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3° on mechanical axis and 4 % of mechanical axis on tibial 
plateau.
Conclusions The use of a MDEF to perform an OW-
HTO showed a good maintenance of correction achieved 
with satisfactory midterm outcome results in all patients 
but three who underwent total knee replacement. The only 
severe post-operative complication was one case of non-
union in a heavy smoker.
Level of evidence Prospective and therapeutic study, 
Level IV.

Keywords Knee · High tibial osteotomy · External 
fixator · Osteoarthritis · Opening wedge · Hemicallotasis

Introduction

In the young and active adult with mild medial knee oste-
oarthritis (OA), a high tibial osteotomy (HTO) has been 
described as a good therapeutic option [1, 2].

Several different techniques have been proposed over the 
past decades to perform a HTO. Initially, in the early 1960 
the deformity correction was achieved using a lateral clos-
ing wedge or a dome osteotomy [3]. However, a high rate 
of complications such as patella baja, tibial slope inversion 
and lateralization of proximal tibial epiphysis was reported 
[4–7].

The medial opening wedge HTO (OW-HTO) was first 
described in 1951 by Debeyre [8] and has become more 
popular recently in the effort to the decrease post-operative 
complications [9–11]. Specific instrumentations [12, 13] 
and fixation devices [14–16] have been introduced. The use 
of external fixation [13, 17–22] was also advocated to fur-
ther reduce complications and disadvantages usually asso-
ciated with the use of internal fixation devices. The use of 

Abstract 
Purpose To prospectively assess midterm results in 37 
patients (41 knees) who were treated with opening wedge 
high tibial osteotomy (OW-HTO) with the use of a mono-
axial dynamic external fixator (MDEF) for medial knee 
osteoarthritis.
Methods Clinical and subjective evaluations were per-
formed using the IKDC and KOOS evaluation forms and 
the modified Knee Society Clinical Rating System (KSS). 
Pin tract infections were evaluated according to Checketts–
Otterburns classification. Radiographic evaluation included 
long-standing AP lower limb, standard lateral, Rosenberg 
and Merchant views.
Results Thirty-six patients (40 knees) were evaluated at 
a mean follow-up period of 7 years. Ten patients (25 %) 
developed a minor pin tract infection. Subjective KOOS 
and IKDC scores showed statistically significant improve-
ment. Clinical evaluation with IKDC and KSS forms 
showed no patient with instability or a range-of-motion 
deficit worst than pre-operatively. At MDEF removal, the 
mechanical axis was on average 4.5° valgus; anatomical 
axis 6.8° valgus; the Mikulicz’ line crossed the tibial pla-
teau on average at 64 % of the width of the tibial plateau 
measured from medial; the posterior slope 5°; the metaphy-
seal varus 4.3°; and the Insall/Salvati ratio 1.02. At latest 
follow-up, five patients had a loss of correction of 1°–2° on 
mechanical axis and one patient had a loss of correction of 
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an external fixator is also advocated in case of large cor-
rections. No bone graft has to be added to fill the gap. The 
incidence of patella baja is inferior compared with the other 
types of proximal tibial osteotomies [23]. No additional 
surgery is needed for hardware removal. Moreover, the 
most important advantage is that the degree of alignment 
correction can be set accurately on long-standing anter-
oposterior (AP) lower limb radiograph at fixed intervals, 
and in case of overcorrection, the wedge can be closed to 
the desired amount acting on the fixator. On the other hand, 
major concerns of this technique are pin tract infection and 
loss of correction.

Only a few studies investigated the maintenance of 
lower limb correction after OW-HTO [22, 24]. The purpose 
of this study was to evaluate the maintenance of limb cor-
rection and the outcome results at a longer follow-up of 
young and active adults with mild medial knee osteoarthri-
tis (OA). The authors hypothesis was that the alignment of 
the lower limb could be maintained following an OW-HTO 
performed with the use of a monoaxial dynamic external 
fixator (MDEF) allowing favourable midterm outcome 
results with a low rate incidence of complications such as 
pin tract infection.

Materials and methods

A case series of prospectively collected data are presented. 
From 1998 to 2007 at First Orthopaedic Clinic, University 
of Florence, we performed 41 OW-HTO using a MDEF to 
correct a varus knee deformity in 37 patients. Mean age at 
surgery was 38 years (SD ±49), there were 25 males (29 
knees) and 12 females (male-to-female ratio 2.4), the right 
knee was involved in 20 cases and the left in 21, dominant 
knee was involved in 24 cases and non-dominant knee in 
17 cases, and mean body mass index (BMI) was 26.7 (SD 
±4) kg/m2. Nineteen knees (17 patients) showed a primary 
medial OA. Seventeen knees (15 patients) underwent a pre-
vious arthroscopic medial meniscectomy between 1 and 
11 years before. In four patients, a previous tibial fracture 
had occurred. In one patient, a varus knee deformity was 
associated with a failed anterior cruciate ligament recon-
struction following an untreated associated lateral collateral 
ligament grade-2 lesion.

Surgical technique

All surgeries were performed under spinal anaesthesia by 
the senior author (P.A.) with patients in the supine posi-
tion using a tourniquet. A preliminary arthroscopy was per-
formed in only one patient with a symptomatic lesion of the 
medial meniscus which was partially resected. Surgery was 

fluoroscopy assisted in order to check correct pin insertion 
and guide wire position before the osteotomy.

First, the two proximal 6.5-mm pins were inserted from 
the medial aspect of the proximal tibia parallel to the tib-
ial plateau, on a coronal plane, about 1 cm distal from the 
joint line. Then the two distal 6.5-mm pins were inserted 
in the tibial diaphysis using the external fixator arm as a 
guide and after a preliminary bone drilling. Subsequently, 
the tibial osteotomy was performed through an anterome-
dial longitudinal skin incision centred on the pes anserinus. 
After opening the fascia and lifting the pes’ tendons, two 
curved retractors were positioned to protect the soft tissues 
beneath the posterior edge of the tibia and under the patel-
lar tendon, respectively. A Kirschner wire (K-wire) was 
inserted in an oblique fashion pointing to proximal tibio-
fibular joint starting about 5 cm below the joint line. The 
very distal part of the medial collateral ligament was tran-
sected, and the osteotomy was performed at first with an 
oscillating saw and then with osteotomes up to the lateral 
cortex. Attention was made to preserve the lateral hinge. 
The amount of deformity correction was tested with a bone 
spreader. Finally, the MDEF (ST.A.R. 90, Citieffe, Bolo-
gna, Italy in 28 cases and ExFix Orthofix, Verona, Italy in 
13 cases) was reassembled on the pins. At the end, oste-
otomy was left closed and standard wound closure in layers 
was performed on a suction drain.

Post‑operative care

Patients received Cefazolin 2 g IV 30 min before surgery 
and then 1 g IV every 6 h for 48 h. Pin tract care was per-
formed daily when in the hospital and then every second 
day at home. Eventual pin tract infections would be evalu-
ated and classified according to Checketts et al. [25] and 
treated empirically with Ciprofloxacin 500 mg PO every 
12 h until clinical resolution. Low-molecular-weight hep-
arin (LMWH) was administered once a day from the first 
post-operative day up to complete deambulation without 
crutches at prophylactic dosage.

All the patients were discharged in the second post-oper-
ative day. Wedge opening was started 6 days after surgery 
at a rate of 0.25 mm two times a day. Partial weight bear-
ing was allowed with crutches during the opening phase 
and then progressed to full weight bearing as tolerated dur-
ing consolidation phase. Patients were evaluated weekly 
at our outpatient clinic (Fig. 1). Clinical examination was 
performed with attention to pin tract aspect, knee range of 
motion and quadriceps strength. The amount of deformity 
correction was evaluated using long-standing anteroposte-
rior (AP) lower limb radiograph. A hypercorrection of the 
deformity was aimed, in order to achieve the mechanical 
axis of the lower extremity passing through the 64 % of the 
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tibial plateau width measured from medial side [26]. When 
this goal was achieved, we stopped the distraction and the 
MDEF was locked. The MDEF was left in place up to a 
plain radiograph confirmed the healing of the callus, on 
average twice the time occurred to achieve the desired cor-
rection, and was removed in an outpatient setting. Once the 
MDEF was removed, all the patients were encouraged to 
gradually return to their usual daily activities. All patients 
were evaluated again at one, three and six months after 
MDEF removal and then yearly (Fig. 2).

Subjective evaluation was performed using the knee 
osteoarthritis outcome score (KOOS) form [27]. Clinical 

examination was performed using the International Knee 
Documentation Committee (IKDC) clinical evaluation 
form [28] and the modified Knee Society Clinical Rating 
System (KSS) [29].

Radiographic evaluation included long-standing AP 
lower limb, standard lateral, Rosenberg [30] and Merchant 
[31] views. Anatomical and mechanical axis, the position 
of weight-bearing line, also known as Mikulicz’ line (cen-
tre of the femoral head to the centre of the tibio-talar joint) 
at the knee, tibial metaphyseal varus angle (MVA), medial 
proximal tibial angle (MPTA) and lateral distal femoral 
angle (LDFA) were calculated on long-standing AP view. 
Tibial slope angle referred to both anterior (Moore–Har-
vey’s method [32]) and posterior cortices [33, 34] and 
patellar height using the Insall/Salvati ratio [35] and Caton 
index [36] were assessed on standard lateral view. Degen-
erative changes were recorded on long-standing AP and 
Rosenberg views according to the classification systems of 
Kellegren and Lawrence’s [37] and Ahlback’s [38]. Patel-
lar position (centred, subluxated or dislocated, and tilted) 
was evaluated on Merchant view. All radiographic meas-
urements were done by 2 independent observers (N.M. and 
M.L.) and twice by each of them in a casual fashion, and 
accepted measures were considered to be the mean values.

No local Bioethical Committee approval for such clini-
cal study was deemed at AOU Careggi, and all patients 
gave their written informed consent to the procedure and to 
the follow-ups.

Statistical analysis

Student’s t test was used for continuous data (subjective 
and radiographic angular measurements), and the Wilcox-
on’s signed rank sum test was used for the assessment of 
the progression of OA. Sample size included 41 knees in 37 
patients. Statistical significance was set at p < 0.05. Inter- 
and intraobserver reproducibility was assessed by intraclass 
correlation coefficient (ICC) test.

Fig. 1  Outpatient clinical control was performed weekly, X-ray con-
trol (long-standing AP) as needed when clinical correction was likely

Fig. 2  Serial X-ray controls of the same patient in Fig. 1 at 3, 5, 13 and 26 weeks after surgery, respectively
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Results

Thirty-six patients (40 knees) were evaluated at a mean 
follow-up period of 7.2 years (SD ±2). One patient died 
of unrelated causes 6 months after surgery and was not 
included in the study. Distraction started 7 days after 
surgery, final correction was obtained on average after 
23.7 days (SD ±46) days, and MDEF was removed after 
further 47.4 (SD ±15) days. None of the patient mentioned 
any particular problem in having a MDEF, and all were 
able to walk without difficulty with one or two crutches.

Two patients (5 %) developed distal a DVTs, so LMWH 
dosage was adjusted to therapeutic values. At one month, 
the duplex control showed regression of DVT in both cases. 
Ten patients (25 %) developed minor pin tract infection, of 
which six (15 %) were classified as grade I and four (10 %) 
were classified as grade II. All cases solved with better pin 
tract care and oral antibiotics.

Only one major complication in this series was recorded: 
a patient developed a non-union of the wedge-callus. She 
was a 43-year-old lady with primary mild varus knee OA 
(mechanical axis 11° varus); her BMI was 21, and surgery 
and post-operative course were unremarkable. Correction 
was achieved in 20 days with 3° valgus alignment. MDEF 
was removed up to 95 days from surgery due to delayed 
callus ossification. After 3 months, patient was back with 
medial knee pain and a recurrence of varus deformity. 
X-rays and MRI showed incomplete ossification of the cal-
lus wedge with 2° varus alignment (Fig. 3). At this time, 
she admitted to be a heavy cigarette smoker, which she 
denied at first history collection. At revision surger, the 
osteotomy was stable. The wedge was grafted with autolo-
gous bone chips from iliac crest after debriding non-union 
fibrous tissue at the osteotomy site without correcting the 
deformity or adding further plate fixation as the patient 
denied. The osteotomy finally healed in 3 months.

At latest follow-up, all patients but three were satisfied 
with surgery (92.5 %) (Table 1). No correlation was found 
between subjective and objective clinical results, BMI, age 
at surgery, pre-operative deformity and symptoms, and 
severity of OA.

Radiographic results showed a good maintenance of 
correction achieved on coronal plane and no significant 
variation in posterior slope and patellar height (Table 2). A 
precocious loss of correction (between MDEF removal and 
the follow-up at one or three months) was identified in four 
knees. In all of them, the correction loss was less than 3° on 
mechanical axis. No correlation was found between BMI, 
age, pre-op deformity, and length of MDEF treatment. At 
latest follow-up, loss of correction was identified in six 
knees (15 %) as varus relapse (0°–4°) and as progressed 
hypercorrection (7° valgus) in one knee (2.5 %). In case 
of varus, relapse as correlation was found if the corrected 
mechanical axis was less than 2° valgus (p < 0.05).

Fig. 3  Incomplete union of the wedge-callus in a female heavy smoker patient: a X-ray; b sagittal MRI; c coronal MRI

Table 1  KOOS and IKDC forms were employed to evaluate subjec-
tive results and patients’ satisfaction about their knee pre-operatively 
and at follow-up

* Statistical improvement with p < 0.05 (paired t test)

Pre-op (N = 37 
patients)

Follow-up (N = 36 
patients)

KOOS

 Pain 57 (37–92, S.D. ±17) 80 (47–100,S.D. ±15)*

 Symptoms 56 (30–79, S.D. ±13) 71 (36–100, S.D. ±16)*

 Activities of 
daily living

53 (30–85, S.D. ±17) 78 (57–100, S.D. ±11)*

 Sports activities 18 (0–35, S.D. ±18) 58 (5–100, S.D. ±24)*

 Quality of life 21 (0–36, S.D. ±14) 55 (25–100, S.D. ±22)*

IKDC

 Subjective 43 (15–63, S.D. ±28) 79 (32–98, S.D. ±24)*
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We attempted to evaluate proximal tibial MVA, but phy-
seal scar was not always identifiable. It was possible to 
identify the physeal scar and so to calculate the MVA in 
only 10 cases; in such small cohort of case, MVA changed 
from varus 2° to valgus 3°. The MPTA, on the contrary, is 
always easy and reliable to identify.

A medial OA progression was recorded in four cases 
(10 %) (Table 3). In four knees (10 %), the medial joint 
narrowing was evident on standing AP view, while in one 
case (2.5 %) on the Rosenberg view. A correlation was 
found between OA progression and the degree of pre-oper-
ative OA (p < 0.05). Three patients underwent total knee 
replacement at 4, 6 and 9 years after the osteotomy without 
complications.

ICC test was 0.61 or greater in all measurements show-
ing a substantial agreement according to Landis and Koch 
guidelines [39].

Discussion

The main findings of this investigation are that OW-HTO 
with MDEF for mild medial knee osteoarthritis showed 
a good maintenance of correction and only one case of 

major complication, a non-union in a heavy smoker. The 
pin tract infection was recorded in about one-fourth of 
the patients, but it was just superficial and easily resolved 
with oral antibiotics administration and a better pin tract 
care.

A high tibial osteotomy still remains the gold standard in 
the treatment of the mild knee osteoarthritis in a young and 
active adult population [1, 2, 4, 40]. Lateral closing wedge 
and dome-shape osteotomies showed a high complication 
rate and have been shown a progressive decline. OW-HTOs 
have shown some advantages such as restoration of bone 
stock, correction of deformity close to its site of origin and 
absence of a residual metaphyseal deformity, facilitating a 
subsequent arthroplasty [41, 42]. For the maintenance of 
the correction, this type of osteotomy can be performed 
either with the use of an internal fixation device, such a 
looking plate, or with a MDEF. The major concerns about 
the use of an external fixation device are the loss of cor-
rection after removal of the MDEF and pin tract infection. 
Immediate loss of correction is not an issue using internal 
fixation devices, but on the other hand these techniques do 
not permit to achieve large or complex multiplanar correc-
tions and to perform additional adjustments after surgery 
(“fine-tuning”), as MDFE does.

Table 2  Radiographic results showed maintenance of correction achieved on coronal plane and no significant variation in posterior slope and 
patellar height

VR varus, VL valgus, n.c. not calculated, n.s. not significant (paired t test)

Pre-op (N = 41 knees) Achieved correction  
(N = 41 knees)

MDEF removal (N = 40 
knees)

Follow-up (N = 40 knees)

Anatomical axis 3.4° (2°–6°, S.D. ±4) VR 6.6° (4°–8°, S.D. ±2) VL 6.8° (4°–8°, S.D. ±2) VL 6.1° (3°–10°, S.D. ±3) VL

Mechanical axis 8.4° (5°–12°, S.D. ±4) VR 4.2° (1°–7°, S.D. ±2) VL 4.5° (2°–7°, S.D. ±2) VL 4.4° (3°–7°, S.D. ±2) VL

Mech axis/tibial plateau (%) 53 % (51 –57 % S.D. ±16) 64 % (62 –66 % S.D. ±2) 64 % (62 –66 % S.D. ±2) 63 % (61 –66 % S.D. ±8)

Posterior slope 6° (2°–9°) n.c. 5° (1°–8°) 5° (1°–8°)n.s.

Metaphyseal varus angle 8.2° (5–11) 4.5° (2°–8°) 4.3° (2°–7°) 4° (2°–6°)

Insall/Salvati 1.08 (0.97–1.22 S.D. ±0.1) n.c. 1.02 (0.95–1.16 S.D. ±0.1) 1.03 (0.95–1.19 S.D. ±0)n.s.

Patellar height Caton 0.89 (0.75–0.96 S.D. ±0) n.c. 0.88 (0.74–0.96 S.D. ±0) 0.87 (0.73–0.95 S.D. ±0)n.s.

Table 3  Progression of OA was found in three knees on AP views and in four knees on Rosenberg view with both classification systems used 
(n.s.)

Kellegren–Lawrence Ahlback

AP Rosenberg AP Rosenberg

Pre-op (N = 41) FU (N = 40 Pre-op (N = 41) FU (N = 40) Pre-op (N = 41) FU (N = 40) Pre-op (N = 41) FU (N = 40)

Grade 0 0 0 0 0 0 0 0 0

Grade 1 12 11 7 5 13 11 15 13

Grade 2 16 15 15 16 15 16 12 12

Grade 3 2 4 8 8 2 3 3 5

Grade 4 0 0 0 1 0 0 0 0
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Myrnerts [43] and Odenbring et al. [7] achieved sat-
isfactory correction in only 55 % of cases, and Insall [2] 
described success in 79 % of cases, with internal fixation. 
More recently, Marti et al. [44] investigating the outcome 
results of medial OW-HTO with an internal fixation device 
were able to achieve the desired position of the mechanical 
axis in only 50 % of the patients. Using a MDEF, Bach-
hal et al. [24] reported a desired alignment in 84 % of the 
patients. In our series, four patients (10 %) had a loss of 
correction of 2°–4° on mechanical axis in the first 3 months 
after MDEF removal. Early loss of correction can be pos-
sible if the callus has not healed, and the proposed time to 
callus healing twice the time of distraction seems to be a 
reasonable interval. Nevertheless, we always wait for radio-
graphic appearance of healing with visible ossification. We 
could not find any correlation between loss of correction, 
degree of pre-operative deformity, length of MDEF mainte-
nance and age and BMI of the patient. Correlation between 
loss of correction and patient BMI has been shown at long-
term follow-up. Flecher et al. [45], at a mean follow-up of 
18 years, found age less than 50 years at surgery, BMI less 
than 25, post-operative valgus angle of 6° or more and pre-
operative Ahlback grade 1 OA to be protective factors of 
the outcome. Weale et al. [22] found that inadequate cor-
rection was caused by premature union of the osteotomy 
before complete correction and some loss of correction 
after removal of the fixator, but they did not report about 
any correlation with possible risk factor and survival of the 
osteotomy. In the current series, we had no cases of prema-
ture union of the osteotomy.

The other major concern about the use of external fixa-
tion is infection. If this complication occurs, it can neces-
sitate pin removal before correction and union have been 
achieved [42] and possibly jeopardize subsequent arthro-
plasty. Signs of infection develop very frequently using 
external fixation devices, from 5 to 58 % of patients [2], but 
up to 96 % of these infections are minor [20]. Magyar et al. 
[20] recorded pin site infections in 157 out of 308 patients 
(51 %) operated on of OW-HTO using external fixation for 
both varus and valgus knee mild OA; of these, 96 % were 
minor and responded to wound toilet and antibiotic treat-
ment. W-Dahl et al. [46] found no difference between daily 
and weekly pin site care. Weale et al. [22] registered 28 
knees out of 76 (36 %) with signs of minor pin tract infec-
tion requiring antimicrobial therapy and one case (1.5 %) 
of chronic osteomyelitis of proximal tibia 2 years after 
surgery. Bachhal et al. [24] reported pin tract infection in 
23 of 37 patients treated with either pin tract care and oral 
antibiotics and one sequestrum at the diaphyseal pin site 
which required curettage. In our series, 25 % of patients 
developed minor signs of infection (15 % grade I and 10 % 
grade II) which resolved promptly with better pin tract care 
and oral antibiotic therapy and none developed major signs 

or chronic osteomyelitis up to latest follow-up. Further-
more, the three patients, who later underwent TKA, healed 
without any complication.

At latest follow-up, all patients but three were satis-
fied with surgery, subjective KOOS and IKDC evaluation 
showed statistically significant improvement, and clinical 
evaluation with IKDC and KSS forms showed no patient 
with swelling, instability or a range-of-motion deficit worst 
than pre-operatively. These results are in line with similar 
cases series [1, 4, 23, 24, 44, 47, 48].

Previous studies on HTO have shown satisfactory results 
[1, 24, 26] but deterioration of subjective, clinical and radi-
ographic results over time. This may be the consequence of 
degenerative changes in all compartments of the knee with 
time lapse although it has been suggested that the osteoar-
thritic process can be arrested by the realignment [1, 49]. 
In our series, medial progression of OA was found in four 
patients on standard AP view and in one patient on Rosen-
berg view.

Only one major complication in this series was recorded: 
a patient who developed a non-union of the wedge-callus. 
She was a heavy cigarette smoker, who denied her bad 
habit at history collection before surgery. The incidence of 
non-union after a high tibial osteotomy ranges between 3 
and 5 % [19, 50]. In most of the cases, this complication 
is related to a violation of the lateral tibial cortex. In our 
series, however, this complication was related to the well-
known [51, 52, 53] negative effect of cigarette smoking on 
bone healing.

The main limitation of this study was that the number 
of patients involved was relatively small and that a control 
group, maybe with an internal fixation, was lacking.

This study is the first outcome study evaluating the 
maintenance of limb alignment correction after OW-HTO 
using a MDEF in young and active adult with mild medial 
knee osteoarthritis. In our series, we found satisfactory 
clinical results with a good maintenance of correction in 
most of the patients. The surgical technique is easy, and the 
patients well tolerate the MDEF. Complications were few 
and easy resolvable.

Conclusions

OW-HTOs using a MDEF are a safe and simple proce-
dure, and the results are comparable with other techniques. 
Outcome is satisfactory in the young and high-demanding 
patient who does not accept activity restrictions imposed 
by arthroplasty. The four major advantages of MDEF tech-
niques when performing an OW-HTO are: first, it is pos-
sible to correct minimal residual deformity up to exact 
desired axes on weight-bearing view. Second, due to the 
hemicallotasis phenomenon, the use of graft is not needed. 
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Third, the external fixator is suggested in case of correction 
of large deformities. Fourth, no further surgery is requested 
for hardware removal. On the other hand, the use of MDEF 
devices requires more patient compliance with need for pin 
tract care and frequent clinical and radiographic checks on 
an outpatient basis by the physician.
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