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Abstract

Background: Extramedullary alignment is a well established surgical technique during total knee replacement. There are different
methods to achieve accuracy but variability is quite extensive. To attain uniformity in the surgical technique we have been using
the tibialis tendon to align our resection guide. This may prove to be a useful aid for surgeons during knee replacement surgery.
Objectives: The purpose of our study was to establish if tibialis anterior tendon represents the centre of ankle joint and if it could
be used as an anatomical reference for alignment during knee replacement.
Methods: We designed a retrospective radiological cohort study. We studied sixty MRI scans of normal ankles. The centre of ankle
joint was marked as a bisection point of the intermalleolar line at the level of superior surface of the talus. A line was drawn con-
necting the centre of Achilles tendon to the ankle centre and this was extended anteriorly. This line was found to have a constant
relation to the ankle centre and it would simulate the positioning of the standard alignment device used.
Results: The tibialis anterior tendon lies less than 3mm medial to the ankle centre in the frontal plane.
Conclusions: We conclude that the tibialis anterior tendon can be used during knee replacement surgery as an accurate alignment
guide.

Keywords: Total Knee Replacement, Tibialis Anterior Tendon, Coronal Alignment

1. Background

Total knee replacement is well regarded as a successful
orthopaedic procedure for treatment of painful arthritic
knee. It relieves pain and improves knee function in the
majority of patients. With advancement in surgical tech-
niques and implant design, the knee replacement has
shown a survival of more than 15 years in 90% of patients
(1, 2). There are many factors that contribute to failure of
knee replacement; and component malalignment is an im-
portant one of them. It is therefore important to achieve
appropriate position of the components by accurate bony
cuts and precise ligament balance. Failure can manifest as
aseptic loosening, instability, polyethylene wear or all of
these (3, 4). Aligning the knee replacement within 3° of
the mechanical axis is associated with reduced wear and
optimal implant survival (5, 6). Berend et al. (7) reported
that the failure of a knee replacement would be increased
by 17 times in cases with a tibial varus alignment of more
than 3°. Tibial component alignment can be considered as
a key step during a knee replacement. Placement of the tib-
ial component at 90° to the tibial axis is hence universally
recommended.

Optimal tibial alignment can be achieved by either in-

tramedullary or extramedullary guides. Both these meth-
ods have advantages and disadvantages. Intramedullary
guides cannot be used in patients with severe post trau-
matic deformities and patients with excessive tibial bow-
ing (8). These guides are also reported to have increased
risk of fat embolism (9, 10). Extramedullary guides, on
the other hand, allow the surgeon an opportunity to cross-
check their alignment and revise the position of the cut-
ting guides to ascertain accuracy (11). However, the use
of extramedullary guides places the onus of responsibil-
ity entirely on the surgeon. It demands the surgeon to
align the tibial tray perpendicular to the tibial axis. The
distal end of the alignment device is determined subjec-
tively. This can cause error in alignment; because the ankle
centre is not always easy to identify, especially in the over-
weight patients who have a significant soft tissue cover to
obscure ankle anatomy. It can also be difficult when pa-
tients have ankle joint arthritis (12). Using extramedullary
guides, it has been reported that only 70% to 80% of pa-
tients have the tibial component placement within 3°. This
suboptimal positioning is despite improvements in surgi-
cal techniques and instrumentation (13, 14). Studies have
described many anatomical landmarks for aligning ex-
tramedullary alignment guides but there is wide variation
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in the description of these landmarks among papers (15-
19). We attempt to prove that the tibialis anterior tendon
has a stable relation with the ankle centre and can be uti-
lized in extramedullary alignment technique.

2. Methods

An observational study of sixty adult ankle MRI scans
was organized. The ankle MRIs were selected from our
hospital database retrospectively. Irrespective of the in-
dication for the ankle scan, only the scans reported to be
normal by a consultant radiologist were included in the
study. 30 female and 30 male MRI scans included. The age
ranged from 32 to 81. Axial cuts at the level of the ankle
joint and one proximal to the joint were studied. Ankle
centre was mapped by the digital measurement software
available with our PACS system. A central point in the trans-
verse section of tibialis anterior tendon was identified on
the axial cuts (TA) (Figure 1). The ankle centre was marked
as a bisection point of the intermalleolar line at the level
of talar dome. To simulate the relation of the ankle centre
to the frontal plane, as seen during surgery, we connected
the ankle centre to the centre of Achilles tendon and ex-
tended this line anterior. This suggested the ankle cen-
tre as viewed in coronal plane. The distance between this
line [extension of ankle centre (C)] and the tibialis tendon
was measured in millimeters and found to be reflective of
the relation between ankle centre (C) and tibialis anterior
tendon (TA) (Figure 2). If the TA was medial to the centre
the measurement was prefixed with M; and for a laterally
placed TA the prefix used was L.

3. Results

Out of the 60 scans studied, the tibialis anterior ten-
don (TA) was always found to be medial to the ankle centre
(C). The average distance between the TA and C was 1.87 mil-
limetres (range 1.5 to 2.5 mm). The 95% confidence interval
for the data was 1.81 to 1.92 (Figure 3).

4. Discussion

Our study demonstrates that the ankle centre has a
constant relation to the tibialis anterior tendon, being
just lateral to it. This study further confirms this surgical
method. We identify this technique as an excellent adju-
vant to other techniques that surgeons use.

The outcome of knee replacement depends on multi-
ple factors. But many studies have stressed the importance
of appropriate component alignment as a prime factor.

Figure 1. Axial Section at the Level of Talar Dome with Marking for Various Land
Marks.

The failure rate is reported to be higher when tibial im-
plants are positioned in varus of less than 86 degrees (20).
In the normally aligned knee, 75% of the joint force passes
through the medial compartment; (21) loading is predomi-
nantly through the medial compartment even with valgus
malalignment (22), excessive tibial varus increases the me-
dial compartment loading. This is a biomechanical disad-
vantage as the moment across the medial joint increases
and leads to worsening of polyethylene wear (23). The
tibial component malalignment decides the overall align-
ment of the knee replacement. It alters the tibiofemoral
angle directly. The exact tibiofemoral angle to be achieved
post knee replacement is still debated in literature but the
recommended values range from 08° to 12° of valgus (24-
29). There are various techniques available to achieve cor-
rect alignment. Intramedullary system has limitations in
situations like valgus deformity, tibial bowing, and persis-
tent deformity after osteotomy or fracture. In such cir-
cumstances the intramedullary guides cannot attain cor-
rect tibial cuts (30, 31). In such situations extramedullary
systems are often preferable (30). In spite of many clini-
cal studies there is no robust evidence to prove if any one
system is better than the other. The extramedullary align-
ment has advantages like reduced risk of fat embolism and
intraoperative fracture. It also results in a more reliable
cementation as a result of retention of the cement in the
metaphyseal area without any diaphyseal extravasations
(32).

Computer navigation is one way to reduce error of
malalignment. It is a relatively new advancement in joint
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Figure 2. Ankle Centre as a Bisection of Intermalleolar Line

Ankle centre connected to Achilles tendon centre and extended anterior. Distance calculated between ankle centre and tibialis anterior.
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Figure 3. Distribution of Tibialis Anterior Tendon Position on the Scatter Plot.

replacement surgery. Computer assistance achieves more
accurate postoperative alignment in TKA (30-33). A recent
meta-analysis concluded that the proportion of > 2° out-
liers for coronal alignment of the tibial component was
6.0% in navigated TKAs and 19.7% in conventional TKAs, and
the proportion of > 3° outliers was 2.8% and 9.9% respec-
tively (33). But contrary to this study there is ample evi-
dence in literature to suggest minimal difference in align-
ment when comparing computer aided and conventional
surgery. Though it is logical to achieve accuracy and expect
good outcome. High cost, longer learning curve, and diffi-
culty in procurement precludes the use of this technology.
Thus for most routine TKAs a landmark technique is very
useful.

But the extra medullary alignment can be unpre-

dictable and less reliable due to variability of the land-
marks used. To improve accuracy, an anatomical land
mark, which is easy to identify, reliable and anatomically
constant is essential. We found that the tibialis anterior
tendon is a palpable tendon with little variation in its
anatomic course. Anatomy textbooks have described the
tibialis anterior tendon as passing deep to the inferior ex-
tensor retinaculum (34-36).

Abnormal variations regarding the insertion of TA
muscle have been reported to be 21.7% (37). These aberra-
tions vary from attachment to the talus, first metatarsal
head or base of proximal phalanx of hallux (38). But the
course of tibialis anterior remains unchanged, allowing
the use of this tendon as a standard landmark to identify
the ankle centre.

Several other references for aligning the ex-
tramedullary jigs are available in literature. These include
the second metatarsal, extensor hallucis longus tendon,
intermalleolar point etc (15-20). However these land-
marks are variable and difficult to precisely isolate during
surgery. Thus a lot rests on surgeon experience when
it comes to appropriate resection. Our study provides
a proof that the tibialis anterior tendon has a relatively
constant location and position. It can be used to augment
surgical accuracy. To counter the difficulty in identifying
the tendon during surgery; we mark the tendon preopera-
tively in an awake patient; where active contraction helps
make the tendon prominent and easily palpable even in
overweight patient.

Our study does have shortcomings. Firstly, this is a radi-
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ological study with no inclusion of clinical outcomes. Sec-
ondly, our study does not provide any information on how
accurate the alignment of our TKAs is with the use of this
landmark. Nevertheless we do feel that our study further
asserts suitability of anatomical landmarks during TKAs.
And we also acknowledge that further study is needed to
confirm the relation between TKA alignment and use of
this anatomical landmark. We are hence running a study
to assess the accuracy of post operative alignment of our
TKAs when extramedullary alignment jigs are used with
tibialis anterior tendon as a distal reference. We conclude
that the ankle centre lays 1.5 to 2.5 mm lateral to the tib-
ialis anterior tendon. This is a reliable fixed point which
represents the distal point on the tibial mechanichal axis.
We feel this can be safely used in total knee replacement
surgery for improving accuracy of alignment. It will also
prove an invaluable additional check for coronal align-
ment.
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