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Abstract
Purpose High tibial osteotomy (HTO) is a commonly used
treatment to correct varus malalignment of the knee. The pur-
pose of this study was, first, to determine, whether HTO al-
lows return to pre-operative work, depending on the amount
of work load. Second, the restoration of sports ability and a
difference in sports activities pre- to postoperative should be
analyzed.
Methods and patients Fifty-one patients were included in
this study. Patients were divided into three groups depen-
dent on work intensity. Sporting activity was evaluated by
an activity score (Naal). Clinical examination includes
Tegner-score, Lysholm-score and visual analog pain scale.
General health was assessed using the 36-Item Short Form
Survey questionnaire.
Results On an average of 16.7±15.6 weeks after surgery
patients returned to work, and 93.8 % of the patients
returned to pre-operative work load. The Tegner activity
score did not show significant changes pre- and postoper-
atively. At the time of survey Lysholm score reached a
value of 68.7±23.9 points on average. Postoperatively,
patients remarked on decreased pain by VAS by an aver-
age of 2.6±2.3 points.
Conclusions In total, 92.3 % returned to pre-operative sports
activities after surgery. A shift away from high impact activi-
ties to lower impact activities, a significant decrease of the
duration of sports activities and number of sports disciplines
was detected. In summary, HTO allows the young, active
patient with medial osteoarthritis of the knee to return to work
with the same work intensity and to return to sports.

Keywords High tibial osteotomy . Return to work . Return to
sports activities .Work load .Work incapacity . Sport function

Introduction

High tibial osteotomy (HTO) is a commonly used treatment to
correct varus malalignment of the knee in patients with medial
compartment osteoarthritis [1, 2].

With the development of new osteotomy techniques and
fixation methods, an increasing interest in osteotomies has
been noted over the past decade [2–9]. The open-wedge
HTO and fixation with a plate fixator allow precise correction
and high primary stability of the osteotomy.

In literature, advantages of the open-wedge technique com-
pared with the closed-wedge technique have been described
[10, 11]. The open-wedge technique avoids the risk of pero-
neal nerve damage and detachment of the tibialis anterior
muscle [12].

HTO is typically indicated for patients that are still ac-
tive in sports and work [13]. Most of these patients are
employed at the time of treatment. Therefore, important
goals of treatment for these patients are not only symptom
and pain relief but also prompt return to pre-operative work
and sports activities. Although there are many clinical out-
come studies that describe the results after HTO [14–24],
there are only few published studies assessing the patients’
possibility to return to pre-operative work and sports activ-
ities after HTO [25, 26]. Incapacity to promptly return to
work can be a considerable problem, particularly for pa-
tients with high work load.

The purpose of this study was, first, to determine whether
HTO allows return to pre-operative work, depending on the
amount of work load. Second, we aimed to analyse the recov-
ery of the ability to perform sports and whether there was a
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difference in sports performance pre- and postoperatively (du-
ration, sessions per week, different sports activities).

Materials and methods

Patients

This study was approved by the ethics committee of our insti-
tution. Between 2009 and 2011, 104 HTOs were performed at
our department. Of these, 51 consecutive HTOs for
unicompartmental varus OA were performed by one senior
surgeon. After a postoperative average of 22±9.3 months,
all patients were contacted by postal questionnaires for the
assessment of pre- and postoperative engagement in sports
and work. Patients were asked to complete a ‘return to work’
questionnaire (telephone assistance was provided if required).
Sports and recreational activity were assessed by the Lysholm
[27] and Tegner scores, as well as the Naal ‘sports and activity
score’ [28, 29]. The state of general health of our patients was
assessed using 36-Item Short Form Survey by RAND® [30].
Forty-eight patients returned the questionnaire, five of which
were not complete and were not used. Therefore, 43 question-
naires were considered for evaluation (84.3 %).

Contraindications for HTO included obesity [body mass
index (BMI) <35], International Cartilage Repair Society
(ICRS) grade III or IV degenerative changes of the lateral
femoral cartilage [31], loss of the lateral meniscus, extension
deficit >15° and severe ligamentous deficiencies.

The degree of varus malalignment was assessed on pre-
operative long-leg weight-bearing hip–knee–ankle
radiographs.

Return to work questionnaire

The return to work questionnaire allowed the classification of
patients into three different groups depending on work
intensity.

Group I: Patients with high work intensity (lifting and
wearing of a burden greater than 15 kg, climbing
stairs or ladders with load, work in constrained
postures like shovelling or digging).

Group II: Patients with moderate work intensity, lifting and
wearing of a burden of 10–15 kg.

Group III: Patients with low work intensity, working in a
sitting position, handling light work objects,
walking or standing.

Patients were asked about the timing of the postoperative
return, regarding return to work, if work itself was the same
pre- and postoperatively, if the same working activities were
performed, toleration of partial weight bearing and the time

when they no longer required the assistance of crutches. In
addition, the visual analogue scale of pain was included in the
work questionnaire and the use of analgesic medication during
work or sports was noted.

Patient satisfaction with the procedure was also recorded.
The final clinical outcome was rated by them as very satisfied
(knee function much exceeded their pre-operative status), sat-
isfied (knee function improved), partially satisfied (knee func-
tion improved) and not satisfied (knee function same as pre-
operative status).

Sports and activity questionnaire

The sports and activity score by Naal et al. [28, 29] investi-
gated pre- and postoperative engagement in 20 different sports
activities. Pre-operative sports engagement was defined as
participation in sports before the onset of restricting symp-
toms. The score included sports frequency and duration of
sport activities (length per session). Patients were asked re-
garding the timing of their return to postoperative work and
sports activities.

The state of knee function and activity as well as knee pain
of our patients was assessed at the time of survey using the
long-term approved and validated scores by Lysholm [27],
Tegner and the visual analogue scale (VAS).

36-Item Short Form Survey

The state of general health of our patients was assessed using
the 36-Item Short Form Survey [30]. The 36-Item Short Form
Survey asks for the patients’ self-assessment in eight different
domains that describe health-related quality of life (physical
functioning, physical role, bodily pain, general health, vitality,
social functioning, emotional role and mental health).

Clinical data

At the date of surgery, clinical data, such as BMI and age at
surgery, were collected. During surgery (standardised arthros-
copy of the knee before starting HTO) grade of cartilage injury
according to the International Cartilage Repair Society ICRS
[31] in each compartment (medial, lateral and retropatellar)
was recorded. The definite degree of valgus correction was
measured on pre- and postoperative long-leg knee radiographs
according to Miniaci [4, 7].

Operative technique

Before HTO, an arthroscopy of each knee was performed to
evaluate the grade of cartilage injury in the medial and lateral
compartments of the knee joint. Osteotomy was not per-
formed in patients with ICRS grades III or IV degenerative
changes of the lateral femoral cartilage.
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The medial open-wedge osteotomy was performed as de-
scribed by Staubli and Lobenhoffer [32–34] in a biplanar fash-
ion. To avoid change of the posterior tibial slope, the spreader
to expand the osteotomy was dorsally placed and the leg was
positioned in full extension. The anterior opening-gap was
maintained at half the size of the posterior gap [35]. In addi-
tion, the superficial medial collateral ligament was released to
allow the transfer of the load to the lateral compartment [4, 7].

The postoperative Mikulicz Line was set to the Fujisawa
point, which represents 62 % of the width of the tibial plateau,
measured from the medial cortex [4, 7]. The osteotomy was
fixed with a plate fixator (Tomofix, Synthes, Switzerland). No
graft was used to fill the medial gap of the osteotomy (Fig. 1).

Partial weight bearing (20 kg) using crutches was allowed
for the first two postoperative weeks. Weight bearing was
swiftly increased from week 2 until full weight bearing was
achieved. Daily physiotherapy with active and passive flexion
and extension exercises of the knee was recommended.

Statistical analysis

Statistical analysis was performed using the software package
SPSS (SPSS, IBM Corporation, Armonk, NY, USA).
Statistical tests such as Kruskal–Wallis test, t-test and

Pearson Correlation test were used. The significance level
was defined at p<0.05 for all tests.

Results

Demographics

The average postoperative follow-up was 22±9.3 months.
Mean age of the patients was 42±11.2 years; there were 32
men (74.4 %) and 11 women (25.6 %). Mean BMI was 26.9±
3.6 kg/m [3], with a high correlation between BMI and
retropatellar osteoarthritis (r=0.560, p=0.001). Mean valgus
correction was 8.6°±2.4° (groups I, II and III were 7.9°±1.9°,
9.8°±2.5° and 8.4°±2.5°, respectively). Mean medial osteo-
arthritis of the knee was 3.1 (range, 1–4; groups I, II and III
were 3.1, 2.8 and 3.2, respectively; no statistical difference
between each group), osteoarthritis of the lateral compartment
was mean 0.28 (range, 0–1; groups I, II and III were 0.4, 0.2
and 0.2, respectively; no statistical difference) and
retropatellar osteoarthritis was median 1.2 (range, 0–4; there
was no statistical difference between each group) (Table 1)
[31].

The underlying diagnosis was medial osteoarthritis in 37
cases and osteonecrosis of the femoral condyle in six cases.

Concomitant side-procedures were performed in 13 cases
(six osteochondral autologous transplantations, four partial
meniscectomies and three procedures for microfractures of
the medial femoral condyle). In group I, only one patient
underwent a side procedure (osteochondral autologous trans-
plantation), two patients underwent a side procedure in group
II (osteochondral autologous transplantation, partial

Fig. 1 Pre- (a and b) and post (e and f) operative radiographs showing an
initiating narrowed medial joint-line and a Mikulicz line through the
medial compartment pre-operatively (c). Postoperatively, the Mikulicz
line overlies the Fujisawa point (d). The open-wedge osteotomy was
fixed by a plate fixator (Tomofix)

Table 1 Study data overview

Measure Overall Men Women

Patients (n) 43 32 11

Age at OP (years) 42 41.8 42.4

Follow up (months) 21.9 22.1 21.5

BMI 26.9 26.8 27.2

Before surgery

Osteoarthritis medial [8] 3.1 3.1 3.1

Osteoarthritis lateral [8] 0.3 0.3 0.2

Osteoarthritis retropat [8] 1.2 1.2 1.3

During surgery

Valgus correction (degrees) 8.6 9.1 7.5

After surgery

Lysholm 68.7 70.7 64.6

Tegner 3.7 3.8 3.1

VAS 2.6 2.4 3.4

BMI body mass index, VAS visual analogue scale
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meniscectomy) and all other side procedures were performed
in group III.

Return to work questionnaire

Patients returned to work at 16.7±15.6 weeks on average
postoperatively. Group III (n=15), with the lowest work in-
tensity, was able to work after 11.8±7.8 weeks, group II (n=
12) after 20±17.8 weeks and group I (n=13), with the highest
work intensity, was able to return to work after 19.1±
9.1 weeks; however, these differences were not statistically
significant (p=0.325) (Fig. 2). Three patients did not work
postoperatively (6.25 %). There were no pre- and postopera-
tive changes among groups. However, one patient in group I,
three in group II and two in group III referred small differences
in their job activities postoperatively, but remained in each
work intensity group.

Patients in group I (mean 6.9±3.1 weeks postoperatively)
walked without crutches earlier than those in group II (mean
8.9±3.4 weeks postoperatively) and group III (mean 10.9±
5.7 weeks postoperatively); however, these associations were
weakly correlated (r=0.325, p=0.043). In addition, there was
a weak correlation between cessation of partial weight bearing
and work intensity (r=0.313, p=0.049); group I operated with
full weight bearing after 6.5±2.7 week, group II after 8.7±
4.5 weeks and group III after 10.2±6.4 weeks.

At the time of the postoperative survey for sports or work-
ing activities, analgesic medication was necessary in group I
in 23.1 % occasionally and in 15.4 % continuously, in group
III in 25 % occasionally and in 8.3 % continuously and in
group III in 20 % occasionally; however, these differences
were not statistically significant (correlation: r=0.231, p=
0.156).

In group I, 53.9 % of patients completed rehabilitation after
surgery, in group II, 75 % and in group III, 80 %. At the time

of the survey, 16.3 % of patients still required physiotherapy
and there was no significant difference in each group.

Sports and activity questionnaire (Naal score)

After surgery, 36 (26 men, ten women) of 43 patients (83.7 %)
were active in at least one sports activity compared with 39 of
43 patients (90.7 %) pre-operatively, yielding a return to sport
rate of 92.3 %. None of the patients who had been inactive
before surgery undertook new postoperative activities.

Patients were active in an average of 4.0±1.1 different
sports disciplines pre-operatively, but after surgery, only 2.8
±1.6 different sports disciplines were performed per patient
with a significance of p<0.005. Men were engaged in an
average of 4.1±1.1 sports disciplines pre- and 3.0±1.8 post-
operatively (p<0.005), women in an average of 3.9±1.4
sports disciplines pre-operatively and 2.2±1.0 post-
operatively (p<0.005).

Concerning sports disciplines (Table 2), patient participa-
tion in high impact activities (ball games, jogging, tennis) was
significantly decreased (ball games −81.8 %, p=0.002; tennis
−45.5 %, p=0.422; jogging −50%, p=0.254). Participation in
low impact activities like swimming (−6%, p=0.822), cycling
(−25 %, p=0.002) and hiking (−17 %, p=0.499) presented a
lower decrease. Only weight and fitness training activities
were increased (+27.3 %, p=0.571).

The overall sports frequency (sessions per week) did not
significantly change pre- and postoperatively [2.14±0.67 and
1.8±1.24 times per week, respectively (p=0.152)]. There was
a decrease of sports frequency performed twice and four times
a week and a slight increase in sport activities once a week.
There were no specific sex-related differences concerning the
decrease of sports frequency. The session length of each sports
activity averaged at 82±29.5minutes pre-operatively and 64±
45.3 minutes postoperatively.
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Fig. 2 The results in each group,
depending on work load and
intensity: return to work (weeks),
using crutches (weeks) and
performing partial weight bearing
(weeks)
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Clinical outcome

Fourteen patients indicated that they were very satisfied with
the surgical procedure, four patients were satisfied and three
were partially satisfied.

At the time of the survey no significant difference was
shown in seven of eight items concerning SF-36; only phys-
ical functioning significantly decreased after surgery to the
matched reference population (men, 76.6 versus 88.2; women,
69 versus 82.8) [36] (Fig. 3).

The Tegner activity score did not show significant changes
pre- and postoperatively (pre-operatively: mean 3.78±1.9;
post-operatively: mean 3.7±1.4). At the time of survey, the
Lysholm score resulted in an average of 68.7±23.9 points.

Postoperatively, patients referred a remarkable decrease in
pain by VAS with an average of 2.6±2.3 points.

Discussion

The most important finding of the present study was the cor-
relation between work load and time needed to return to work
after HTO.

Schröter et al. [25] reported a mean work incapacity of
87 days (12.4 weeks). Hoell et al. [36] reported a mean dura-
tion of work incapacity of 13.9 weeks after HTO and that
9.4 % of the patients could not work at the same work load
level postoperatively. These studies showed a shorter time of
work incapacity in comparison with the present study (16.7±
15.6 weeks). There was a relationship between work load and
time needed to return to work after HTO but no significance
was found. Workers with the highest work load were able to
return to work after 19.1±9.1 weeks, while those with the
lowest work load returned after 11.8±7.8 weeks. The relation-
ship between work load and work incapacity presented in this
study is not surprising. In particular nowadays, it is important
to reduce the duration of work incapacity after surgery.

Following the early full weight bearing protocol by
Lobenhoffer et al. [37] and Brinkman et al. [38], full weight
bearing was allowed after wound healing (after 12–14 days
postoperatively). However, complete weight bearing was
achieved after 6.5 weeks (group I) and 10.2 weeks (group
III), which indicates an inversely proportional relationship to
work incapacity after surgery in each group.

The second important finding was that 92.3 % of all pa-
tients returned to sport postoperatively after HTO [4, 5, 39].
The participation in sports activities decreased approximately
7 % (from 90.7 to 83.7 %) postoperatively, which indicates a
return to a sports level of 92 %. Recent studies show similar
findings—Salzmann et al. [26] found a postoperative engage-
ment in sport activities of 90 %, Saragaglia et al. [40] detected
a Breturn to sport^-level of 85.5 %—and these data reflect our

Table 2 Top 10 activities by percentage in which patients (N=43)
participated before and after high tibial osteotomy

Activity Before After Difference

Cycling 76.7 58.4 −24.3
Hiking 44.2 37.2 −15.6
Swimming 41.9 39.5 −5.6
Fitness 18.6 23.3 27.3

Downhill skiing 23.3 11.6 −50
Nordic walking 18.6 14 −25
Jogging 18.6 9.3 −50
Soccer 18.6 4.7 −75
Gymnastics 11.6 9.3 −20
Inline skating 14 4.7 −66.7

Fig. 3 36-Item Short Form Survey results of our patients at the time of the
survey, classified by sex. The patients (men=32, women=11) scored almost
equal to the reference group [2]. A significantly higher score was detected in
the women’s group for ‘role physical’ and ‘role emotional’. A significantly
lower score was detected in ‘physical functioning’ in both groups
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findings. Conversely, we found a shift away from high impact
activities to lower impact activities. Bonnin et al. [41] showed
a return to a higher activity level of 20.8 % and a return to an
equal activity level of 44.6 %. In addition, we found a signif-
icant decrease of the duration of sports activities and number
of sports disciplines after surgery. Overall sports frequency
also slightly decreased but this was not significant. Reasons
for the observed decreased activity in high impact sports ac-
tivities may be that patients are advised to be physically active
in general, while excessive participation in impact sports like
soccer or tennis is not recommended. Naal et al. [29] reported
a similar decrease of sport activities and a shift away from
high-impact sports activities after unicompartmental knee
arthroplasty.

Saragaglia et al. [40] reported about no significant changes
of the frequency of sports sessions per week (2.36 versus
2.13), which is comparable to our data (2.14 versus 1.8). But
Saragaglia et al. [44] described a decrease of overall length of
sessions, which was also found within our data (82 versus
64 minutes).

In the present study, HTO led to decreased overall pain
level (VAS postoperatively 2.6±2.3), and thereby the func-
tionality, represented by the Lysholm score, increased. The
Lysholm score was 68.7 (±23.9) points postoperatively. In
comparison, earlier studies showed a higher postoperative
Lysholm score (from 73 [42] to 85.5 points [25]). Niemeyer
et al. [43] showed an increase of the Lysholm score from 54.3
±20.8 points to 79.1 points 36 months after open-wedge HTO
without bone graft using the TomoFix plate for fixation. Kolb
et al. [39] used the TomoFix plate without bone graft and
observed a Lysholm score of 83 points after 12 months.

However, the question of why patients with reduced knee
pain and improved knee function did not increase their sport-
ing activity remains. It may be that patients are more cautious
with their knees after accepting the fact that their knees have
irreparable defects. Hence potentially harmful activities may
be avoided.

The satisfaction rate (satisfied or very satisfied with the
intervention) for patients’ expectations in our study reached
72.1 % (very satisfied 39.5 %, satisfied 32.6 %). Nagel et al.
[44] reported a satisfaction rate of 82 %, Bonnin et al. of 56 %
[7] in 2004 and 77.7 % (40.3 % very satisfied, 37.4 % satis-
fied) in 2013 [41].

The median Tegner score did not show any pre- or postop-
erative improvement (3.8 versus 3.7). Other studies reported a
Tegner score between 3.8 and 4.3 points [36, 42].

We have no pre-operative data of 36-Item Short Form
Survey, but comparison of the postoperative data with those
of a matched reference population shows that only physical
functioning showed a significant postoperative decrease [30].
Bonnin et al. [41] showed a postoperative SF-12 of 53.6 for
the physical score and 44.5 for the mental score. In the present
study, a physical functioning score of 72 was obtained.

There were a total of 13 surgical side procedures (not
more than one in each patient) performed within the same
operative setting as HTO. However, we found no signifi-
cant difference in outcomes between singular HTO and
HTO with an additional surgical procedure. Thus, side pro-
cedures allow surgeons to address other articular or patho-
logic cartilage changes at the time of HTO without fear of
affecting the results.

We used in our cohort a fixed plate with no graft at the
medial gap. If the gap is bigger than 1 cm we favour an
interposition of an iliac crest bone graft [45]. An internal
fixation (BPuddu^-plate [46]) shows a higher implant fail-
ure (up to 6 %), especially when the medial gap is more
than 1 cm, obese patients and osteoporotic bone conditions
[47]. Maffulli et al. [48] show the possibility of a signifi-
cant loss of correction at mid-term follow up using a non-
locking Puddu-plate.

The postoperative Mikulicz line was set to the Fujisawa
point, which represents 62 % of the width of the tibial
plateau [4, 7]. Recent studies [49] have focused on a var-
iation of the Fujisawa point. So Feucht et al. [49] propose
an individual approach with a weight-bearing line of 50–
65 % depending on patient clinical characteristics. This
individualisation of the weight-bearing line has to be
proved in further studies.

This study had several limitations. First, it was a retro-
spective investigation. Second, it involved only a postal
questionnaire. No postoperative clinical examination was
performed. Third, the short-term nature of the study did not
allow us to draw conclusions concerning the relationship
between continued sporting activities and the progression
of knee OA or the need for change in work activities after
HTO.

Conclusion

We demonstrated that after HTO, all patients returned to
work with approximately the same work intensity. None of
the patients underwent an occupational re-training, and
none sufficiently reduced the work load to transition into
a different work intensity group (see above). A longer
follow-up is needed to detect possible changes of work
activities in the future.

In total, 92 % of the patients who underwent HTO returned
to sports activities, although they reduced the frequency, du-
ration and quantity of sports disciplines compared with pre-
operative levels. There was a shift of sports disciplines from
high impact activities such as football, tennis and ball sports to
swimming and cycling.

Clinical scores of Lysholm, Tegner, VAS and patients sat-
isfaction were equal or increased but did not reach previously
reported levels.
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Therefore, HTO can be considered a clinically successful
procedure that allows the working and active patient with
early stage OA of the knee to return to work at equal work
intensity and promptly return to sports activities.
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