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Introduction
High tibial osteotomy was introduced by Jackson et al. in 1911 

and was popularized by Coventry in 1985 as an effective treatment 
for a variety of knee conditions including knee osteoarthritis 
with varus deformity and tibia vara without arthritis [1-3]. The 
aim of medial wedge opening high tibial osteotomy (MWOHTO) 
is to relieve pain and delay the progression of the degenerative 
process by offloading medial knee compartment and correcting 
malalignment using different fixation methods (Stables, T-plate, 
Budu plate, and TomoFix) [4]. Although highly successful 
procedure, complications like implant failure, non-union and 
delayed union are still frequently occurring with a reported 
incidence of 5.7% despite good patient selection, proper operative  

 
technique and using stiffer implants [5-10]. In this study, we 
discuss our results after utilizing a new technique by adding an 
extra screw in another plane away from the primary fixation  
(extra-focal) and its effect on union and time to full weight-
bearing, reporting any complications related to this technique. 
Our hypothesis is that adding this extra focal screw will add more 
stability to the osteotomy fixation with subsequent reduction of 
the complications related to osteotomy fixation and union.

Materials and Methods
Starting from November 2018, fifty patients (50 knees) were 

treated by this technique, 32 (64%) females and 18 (36%) males 
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with a mean age of 48.5±7.4 years, 44 (88%) patients diagnosed 
with primary medial unicompartmental knee osteoarthritis (OA) 
and 6 (12%) patients diagnosed as adolescent tibia vara (TV) with 
residual varus deformity without arthritic changes, right side 
was operated upon in 37 (74%) patients while the left side in 13 
(26%) patients with a minimum follow up of 6 months (Table 1). 
The preoperative exclusion criteria were patients older than 60 

years, symptomatic osteoarthritis in the lateral or patellofemoral 
compartments, osteoporosis, varus deformity >15°, flexion 
contracture >10°, range of motion <90°, and the presence of severe 
osteoarthritis in the medial compartment (defined as a grade of 
4 on the Kellgren–Lawrence radiographic grading scale) [11]. 
Written consent was obtained from all patients before surgery 
with no extra cost offered due to using extra screw fixation.

Table 1: Demographic characteristics of included patients (N= 50).

Parameters  

Gender  

Male 18 (36%)

Female 32 (64%)

Age, y  

Mean ± SD 48.5 ± 7.4

Side  

Rt 37 (74%)

Lt 13 (26%)

Diagnosis  

Osteoarthritis 44 (88%)

Tibia vara 6 (12%)

Operative Procedure
Preoperative planning was based on standing short AP 

and lateral views, all procedures were performed by the senior 
author (OR), all procedures were performed in the same manner 
without arthroscopy under spinal anesthesia. Surgical technique 
(Figure 1). Each patient was positioned in a supine position on a 
radiolucent table with a thigh tourniquet, draping was done up to 
the level of the tourniquet. A midline incision was made from a 
point about 3 cm distal to the medial joint line slightly medial to the 
tibial tubercle up to the distal pole of the patella, the incision was 
enlarged either to improve visualization or to ease plate insertion. 
The superficial medial collateral ligament was subperiosteally 
released from the proximal tibia, with subperiosteal blunt 
dissection of the posterior structure from the back of the tibia 
till we can digitally feel the head of the fibula, under fluoroscopic 
examination a Kirschner wire was inserted in an oblique direction 
from the metaphyseal-diaphyseal junction of the medial proximal 
tibial cortex, which corresponds to a point just above the upper 

border of the pes anserinus, and directed toward the lateral 
proximal tibial cortex aiming at the level of the tip of the fibular 
head (Figure 1A). We started by an ascending cut made behind the 
tibial tuberosity in the anterior fourth or 1.5 cm posterior to the 
anterior rim of the tibial tuberosity, leaving the patellar ligament 
attached to the distal tibial fragment, then 2 Homman retractors 
were inserted, one just behind the patellar tendon and the other 
was inserted between the posterior aspect of the tibia and the 
dissected medial and posterior structures. The osteotomy was 
performed beneath the wire using an osteotome while the knee 
was in a 15˚ flexed position (Figure 1B). Osteotomy ended 5 mm 
medial to the lateral cortex. The osteotomy was opened gradually 
using two flat chisels, and the gaps were maintained using a 
laminar spreader (Figure 1C). The intraoperative mechanical 
axis was controlled using the cable technique (Figure 1D) [12] 
while holding the knee in a fully extended position aiming for a 
mechanical axis passing at the Fujisawa’s point (at 30–40% lateral 
to the midpoint of the tibial plateau) [13].
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Figure 1: Operative technique,

A.	K-wire	directed	at	the	fibular	head.

B. Biplanar osteotomy was done (tibial osteotomy, osteotomy behind tibial tuberosity). 

C. Osteotomy maintained using a laminar spreader.

D.	Plate	fixation	and	alignment	recheck	using	cable	technique.

Figure 2: Extra-focal	screw	fixation	technique,
A, B: The direction of the drill going from distal to proximal starting just lateral to the tibial tuberosity aiming at the medial tibial plateau.
C, D: intra-operative Fluoroscopic images showing the optimum position of the screw and its passage between the proximal 2 screws 

in the lateral view
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For all patients, osteotomy fixation was done using T locked 
titanium plate (Orthomed-E), with fixation by the non-locked 
screw done first at the oval hole below osteotomy level to make 
sure that the plate is resting on the bone in a good position, then 
formal fixation of the remaining locked screws after confirming 
plate position under fluoroscopy, proximal part of the plate has 
three locking holes for fixation in the metaphyseal area, only the 2 
peripheral screws are used leaving the middle screw hole empty 
to accommodate for the passage of the extra-focal screw (Figure 
2A), no graft was used , but after secure fixation, with the use of a 
small curette, some cancellous bone is curetted from the proximal 
tibia through the osteotomy and left inside the osteotomy site as 
a local bone graft. Extra-focal screw fixation technique (Figure 2) 
After confirming the proper limb alignment and plate position, 
the same drill used for the locking screws (4.1 mm) is used to drill 
the track for this screw, we aim at a direction going from distal 
to proximal, starting at the level of the lateral aspect of the tibial 
tuberosity targeting the subchondral bone of the medial tibial 
condyle (Figure 2A & 2B), the screw should pass between the 
two proximal screws, caution should be paid not to penetrate the 
medial tibial plateau by the drill pit, also any resistance felt maybe 
due to drill hitting either of the screws and the direction should 
slightly be changed, after confirming the proper position of the 
drill and measuring the appropriate length, a cortical screw (5 
mm) from the locking screw set is used with the benefit of wider 
caliber than the usual cortical 4.5 mm screws, which theoretically 

should be stiffer, and the advantage of having threads in the head 
portion which is designed to lock in the hole of the plate, which 
may have some purchase in the outer cortical bone at the entry 
point and we hypothesized that this criterion of the screw may 
prevent its sinking into the cortex or its backing out which may 
cause irritation due to subcutaneous nature of this area, care 
should be taken to make sure that the head of the screw is not 
prominent from the bone, after inserting the proper screw, the 
proximal construct should be formed of two screws locked to the 
plate and another crossing screw from the opposite side taken 
extra-focally from outside the plate (Figure 2C & 2D). 

Wound closed in layers and no suction drain with the 
application of a compressive dressing. Post-operative protocol: 
Isometric quadriceps exercises, active ankle pumping, and straight 
leg-raising exercises were started on day one postoperative. 
The compressive dressing was removed on the second day after 
surgery. Each patient could move the knee as much as tolerated 
and walk with partial weight-bearing for the first 6 weeks 
postoperative (as tolerated) except for heavy patients which we 
advised to just toe-touch weight-bearing protocol. Postoperative 
radiographic assessment (day 1, 6 weeks, 12 weeks and last 
follow up at 24 weeks) using a digitalized standing knee AP 
view (whenever possible). Full weight-bearing was permitted 
beginning after 6 weeks if the follow-up radiographs show good 
healing at the osteotomy site.

Figure 3: Anatomical	tibiofemoral	(TF)	angle,	(AP	knee	radiograph,	A:	preoperative	–	B:	postoperative)
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Figure 4: Medial	proximal	tibial	angle	(MPTA),	(AP	knee	radiograph,	A:	preoperative	–	B:	postoperative)

Figure 5: Postoperative Extra-focal screw angle.

Patient assessment was done as follows: Clinical assessment 
of knee range of motion and maximum flexion using a 
handheld goniometer preoperative and at the last follow up 
visit. Radiographic assessment of the pre and post-operative 
radiographs as follows: [1] Anatomical tibiofemoral angle (Figure 
3) was measured in all cases as the medial angle between the 
anatomical axis of the tibia and the anatomical axis of the femur 
with a 7 degrees of valgus to be considered as neutral alignment 
(added to 180° to ease calculations) with an angle greater than 
187° considered as valgus and lower than 187° considered as varus 
anatomical alignment [2], Medial proximal tibial angle (MPTA) 
(Figure 4) as the medial angle between the tibia anatomical axis 
and the proximal tibia joint line, [3] Extra-focal screw angle in 

relation to the proximal fixation screws (Figure 5) was measured 
on the postoperative radiographs as the angle originates at the 
crossing of the screws. The time required for osteotomy site union 
was assessed according to Apley and Solomon’s criteria [14] in 
weeks, complete bone union according to these criteria defined 
as the time at which there is no pain upon local palpation, no 
swelling in the limb, an ability to walk without support and pain-
free, and evidence of a radiographic bridging callus or trabecula 
between fragments. If the union was not observed till the 3rd 
follow up visit at 12 weeks it was considered as a delayed union, 
and non-unions were diagnosed when trabecular discontinuity 
was still observed at the last follow up visit at 24 weeks after 
surgery. Any complications related to the surgery or anesthesia 
were also reported. Description of means and standard deviation 
for quantitative variables and frequencies and percentage for 
qualitative variables were calculated by using SPSS version 
22. A comparison of preoperative and postoperative data was 
performed using the t-test. P-value < 0.05 will be considered to 
declare statistical significance.

Results
Knee range of motion was not significantly changed (P-value 

> 0.05). Mean preoperative range of motion was 115° (SD; 6°) and 
the mean postoperative range of motion was 112° (SD; 7°). The 
anatomical TF angle improved significantly from a preoperative 
mean angle of 177.1°±2.4 (29 patients [58%] had a deformity 
equals or more than 10° varus) to a postoperative mean of 
187.5°±2.1 (p<0.01), the aim in patients diagnosed with medial 
OA is to obtain a slight valgus axis to prevent recurring of varus 
(nearly 8-10° of valgus in the anatomical axis) which was achieved 
in 86% of the arthritic cases with four (9%) cases were under-
corrected and two (5%) cases were over-corrected, while in 
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TV cases we aimed at neutral anatomical correction which was 
achieved in all cases. The MPTA improved significantly from 
a preoperative mean of 83.5°±3.5 to a postoperative mean of 
94.2°±2 (p<0.01), the mean inclination of the extra-focal screw 
in relation to the proximal screws was 65.2°±7.5, the mean time 
to get radiographic union was 7.9±2.8 weeks and the mean time 
to get full weight-bearing was 8.9±3.5 weeks (Table 2). Regarding 
the complications, we had one (2%) case of intraoperative lateral 
tibial plateau breakage which was only noticed in the immediate 
postoperative radiographs, and it was in place and treated 

conservatively, three (6%) male patients with delayed union with 
complete union of the osteotomy site at the last follow up after 
cessation of smoking , two (4%) cases had superficial wound 
infection treated conservatively with daily dressing without the 
need for surgical intervention, we didn’t have any complications 
related to the implants like breakage or loss of fixation, no 
irritation from the plate or from the extra-focal screw entry 
site, no deep wound infections, vascular injuries, or incidents of 
clinically detected deep vein thrombosis were reported.

Table 2: Comparison between preoperative and postoperative measurements (N= 50).

Parameters Preoperative† Postoperative† P value*

Range of Motion 115° ± 6 112° ± 7 0.134

Anatomical TF1 angle 177.1° ± 2.4 187.5° ± 2.1 0

MPTA2 83.5° ± 3.5 94.2° ± 2 0
1 TF: tibiofemoral; 2MPTA: medial proximal tibial angle

† Data are presented as mean ± standard deviation

* Related T-test

Discussion

Performing MWOHTO in treating knee osteoarthritis had 
gone down over the last 3 decades as it had been considered 
technically demanding, however, it had been shown in recent 
studies that sport activities even if demanding can be maintained 
after this procedure [15]. The main aim of performing MWOHTO 
is to accurately correct limb alignment which should be 
maintained by rigid fixation till osteotomy fully unite [16]. We 
believe that these goals could be achieved after utilizing this new 
technique of adding extra fixation in another plane through the 
extra-focal screw. Both biological and mechanical factors should 
be taken into consideration if the surgeon aims at an optimum 
MWOHTO outcome, lateral cortex continuity in association with 
robust fixation and soft tissue integrity is among these factors 
[1,17]. Although MWOHTO is considered as a simple procedure, 
intraoperative as well as postoperative complications can occur, 
most of these complications caused mainly by surgical and 
technical errors, of these are: under or overcorrection, breakage 
of the lateral cortex, delayed and non-union [18].

In comparison to our study where we had 24% minor 
complications, Lee et al. [4] in their study identified 29.3% 
complication rate after MWOHTO for varus osteoarthritis of the 
knee, most of these were minor complications which needed no 
surgical intervention as lateral cortex fracture, delayed union and 
skin irritation from the plate, on the contrary to our study they 
had 3 major complications which needed surgical intervention 
one of them is due to non-union. The inherent instability of the 
MWOHTO is due to the gap created in the proximal tibia, attention 

should be paid for fixation and integrity of the lateral cortex to 
prevent early failure with loos of correction [19]. We didn’t 
encounter any cases of non-union in our series while Meidinger 
et al. [20] after having 5.4% non-union in their series concluded 
that the intact lateral cortex with strong fixation was essential 
for the prevention of such complications. The use of locking 
compression plates or extra screws, as was utilized in our series, 
had been recommended when the correction angle is large and a 
long wedge height will occur for the fear of breaking the lateral 
cortex or even a tibial plateau fracture which will affect osteotomy 
stability [4]. 

In comparison to our series where we didn’t report any 
complications related to using a T locked plate which is 
considered as a fixed angle device, Puddu plate usage had been 
reported to be associated with a complication rate ranging from 
37.7 to 55%, while less complication rate was reported with LCP 
and non-locking T-plates ranging from 1.9 to 8.6% [1,21,22], in 
another study by Chaturong et al. [23] where they reported a low 
complication rate with both the use of T-buttress plates (6.7%) 
and the TomoFix technique (10%). No iliac bone graft or a bone 
graft substitute was used in this series, a meta-analysis done by Jae 
et al. [24] showed that similar radiological union and correction 
preservation after MWOHTO regardless of tibial bone quality, also 
they stated that the currently available evidence can’t support the 
superiority of using bone graft over without.

We had been able to obtain good clinical and radiological 
results compared to previously reported studies with no 
complications related to utilizing this new technique [25-27].
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Limitations of the Study
Lack of a biomechanical study to support our hypothesis that 

adding this screw will increase the axial and rotational stability of 
the construct, also we didn’t compare the results with a matching 
group of patients done without adding an extra-focal screw, also 
we didn’t report the full clinical outcomes regarding knee function. 

Conclusion
We believe from the clinical and radiological results of our 

series that “Biplanar fixation by adding an extra fixation by the 
extra-focal screw” leads to more axial and torsional stability to 
osteotomy fixation construct with the subsequent full union and 
early recovery, but the further biomechanical study is strongly 
recommended.
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