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The anatomical safe zone for medial opening oblique
wedge high tibial osteotomy

Bavornrat Vanadurongwan?, wio, Thana Siripisitsak?, vo, Narumol Sudjai', ssc, Thossart Harnroongroj', mp

INTRODUCTION The end of medial opening obligue wedge high tibial osteotomy (HTO) points into a narrow area
between the articular cartilage of the posterolateral proximal tibia and proximal tibiofibular joint (PTFJ) at the tibial site,
which is an anatomical safe zone (ASZ) for osteotomy. We studied the ASZ and its relation to the fibular tip, including
the level of posterior cruciate ligament (PCL) insertion, to avoid penetration into the knee and PTFJ, and PCL injury by
osteotomy.

METHODS Ten pairs of embalmed cadaveric legs were disarticulated at the knee joint and then examined. Soft tissues
at the proximal tibia were removed. The posterior capsule of the PTFJ was incised to identify the articular cartilage of
the PTFJ at the tibial site. The height of the fibular tip and the thickness of the ASZ were measured and calculated to
determine the relationship between the ASZ and fibular tip. The level of PCL insertion was measured from the posterior
articular surface of the proximal tibia to the distal attachment of the PCL.

RESULTS The average height of the fibular tip and the thickness of the ASZ were 5.43 + 1.53 mm and 4.12 + 1.60 mm,
respectively. On average, the fibular tip was 1.31 + 1.28 mm higher than the ASZ, and the level of PCL insertion was
10.10+ 1.88 mm.

CONCLUSION To ensure safety during medial opening oblique wedge HTO, the end of osteotomy should point
accurately into the ASZ at a level just below the fibular tip as reference. Proximal osteotomy thickness should not be

less than 10 mm at the level of PCL insertion.

Keywords: anatomical safe zone, fibular tip, medial opening oblique wedge high tibial osteotomy, posterior cruciate insertion

Singapore Med J 2013; 54(2): 102-104

INTRODUCTION

Medial oblique opening wedge valgus high tibial osteotomy
(HTO) above the fibula is a common realignment procedure
for treating medial unicompartment osteoarthritic knee."# This
technique is usually performed with an oblique cut starting from
the medial to the lateral cortex of the proximal tibia. Adequate
thickness of osteotomy is necessary for internal fixation and avoids
posterior cruciate ligament (PCL) insertion injury. The location of
end osteotomy at the lateral cortex of the tibial condyle must be
between the lower end of the posterolateral articular cartilage of
the proximal tibia and the proximal tibiofibular joint (PTF)). This
narrow area is often called the anatomical safe zone (ASZ) for
medial oblique opening wedge HTO.®® Penetration into the
articular cartilage of the lateral tibial condyle or PTF) is a common
complication during osteotomy.”* Moreover, inadequate thickness
of the proximal osteotomy can result in the risk of PCL insertion
injury and the problem of stable internal fixation. Understanding
the ASZ at the posterolateral proximal tibia and its relationship to
the fibular tip, including the appropriate thickness of the proximal
osteotomy, may help surgeons preclude such complications.
This study was carried out to determine the thickness of the ASZ,
including its relationship to the fibular tip, and the level of PCL
insertion at the proximal tibia.

METHODS

Ten pairs of embalmed, normal cadaveric legs containing intact
PTFJs were included in the study (age 48-60 years). All specimens
were disarticulated at the level of the knee joint. Soft tissues
around the proximal tibia and PTF) were dissected to identify
the articular cartilage of the tibial condyles and PCL insertion.
The posterior capsule of the PTF) was longitudinally incised to
identify the articular surface at the tibial site. Incisions were made
carefully in order to avoid causing instability of the PTFJ. Using a
digital vernier calliper, the height of the fibular tip was determined
as the distance from the fibular tip to the upper end of the
articular cartilage of the PTFJ at the tibial site (Fig. 1). The capsule
of the PTF) was then completely excised. The fibular head was
displaced anteriorly and the posterolateral aspect of the proximal
tibia exposed. The ASZ for osteotomy was identified as the area
between the end of the articular cartilage of the posterolateral
corner of the proximal tibia and the upper articular cartilage
of the PTFJ at the tibial site. The thickness of the ASZ was then
measured (Fig. 2). The distance between the ASZ and the fibular
tip was calculated. The level of PCL insertion was measured as the
distance from the end of the posterior articular surface of the
proximal tibial to the lowest insertion of the PCL. Tibial and fibular
lengths were measured using a ruler. The data were presented as
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Fig. 1 Photograph shows the measurement of the height of the
fibular tip (CD). AB: horizontal level of the upper end of the articular
cartilage of the PTFJ at the tibial site; C: fibular tip; D: the point
where CD is perpendicular to AB.

Fig. 2 Photograph shows the measurement of the thickness of the
anatomical safe zone (ASZ).

Table I. Study findings based on cadaveric measurements of the anatomical safe zone.

Specimen no. Thickness of Fibular height  Relationship of ASZ  PCL insertion Tibial length Fibular length
ASZ (mm) (mm) and fibular tip (mm) (mm) (mm) (mm)

1 4.29 5.56 1.27 9.0 855 360

2 4.88 3.65 =iL. 28 8.5 855 360

8 5.12 5.2 0.20 8.0 330 885

4 7.15 8.11 0.96 10.0 330 3

5 6.32 7.83 1.51 8.5 340 360

6 4.54 3.98 -0.56 10.0 340 360

7 2.09 4.67 2.58 9.5 300 325

8 3.19 5.88 2.69 11.5 300 325

9 4.60 5.41 0.81 6.5 360 SI5)

10 5.07 4.31 -0.76 8.0 360 B

11 3.17 5.92 2.75 10.0 885 350

12 4.01 6.53 2.52 11.0 335 350

13 855 7.38 3.83 9.0 885 350

14 3.31 5.25 1.94 11.0 885 350

15 6.85 7559 0.74 12.0 340 360

16 4.70 5.66 0.96 115 340 360

17 2.78 3.48 0.70 9.5 290 300

18 0.54 2.41 1.87 11.0 290 300

19 2.58 4.43 1.85 14.0 8iis 385

20 859 5.18 1.59 185 875 385

Mean measurement* 4.12 +1.60 5.43 +1.53 1.31+1.28 10.10+1.88 336.00 +£25.01  350.00 + 24.06
(3.37-4.87) (4.71-6.14) (0.71-1.91) (9.22-10.98)  (324.30-347.70) (338.74-361.26)

*Datais presented as mean + standard deviation (95% Cl).

Cl: confidence interval; ASZ: anatomical safe zone; PCL: posterior cruciate ligament

mean = standard deviation, and the distance between the ASZ and
the fibular tip was ascertained at 95% confidence interval (CI).

RESULTS

The average tibial and fibular lengths of the specimens were
336.00 + 25.01 mm (95% Cl 324.30-347.70) and 350.00 =
24.06 mm (95% Cl 338.74-361.26), respectively. The average
height of the fibular tip was 5.43 + 1.53 mm (95% Cl 4.71-6.14),
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and the average thickness of the ASZ was 4.12 + 1.60 mm (95%
Cl 3.37-4.87). On average, the distance between the ASZ and the
fibular tip was determined as 1.31 + 1.28 mm (95% Cl 0.71-1.91)
above the ASZ. In 17 (85%) specimens, the tip of the fibula was
1.69 £ 0.95 mm above the ASZ, while in three (15%) specimens,
it was 0.86 + 0.33 within the level of the ASZ. The average PCL
insertion was 10.10 + 1.88 mm (95% Cl 9.22-10.98) below the
posterior articular surface of the proximal tibia (Table ).
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DISCUSSION

Medial oblique opening wedge valgus HTO, recommended as a
surgical technique for the treatment of medial unicompartment
osteoarthritic knee, provides high success rates for an
extended time period."* In 1965, Coventry performed HTO at
the level of a previous epiphyseal line and just proximal to the
tibial tubercle using the lateral closed wedge technique with the
upper portion of the fibula removed."® The calculated corrected
angle plus additional degrees of correction were obtained by
lateral bone removal. The region of osteotomy was immobilised
by cylindrical cast until healing."” Lateral closing wedge osteotomy
was further developed in terms of osteotomy cut, and stable
fixation was obtained by using special plate fixation."” However,
fibular osteotomy was always necessary for this technique.
Various medial opening wedge HTO techniques without fibular
osteotomy were developed to achieve adequate thickness of the
proximal osteotomy for stable internal fixation and to control
corrected angle without cutting out bone.?*'?

At present, most surgeons perform osteotomy by using medial
oblique opening wedge HTO above the fibula."® However, this
technique has complications due to penetration into the articular
cartilage of the lateral tibial condyle or into the PTF).”® The ASZ
for the lateral end of osteotomy is narrow and located between
the posterolateral articular cartilage of the proximal tibia and
PTFJ.5013 As shown in our study, the mean thickness of the ASZ
was only 4.12 mm. It is therefore vital that the osteotomy must be
accurately pointed into the ASZ. Most surgeons prefer osteotomy
below the joint line of the knee, although the osteotomy may
penetrate into the PTF). However, the perfect osteotomy shoulder
is when the end osteotomy is between the articular cartilage of
the lateral tibial condyle and PTFJ. Intraoperatively, the fibular tip
is routinely used as an anatomical landmark for directing the end of
the osteotomy into the ASZ. Nevertheless, our study showed that
the fibular tip was on average 1.69 mm above the ASZ in most of
the specimens studied (even though analysis by case showed that
15% of the fibular tips were within the ASZ). This implies that the
direction of safe osteotomy line should be just below the fibular
tip instead of at the same level.

The appropriate thickness of proximal osteotomy is important.
Greater thickness provides for stable fixations, but as the osteotomy
is near the diaphyses, there may be problems with bone healing.
On the other hand, proximal osteotomy that is too thin may
present problems such as stable internal fixation with a likelihood

of PCL insertion injury. As shown in this study, a safe thickness of
proximal osteotomy should not be less than 10 mm at the level
of PCL insertion. However, tibial attachment of the PCL is a vast
area of study and our attempt did not evaluate whether injury at
this level created PCL insufficiency.

In conclusion, we recommend that medial oblique opening
wedge valgus HTO is safe so long as the lateral end of the
osteotomy is accurately pointing into the ASZ, using the level
just below the fibular tip as the reference marker. The level of the
fibular tip was found to be unsafe as a definite reference point
for osteotomy. The proximal thickness of the osteotomy should
be at least 10 mm at the level of PCL insertion. Further studies
on the intraoperative radiographic assessment of the ASZ would
be of more practical use to surgeons performing medial oblique
opening wedge HTO.
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