this study.

While both procedures are often realized in a very similar 
population (in terms of demographic parameters), their aims 
are deeply different: HTO intends to correct extra-articular 
deformities leading to abnormal knee loading and resultant 
intra-articular cartilage wear [11], while UKA aims solely 
to resurface a worn tibiofemoral compartment leaving 
lower-limb mechanical axis in its preoperative configura-
tion. Traditionally, UKA was indicated for patients aged over 
60 years old with unicompartimental OA without a high 
activity level [28] while HTO was indicated for younger 

Table 3   Patients’ postoperative 
sports and functional outcomes

HTO high tibial osteotomy, UKA unicompartmental knee arthroplasty, UCLA University of California Los 
Angeles, KSS Knee Society Score
*Statistically significant
°Reaching minimal clinically important difference

Parameters HTO ± SD [range] UKA ± SD [range] p value

Mean time to return to previous professional 
occupation (months)

3 ± 3.0 [2–7] 4 ± 3.0 [2–13] 0.006*

Mean time to return to sport activities (months) 4.9 ± 2.2 [2–9] 5.8 ± 4.2 [2–13] 0.006*
Mean postoperative UCLA score 8.4 ± 1.6 [6–10] 6.5 ± 2 [3–10]  < 0.0001*°
Mean KSS symptom at 24 months 19 ± 5.4 [4–25] 20 ± 6.8 [4–25] 0.3
Mean KSS satisfaction at 24 months 33 ± 6 [10–40] 30 ± 8 [2–40] 0.04*
Mean KSS expectation at 24 months 8 ± 1.7 [3–14] 9 ± 2.4 [3–14] 0.3
Mean KSS activity at 24 months 84 ± 8 [62–100] 75 ± 9 [46–96] 0.006*°
Mean KSS subtotal at 24 months 61 ± 7 [44–78] 60 ± 9 [40–78] 0.6

Table 4   Patient reported outcome scores at 3, 6, 12 and 24 months

HTO high tibial osteotomy, UKA unicompartmental knee arthroplasty, 
KOOS knee injury and osteoarthritis outcome score, QOL quality of 
life, ADL activity of daily life
*Statistically significant
°Reaching minimal clinically important difference

Parameters Time (months) HTO UKA p value

KOOS
 QOL 3 63 ± 6 60 ± 7 0.3
 Sports 47 ± 7 47 ± 8 0.8
 ADL 67 ± 6 67 ± 9 0.5
 Symptom 68 ± 9 67 ± 8 0.6
 Pain 72 ± 7 71 ± 9 0.3

VAS 2.9 ± 2 2.9 ± 3 0.9
KOOS
 QOL 6 72 ± 6 69 ± 8 0.5
 Sports 67 ± 6 56 ± 7 0.03*°
 ADL 76 ± 7 77 ± 8 0.5
 Symptom 76.8 ± 9 76.3 ± 7 0.6
 Pain 81.1 ± 6 80.5 ± 7 0.4

VAS 2.3 ± 2 1.9 ± 3 0.2
KOOS
 QOL 12 79 ± 8 76 ± 7 0.5
 Sports 74 ± 7 63 ± 6 0.01*°
 ADL 84 ± 8 84 ± 7 0.4
 Symptom 84 ± 7 83 ± 8 0.8
 Pain 88 ± 8 87 ± 7 0.8

VAS 1.7 ± 1.2 1.5 ± 0.8 0.2
KOOS
 QOL 24 81 ± 7 78 ± 7 0.5
 Sports 76 ± 6 65 ± 7 0.009*°
 ADL 84 ± 7 84 ± 6 0.9
 Symptom 86 ± 8 86 ± 9 0.6
 Pain 91 ± 9 91 ± 10 0.7

VAS 1.0 ± 0.5 0.9 ± 0.4 0.5



patients (< 60 years old) with varus malalignment and mod-
erate unicompartimental arthrosis [29].

The surgical indications for UKA have expanded 
because of improved surgical techniques and mod-
ern implant designs, along with increased experience with 
the procedure [30] allowing to use UKA for younger active 
people. Some of the indications for HTO and UKA may 
currently be similar in some cases [14], but choosing the 

appropriate surgical treatment for unicompartmental OA 
for patients with sports expectations remains somewhat 
controversial [14-16].

Several studies and meta-analysis are available in the 
literature comparing clinical outcomes of HTO and UKA, 
some of them including results about sports activities 
(Table 5) [15, 23, 31-33]. But the difference in population 
between the different studies, in particular on the age and 

Table 5   Literature review of recent studies comparing HTO and UKA sports recovery

HTO high tibial osteotomy, UKA unicompartmental knee arthroplasty, KOOS knee injury and osteoarthritis outcome score, UCLA University of 
California Los Angeles, KSS knee society score, VAS visual analogue scale, WOMAC Western Ontario and McMaster Universities Osteoarthritis 
Index, SF short form, IKDC international knee documentation committee, M male, F female, Postop postoperative

Studies Study group(s) Age Gender
M:F

Follow-up Return to sports UCLA Outcome scores

Bonnin et al. 
[32]

HTO 59.1 ± 8.4 98:41 49.8 ± 10.9 months Rate not given 
(56.1% 
achieved 
preoperatively 
expected 
activeness)

N/S WOMAC

Same Level: 
44.6%

SF-12

Higher Level: 
20.8%

Lower Level: 
33%

Yim et al. [38] HTO vs. UKA 58.3 ± 5.4 vs. 
60.3 ± 4.5

7:51 vs. 2:48 3.6 ± 0.4 vs. 
3.7 ± 0.4 years

78.0% vs. 
71.4%

N/S Lysholm
Tegner

Faschingbauer 
et al. [21]

HTO 42 ± 11.2 32:11 22 ± 9.3 months 92.3% N/S Lysholm
Tegner
Naal Sports and 

Activity
SF-36
VAS

Bastard et al. 
[31]

HTO 55.6 6:24 1.3 years 100% N/S Tegner
Same level: 

73.3%
Higher level: 

23.3%
Lower level: 

3.4%
Lysholm
SF-36
IKDC

Kim et al. [15] HTO vs. UKA 56.1 ± 6.2 vs. 
63.6 ± 5.5

6:43 vs. 7:35 Minimum 
24 months

75.0% vs. 
94.1% (Of the 
patients who 
participated 
in sports 
preoperatively 
(81.3%))

Mean change 
from preop-
erative condi-
tion: postop 
24 months: 
1.5 vs. 2.1

Tegner
Lysholm
VAS
WOMAC
UCLA

Our study 
(2019)

HTO vs. UKA 49.3 ± 3.9 vs. 
50.8 ± 4.4

28:22 vs. 34:16 3.1 ± 1.6 vs. 
3.3 ± 1.8 years

Return to 
impact activi-
ties 62 vs. 
28%

Mean change 
from preop-
erative condi-
tion: postop 
24 months: 
1.5 vs. 0.3

UCLA
KOOS
KSS



level of sport activity, but also the differences in score used, 
complicated the comparison between the studies.

Kim et al. [15] reported a higher (75.0% vs 94.1%) and 
quicker (8.4 vs 3.8 months) rate of return to sports activity 
in favor of UKA patients compared to HTO. The authors 
attributed this better outcome in the UKA group due to the 
ability of the procedure to remove the nociceptive stimulus 
from the medial compartment which was not possible in 
the joint preserving procedure of the HTO. The reason for 
the difference in the findings compared to this study lies 
probably in a less active population of patient in Kim et al., 
study. Indeed, nearly 20% of the patients in the study by 
Kim et al. [15] did not participate in any sporting activ-
ity in the pre-arthritis period and the mean pre-operative 
UCLA score for the HTO group was approximately 4 (6.9 
in the present study) and 3 (6.8 in the present study) for the 
UKA group. Also, authors in the study of Kim et al., stated 
that most patients followed their recommendations to avoid 
high-impact sports activities after the operation, which could 
negatively impact their results.

The findings in the present study are in accordance with 
the paper of Bastard et al. [31] who observed that all of their 
30 patients treated with HTO returned to sports at 1 year 
with 7 (23.3%) of them returning at a higher level than 
before the procedure. A systematic review by Ekhtiari et al. 
[34] reported similar findings regarding HTO procedure that
85% of the 216 patients returning to a level of sport similar
or better than pre-operatively.

A recent study [35] indicated that sustained sports partici-
pation in the year before surgery is one of the most important 
prognostic factors for returning to sports after HTO. This 
was the case in this study as all patients returned to sports 
whatever the level of impact in both groups. However, at 
2 years of follow up 62% of HTO patients and only 28% in 
the UKA group were still involved in impact activities. Stud-
ies have observed this shift from high to low impact activity 
level after UKA or HTO [17, 18, 23], potentially influenced 
by a variety of factors like physical and mental conditioning, 
patient motivation, pain or surgeon’s advice.

Comparing the UCLA scores, the HTO group improved 
their scores to almost the pre-arthritis levels (pre-arthritis 
9.2 ± 0.1 to postoperative 8.4 ± 0.2), whereas there was a 
drop in the UCLA scores compared to pre-arthritis values 
for the UKA group (9.4 ± 0.1 to 6.5 ± 0.2).

These results suggest that in addition to the lower rate of 
patient practicing an impact sport after UKA compared to 
those after HTO, the level of sport intensity is also lower 
after UKA than after HTO. This also suggests that operating 
the impact sport patients at an earlier stage of osteoarthri-
tis with HTO gives them a better chance to recover a sport 
level similar or close to the one they had before the onset 
of arthritis.

KOOS sports score improvement was significantly better 
for the HTO group and age at the time of surgery was found 
to be an important factor influencing the improvement in all 
patients. The KSS score was significantly better for the HTO 
group at 2 years, different from the findings of Cho et al. [36] 
who reported better outcomes for the UKA group or those 
of Takeuchi et al. [37] who found no difference between 
HTO and UKA groups. This difference can be explained 
by an older population of patient (mean age 67 years old 
for the HTO group and 77 years old for the UKA group) 
and the absence of inclusion criteria related to the level of 
sports activity.

There are several limitations in the present study that 
must be appreciated when interpreting these findings. Firstly, 
data collection was done in a retrospective manner, but 
despite this, matched groups for both treatment modalities 
were created. The groups were carefully matched for demo-
graphic parameters (age and gender). Due to the matching 
process for age, a substantial number of younger patients 
who underwent an HTO were excluded to avoid bias out-
come against the UKA group.

Secondly, despite the small size sample, in both groups 
the power calculation was based on the pB set at 0.8 to mini-
mize the type II error. The follow up was set at 2 years as the 
purpose of the study was only to evaluate the ability to return 
to impact sports after UKA or HTO surgery.

Thirdly, this is a two surgeons series and there might be 
an element of bias due to the post-operative regimen and 
advice. However, the post-operative protocols were similar 
between the surgeons and there was no restriction on the 
patients to go back to impact activities postoperatively either 
after UKA or HTO.

Fourth, these results cannot be generalized for all cases 
of sports patients with unicompartmental OA. HTO does 
not solve the problem of severe cartilage diseases (Ahlbäck 
grade > 3) and in this situation the use of a UKA represents 
the only surgical therapeutic solution. To build compara-
ble groups in term of preoperative degenerative changes, 
patients suffering from early and end stages of arthritis 
were excluded from the final analyses, having those patients 
included would have created important recruitment bias with 
more affected joints in the UKA than in HTO group.

Finally, while the most common reason for knee surgery 
in osteoarthritic patients was improved functioning [38], this 
study did not evaluate specifically patient’s expectation con-
cerning the return to the same level of sport. But this is the 
only study in the literature that focuses on an active popula-
tion of patients practicing an impact sport before the onset of 
osteoarthritis symptoms. The relatively short time between 
surgery and the onset of symptoms (15 ± 8 [10–28] months 
for HTO and 19 ± 9 [9–27] months for UKA group) suggests 
that these patients wanted to return to an equivalent function.



Despite these limits, the results of this study confirm the 
superior results of HTO compared to UKA in patients prac-
ticing impact sports before the onset of arthritic symptoms 
according to the indications of the two procedures. These 
results also suggest that operating the high impact sport 
patients at an earlier stage of osteoarthritis with HTO gives 
them a better chance to recover a sport level similar or close 
to the one they had before the onset of arthritis.

Conclusion

HTO offers statistically significant quicker return to sport 
activities and previous professional activities with a higher 
rate of patients able to practice impact activity (62% for 
HTO vs 28% for UKA) and better sports related functional 
scores at two years after surgery compared to UKA.
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