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Total knee arthroplasty is an effective treatment for end-stage knee osteoarthritis. The tibial platform osteotomy must
take full account of the coronal plane, the sagittal plane, and the rotational alignment of the tibial prosthesis. During
surgery, individual differences in the coronal alignment of the tibia need to be taken into account as poor alignment
after surgery can lead to rapid wear of the tibial platform, reducing the longevity of the prosthesis and adversely affect-
ing quality of life. Intraoperative tibial osteotomies are often performed using extramedullary alignment. When an
extramedullary alignment approach is used, the proximal tibial osteotomy guide is usually placed in the medial third of
the tibial tuberosity. There is no consensus on the most reliable anatomical landmarks or axes for achieving distal tib-
ial coronary alignment. Anatomical points or reference axes that are highly reproducible and precise need to be identi-
fied. From available data it appears that most surgeons use the extensor hallucis longus tendon, the second
metatarsal, and the anterior tibial cortex to determine the distal localization point. However, its accuracy has not been
confirmed in clinical and radiographic data, and the alignment concept and preoperative planning for total knee
arthroplasty has paid more attention to rotational alignment, but there are few studies on the coronal alignment of the
tibia. This article reviews the recent use of the distal tibial coronal osteotomy reference point in total knee
arthroplasty. However, due to there being only a small number of studies available, the evidence collected is insuffi-
cient to prove that a certain reference axis has obvious advantages and a combination of different reference points is
needed to achieve the ideal lower extremity force line angle.
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Introduction

Total knee arthroplasty (TKA) can restore knee function,
reduce pain, and improve quality of life for patients with

end-stage osteoarthritis of the knee. About 95% of implants
survive for more than 15 years1. Prosthesis survival is closely
related to alignment of lower limbs after TKA. Good lower
extremity alignment is an important factor in the success of
surgery2. Poor lower extremity alignment increases lower
extremity stresses, leading to accelerated wear of polyethylene,
aseptic loosening, patellar dislocation, and joint instability. This
adversely affects postoperative knee function and prosthesis
longevity, and ultimately results in failure of the TKA.

There is general agreement among surgeons that the
prosthesis should be aligned parallel to the tibial mechanical

axis with deviation of no more than �3�, to provide a con-
sistent load distribution at the prosthesis–bone interface and to
prolong survival of the prosthesis3, 4 (Fig. 1). Intramedullary
alignment and extramedullary alignment are the most com-
monly used techniques for TKA, with both methods having
advantages and disadvantages. Extramedullary alignment is pre-
ferred for tibial prostheses because intramedullary alignment is
associated with risk of fat embolism and of inversion of the
prosthesis and, moreover, cannot be used in patients with tibial
deformity, medullary stenosis, or post-traumatic arthritis5.

For extramedullary alignment of the tibia, the cur-
rent method uses an axis connecting the proximal tibial
center to the center of the ankle joint. Therefore, correctly
determining the center of the ankle joint is crucial. To
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align the extramedullary guides to the mechanical axis of the
tibia, a number of bony and soft tissue marker points have been
proposed as distal tibial reference points; these include the sec-
ond metatarsal6, the extensor hallucis longus tendon (EHLT)7–
9, the tibialis anterior tendon (TAT)10, the Achilles tendon
(AT)11, the extensor digitorum longus tendon (EDLT)11, and
the dorsal pedal artery (DPA)12. In addition, in recent years,
the lines connecting the proximal and distal thirds of the ante-
rior tibial margin13 or the medial third of the patellar ligament
insertion and the distal quarter of the anterior tibial margin
have been used a reference axes during tibial osteotomy14.

The current clinical use of coronal tibial osteotomies is
mostly based on the surgeon’s surgical experience and
intraoperative empirical judgment, there is no uniform standard
for tibial osteotomies, and individual differences in tibial mor-
phology can also have an impact on tibial osteotomies.

Computer navigation techniques can help achieve a
more precise line of force in the lower limbs. These tech-
niques allow the surgeon to use sensors to determine the
position of the mechanical axes during surgery and achieve
precise mechanical positioning. However, high cost, long
operating time, and the steep learning curve are reasons
preventing wider adoption of computer navigation4, 15. Pre-
operative planning and three-dimensional (3D)-printed indi-
vidualized prostheses can reduce the operative time, but the

method does not appear to be significantly better than conven-
tional surgery in restoring the lower limb force line; the need
for additional imaging studies such as computed tomography
(CT) or magnetic resonance imaging (MRI) and the high cost
of 3D printing equipment are major limitations16.

The purpose of this study was to summarize the
advantages and disadvantages of the commonly used coronal
anatomical reference points or reference axes in clinical prac-
tice, and compare their accuracy, so as to facilitate surgeons
to improve the accuracy of postoperative force lines.

Search Methods

A literature search was conducted using Medline
(PubMed) and SCI for articles published between June

2003 and June 2020 on the coronal alignment of tibial com-
ponents in TKA. The searches were for descriptors “tibia OR
tibial,” “coronal OR frontal,” “alignment OR align OR -
positioning,” “landmark OR landmarks,” and “total knee
arthroplasty OR total knee replacement” in combination
with using the Boolean connector “AND.” The inclusion
criteria for the literature were as follows: (i) basic and clinical
research related to the above keywords; (ii) literature types
are monographs, papers, guidelines, or reviews. The exclu-
sion criteria for the literature were as follows: (i) related to
computer navigation and patient-specific guides; (ii) about
intramedullary alignment and tibial plateau rotation align-
ment; (iii) fail to quantify accuracy of one or more land-
marks for tibial component alignment; (iv) articles of low
quality and low level of evidence. Finally, 13 eligible articles
were included (Fig. 2).

Operative Technique
The patient laid supine on the operating table after general
anesthesia and urethral catheterization, inflatable tourniquet
applied preoperatively. The surgical area was disinfected with
iodophor, sterile surgical sheet was laid, and after wearing
sock, the surgical area was covered with antibacterial film.
Using a para-median incision, the patella was everted after
releasing the soft tissues, the medial and lateral menisci and
anterior-posterior cruciate ligaments were excised. The knee
was flexed at 90� and the tibia was semi-dislocated forward.
The tibia was osteotomized using an extramedullary osteo-
tomy technique. The osteotomy guide plate was fixed on the
proximal tibia and a tibial positioner was installed. The AP
axis connected the center of the posterior cruciate ligament
at the tibial attachment and the medial one-third of the bor-
der of the patellar tendon at the tibial attachment. The direc-
tion of rotation of the proximal end of the guide was in the
AP axis. The distal end of the tibial locator should point
toward the distal tibial reference point. Reference points were
commonly used in clinical practice including the second
metatarsal, the extensor hallucis longus tendon (EHLT), the
tibialis anterior tendon (TAT), the extensor digitorum longus
tendon (EDLT) (Fig. 3), the lines connecting the proximal
and distal thirds of the anterior tibial margin (Figs 4 and 5),
or the medial third of the patellar ligament insertion and the

Fig. 1 The coronal tibial component angle (CTA) is the medial angle

between the mechanical axis of the tibia and the horizontal axis of the

tibial tray.
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distal quarter of the anterior tibial margin (Fig. 6). The oste-
otomy was performed with a pendulum saw after fitting a
tibial locator. The osteotomy was determined according to
the preoperative X-ray measurement. The tibial osteotomy
surface in the sagittal plane was maintained with a 5�

posterior inclination. After completion of tibial osteotomy,
femur osteotomy was performed. The femur was
osteotomized using the intramedullary alignment technique.
Installation of intramedullary positioning rod was carried
out. The distal femoral cutting block was then attached to

Fig. 2 The selection flow for included studies in this review. The first screening step is using softwave to eliminate duplicate articles, and 41 articles

were excluded. The second screening step is to exclude according to information provided by titles and abstracts (n = 48). Finally, 13 articles were

included.

Fig. 3 Distal tibial reference point: the

extensor hallucis longus tendon (EHLT), the

tibialis anterior tendon (TAT), the extensor

digitorum longus tendon (EDLT). Dorsal pedal

artery (DPA).
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the alignment guide, with adjustment for the anatomical val-
gus angle of the femur. Finally, four-in-one osteotomy and
intercondylar molding were performed. Flexion and exten-
sion gaps were checked and equalized with the tensor
device. Trial prosthetic was implanted. Check the range of
motion of the knee, joint stability, implant rotation, patel-
lar tracking, and the lower extremity lines. Finally, the
prosthesis was fixed with bone cement, the excess bone
cement was removed. Washing the surgical area with
saline solution. The tourniquet was loosened and the inci-
sion was sutured layer by layer.

Tendons
The tibial mechanical axis is defined as the line connecting
the midpoint of the proximal tibia and the midpoint of the
talus. Therefore, it is important to accurately identify
the center of the talus when applying an extramedullary
guide during a TKA tibial osteotomy. Tendons located just
beneath the skin are easily identified during the course of the
surgery, without need for assistive devices. Therefore, the
TAT, the EHLT, the EDLT, and the AT at the ankle could
serve as distal reference points (Fig. 3). The TAT and EHLT
are 6.9 and 5 mm wide, respectively. The TAT is located at
least 1 cm medial to the center of the talus. The EHLT is
closer to the center of the talus at the ankle level than the
TAT and so would be the more accurate reference point8,9.

In a study based on an analysis of ankle MRIs,
Rajadhyaksha et al. found the mean distance from the mid-
point of the distal tibia to the TAT to be 1.89 mm (1.45–
2.33 mm); in 84.4% of ankles, the distance was ≤2 mm10. In
a cadaver study, Schneider et al. examined the horizontal

distance of the EHLT and TAT from the midpoint of the
talus and also analyzed the anatomical relationship of the
two tendons to the internal and external ankle in the neutral
position and the pronation and supination positions. The
effect of pronation on the distance from the EHLT and TAT
to the internal and external ankle was found to be smaller
(distance of EHLT tendon, 0.2–0.6 mm; distance of TAT,
2.9–3.5 mm). The deviation of the EHLT was greater than
that of the TAT during supination (9.2–10.5 mm vs 6.2–
6.8 mm, respectively). Using MRI images of healthy volun-
teers, Schneider et al. showed that extreme supination
resulted in a deviation of 7–10 mm both TAT and EHLT.
The effect of rotation on EHTL was greater in living volun-
teers than in the cadaveric samples, probably due to the
removal of the support band in the latter9.

Using ankle joint MRI images of 53 volunteers,
Tiftikçi et al. compared the distance of the midpoints of
TAT, EHLT, DPA, and AT from the center of the talus at
a level 2 mm from the distal tibial articular surface and
2 mm from the talar articular surface. The AT was ana-
tomically closest to the center of the ankle joint. Statistical
analysis showed that the AT,

the DPA, and the EHLT were significantly closer to
the center of the ankle joint11. However, it should be noted
that the study sample did not include patients with osteoar-
thritis and tibial torsion deformity.

The EHLT begins at the level of the lower third of the
tibia and ends at the distal phalanx of the toe. The EHLT,
EDLT, and TAT dorsiflex the ankle. The TAT is most obvi-
ous in plantar flexion. To avoid confusion between the EHLT
and EDLT during the surgery, the EHLT can be identified

Fig. 4 The proximal and distal thirds of the

anterior tibial margin
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Fig. 5 The proximal and distal thirds of the anterior tibial margin. The

tibial pole shouldbe parallel to the black line.

Fig. 6 The medial third of the patellar ligament insertion and the distal

quarter of the anterior tibial margin. The tibial pole should be parallel to

the red line.
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preoperatively by active and passive dorsiflexion and plantar
flexion of the ankle and marked before the patient is anes-
thetized. The TAT is the easiest to palpate; even in obese
patients, the TAT can be palpated under anesthesia. How-
ever, it is located too medially. When the distal reference
point of the tibial osteotomy is too medial, postoperative tib-
ial prosthesis valgus deformity may result. The AT is located
posterior to the ankle, and existing extramedullary alignment
devices cannot be applied directly intraoperatively.

Patients with end-stage osteoarthritis of the knee may
also have developmental joint deformities such as bunion
deformity, subtrochanteric deformity, and forefoot and
hindfoot deformities. Such deformities also affect the travel
of the tendons17,18.

Hino et al. examined how TAT, EHLT, Akagi line
angle, femoral tibial angle (FTA), hallux valgus angle (HVA),
and knee valgus angle (KVA) on MRI images were related to
the forefoot deformity index of 61 patients with knee osteo-
arthritis. EHLT, FTA, HVA, and KVA were not found to be
related to the severity of deformity and tibial torsion8. The
study validated the possibility of using the EHLT as the distal
reference point to achieve extramedullary alignment.

There were no studies on the use of EHLT, TAT, AT,
and EDLT as markers for determining postoperative lower
extremity force lines, prosthesis alignment, or outcomes of
distal tibial osteotomy. The use of tendons for these purposes
needs further study.

Second Metatarsal
The manual for the use of TKA surgical instruments recom-
mends that the distal end of the tibial cutting block’s locating

rod should point toward the second metatarsal when
extramedullary alignment examination is performed Fig. 7).

Tsukeoka et al. studied a sample of patients with osteo-
arthritis and rheumatoid arthritis.6 The angle between the
projected lines of the mechanical axis of the tibia and
the longitudinal axis of the tibial cutting guide in the plane
perpendicular to the Akagi line and the mechanical axis of
the tibia was measured. �3� as meeting the criteria, when
the base of second metatarsal (Fig. 8A) and the distal meta-
tarsal (Fig. 8B) were used as reference points, resulting in a
statistically significant difference in the number of extremes
between the two groups. There was no significant difference
in the rheumatoid arthritis group, and the prosthesis align-
ment error showed significant positive correlation with the
angle between the second metatarsal and the Akagi line6.
The authors recommended the use of the base of the second
metatarsal as a reference point. However, it should be noted
that the preoperative neutral ankle position in this article
may be different from the intraoperative position.
Intraoperative rotation of the ankle joint, both pronation
and supination, can affect the accuracy of the tibial cut. This
is especially true in rheumatoid arthritis with ankle joint
involvement. Therefore, it is not advisable to use the second
metatarsal as the only distal marker for extramedullary posi-
tioning of the tibia.

Rotational errors occur mainly in the proximal tibia
and increase with the distance between the bone and the
locating bar19. This is why the abnormality rate is signifi-
cantly reduced when the positioning rod is pointed toward
the base of the second metatarsal. The use of the second
metatarsal as a reference point is an improvement on the

Fig. 7 The red arrow should point toward the

second metatarsal.

1687
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 5 • JULY, 2021
CORONAL ALIGNMENT DURING TKA



existing extramedullary guidance system: it does not increase
the cost of the procedure, does not prolong the operation
time, and can be used with all existing extramedullary guid-
ance systems. However, with the use of a tendon as a refer-
ence point, accuracy can be affected by ankle position and
pedal deformity.

Dorsal Pedal Artery
The DPA is a continuation of the anterior tibial artery in the
front of the ankle. It is located deep to the EHLT and travels
along its lateral aspect, adjacent to the approximate center of
the ankle joint (Fig. 3). The DPA can be palpated at the most
prominent part of the dorsal aspect of the navicular bone.
Sugimura et al. used Doppler ultrasound to identify the exact
location of the DPA. In patients with osteoarthritis and rheu-
matoid arthritis, the location of EHLT and DPA may be closer
to the center of the ankle: the DPA may be 0.4 � 3.4 mm
more laterally located, the EHLT 0.7 � 3.5 mm more medially
located, the EDLT 5.7 � 3.1 mm more laterally located, and
the TAT 12.0 � 3.3 mm more medially located12. Dorsiflexion
of the foot increases skin tension and obscures the pulsation
of the DPA. Stretching of the skin during plantar flexion may
also make palpation of the DPA pulsation difficult20. In addi-
tion, the DPA pulsation is not palpable in 3.1%–13.8% of
healthy individuals21 and may be diminished or absent in
obese patients and in those with atherosclerosis and peripheral
vascular disease20. Intraoperatively, wrapping of multiple
layers of sterile towel sheets around the ankle and the use of
inflatable lower extremity tourniquets makes location of the
DPA difficult. In contrast to the DPA, the location of
the EHLT and TAT can be marked either before or after

tourniquet inflation, and then easily identified during surgery.
Thus, the DPA should not be used as the only distal marker
for extramedullary alignment of the tibia.

Medial and Lateral Ankle Midpoints
The tibial extramedullary guided bilateral ankle technique is
used because the center of the medial and lateral ankle is
close to the midpoint of the talus (Fig. 9). The ankle center
is located 3–5 mm medial to the midpoint of the line con-
necting the medial and lateral ankles14. According to
Tsukeoka et al., the distance between the soft tissue center
and the true ankle center is only 4.5 mm at the most22.

The ankle clip of the extramedullary guide is fixed to
the distal tibia, but it does not capture the most medial
point of the medial ankle and the most lateral point of the
lateral ankle, so it is unclear how much lateral error
should be considered in determining the center of the
ankle, the disadvantage of which can be difficult during
surgery because the sterile sheet is wrapped to locate the
medial 3–5 mm. Shigeki analyzed CT data, found that the
mean offset distance with reference to the tibial AP axis
was 1.8 � 0.9 mm medial to the intermalleolar midpoint
on the coronal plane. The intermalleolar midpoint in the
coronal plane is a reliable landmark for the ankle center
during TKA23.

Another article similarly confirmed that the tibial
mechanical axis was approximately 2 mm medial to the
center of the ankle on anteroposterior view. Tibial mechani-
cal axis marked on the skin could be referred to osteo-
tomize the tibial plateau24. However, the ankle clip of

Fig. 8 The red arrow should point toward the

second metatarsal, A: the base of second

metatarsal, B: the distal metatarsal, C: the

medial edge of the patellar tendon

attachment.
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the extramedullary guide is not affected by the movement
of the ankle.

Anterior Tibial Border

The tibia is trigonous in shape. The anterior edge of the
tibia and the medial aspect are covered only by skin. It is

therefore a convenient anatomical marker for extramedullary
alignment. Unlike the bony and soft tissue markers around the
ankle, the tibia is not affected by ankle deformity or the pres-
ence of excessive soft tissue in obese patients.

The two main tibial reference lines are the line con-
necting the proximal third and the distal third of the tibial
anterior margin13, and the line connecting the medial third of
the patellar tendon and the distal quarter of the tibial anterior
margin. Both of these lines were found to be almost parallel to
the mechanical axis in the study by Fukagawa et al., where
they analyzed CT scan data using 3D imaging software and
measured the angles made by 10 axes to the mechanical axis
in the coronal and sagittal planes25.

The median line connecting two points located in
the middle of the tibia and 5 mm proximal to the ankle
joint, and a line at 58% and 90% of the length of the tibia,
are the most significant anatomical references parallel to
the mechanical axis of the tibia26.

In a study by Gianluca Cinotti et al., the tibial crest
cannot be considered as a primary anatomical landmark for
the coronal alignment of the tibial component in Caucasian
patients. In cases where it is difficult to improve the align-
ment of a total knee arthroplasty using multiple reference
points, the axis of the proximal body projection of the tibial
mechanical axis connected to a point 23% of the length of

the tibia can be used as a reference27. In the other article,
Tadashi et al. demonstrated that the tibial crest in the coro-
nal planes could be useful guidelines in performing TKA,
even if the patient has tibial bowing or severe varus
deformity28.

Proximal reference points (such as the medial edge of
the patellar tendon) are too medial, and so tend to result in
internal valgus deformity. Similarly, the distal reference
points (midpoint of the tibial tuberosity and proximal quar-
ter of the tibia) are too lateral, and so lead to valgus
deformity.

Osteotomy performed using only marker points at
the anterior tibial margin may be influenced by the physio-
logic torsion of the tibia and the thickness of the subcuta-
neous soft tissues, and so the extent of the tibial deformity
should be preoperatively determined on tibial orthotopic
radiographs.

In a study of tibial torsion, the center of the ankle was
found to be shifted 9–11 mm laterally relative to the proxi-
mal tibial axis. The anteroposterior axis of the ankle
(i.e., anterior projection of the center of the talus) was on
average 19�–27� externally rotated compared to the proximal
tibial anteroposterior axis (the line connecting the insertion
of posterior cruciate ligament of the tibial platform and the
medial edge of the tibial tuberosity)29.

Trigonometric analysis of the effect of different rota-
tional alignments of the proximal and distal
anteroposterior axes on the coronal plane of the tibial
osteotomy showed that a 2 mm external displacement of
the distal end resulted in 0.88� of internal rotation of the
osteotomy, implying that a 10 mm external displacement

Fig. 9 The red arrow should point to the

medial and lateral ankle midpoints.
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would result in 4.4� of internal rotation of the tibial osteo-
tomy. To compensate for the external rotation of the
ankle and to avoid tibial osteotomy with internal rotation of
the incision, the distal end of the extramedullary guide should
be internally relocated; however, it is not clear how much inter-
nal displacement is required19.

Assuming a tibial length of 160 mm (160 mm � tan
(1�) = 5.25 mm), a difference of approximately 5 mm in the
horizontal plane would result in only a 1� change in coronal
plane alignment, and an error of more than 15 mm in the
horizontal plane would result in a 3� deviation in alignment
with the mechanical axis of the limb.

Because the proximal tibial cut involves coronal and
sagittal alignment, the internal rotation is further exacerbated
if the extramedullary guide is laterally displaced distally, as
the posterior inclination of the tibial osteotomy changes to a
posterior medial tibial slope in this case.

In TKA surgery, rotational mismatch between the
proximal tibia and the ankle has significant impact on
the accuracy of the proximal tibial cut29. Rotational errors
occur primarily in the proximal tibia and increase with the
distance between the bone and the positioning bar19. The
closer the distal tibial reference point is to the proximal tibia,
the greater the error in the coronal plane angle. Therefore, to
reduce the error, a reference point that is distal to the bone
surface is preferred.

Effect Analysis
The coronal tibial component angle (CTA) is the medial
angle between the mechanical axis of the tibia and the

horizontal axis of the tibial tray on the AP radiographs. CTA
on the medial side was measured using protractor. Angles of
90 � 3� were accepted as the normal boundaries; less than
87� was considered varus, and more than 93� was considered
valgus.

The mechanical axis of the lower extremity is defined
as the hip-knee-ankle angle (HKA), which is, the medial
angle formed by the mechanical axis of the femur and the
mechanical axis of the tibia. The mechanical axis of
the femur was defined as the connection between the center
of the femoral head and the midpoint of the femoral compo-
nent. The mechanical axis of the tibia are defined as connec-
tion between the center of the tibia prosthesis and the center
of the ankle joint.

In a study by Bilgen et al., the mean value of the
medial angle of the tibial prosthesis was 89.4% (89.17� when
the EHLT was used as the distal marker and 88.57�

when the second metatarsal was used as the distal marker),
there was no significant difference in mean CTA between
groups (P = 0.124); however, the authors reported that
69.8% of the cases in the two groups had <2� external and
internal valgus, respectively, The number of tibial compo-
nents with alpha angles in the normal range was significantly
higher in the ERT group (P = 0.017)7 (Table 1).

A study reviewing the alignment of postoperative tibial
prostheses in a total of 212 knee replacements in 188 patients
with the TAT as the reference point, found that 191 (90.1%)
tibial prostheses were well-aligned. There were five postoper-
ative valgus osteotomies and 16 postoperative internal valgus
osteotomies. Of the 196 knees with internal rotation

TABLE 1 Coronal alignment of the tibial prostheses

Reference points

Mean
age (years) Follow-up Time

Total
number of
patients

Evaluation of alignment

Proximal Distal
CTAa, mean � standard

deviation (range) 87�<CTA<93�

Nishikawa et al.30

Surgeon’s subjective judgment using bony and
soft tissue landmarks

74.4 Jan 2007 to Mar
2010

114 89.6� � 1.8� (85.7� to 93.8�) n = 102 (87.2%) P < 0.05b

Proximal one-third
of the anterior
border of tibia

Distal one-third of the
anterior border of tibia

76.8 Oct 2010 to Sep
2013

74 89.3� � 1.6� (84.5�–92.7�) n = 71 (95.9%)

Sasanuma et al.13

Center of the
proximal tibia

Center of the ankle 75 Dec 2009 to Oct
2010

97 90.1� � 2.2� n = 85 (88%) P = 0.97

Proximal one-third
of the anterior
border

Distal one-third of the
anterior border of tibia

72 Oct 2010 to May
2012.

76 90.1� � 2.5� n = 64 (84%)

Bilgen et al.7 88�<CTA<92�

Not mentioned Extensor hallucis longus
tendon

68.3 2004 to 2006 47 89.17 � 1.74� (84�–93�) n = 42 (89.4%) P = 0.017

Second metatarsal 70.2 2006 to 2008 53 88.57 � 2.11� (84�–93�) n = 37 (69.8%)

a The coronal tibial component angle (CTA) is the medial angle between the mechanical axis of the tibia and the horizontal axis of the tibial tray. CTA was mea-
sured from bipedal-stance, weight-bearing, full-length standing radiographs of the operatively treated limb; b P < 0.05: the proportion of cases achieving ideal align-
ment by the two methods was significantly different between the two groups.
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deformity preoperatively, 17 (8.7%) had poor force lines of
the prosthesis postoperatively; the caliper test was not statis-
tically correlated after correction (P = 0.096)31.

In contrast, the line connecting the medial third of the
patellar tendon and the distal third of the tibia, and the line
connecting the proximal third and distal third of the tibia, had
the smallest interval of angular variation from the mechanical
axis with a standard deviation of 0.78 and an angular range of
�1.88� to 1.98�. All were within an acceptable range of 3�.
when the latter method was used that showed a greater inter-
individual variation in the angular range of �3.5� to 3.1�.
Three groups of 99% of the knee mechanical axes were within
3� of each other: the medial one-third of the patellar tendon
and the anterior one-third of the distal tibial tuberosity, the
tibial tuberosity apex and the distal one-fourth of the tuberos-
ity, and the proximal one-third and distal one-fourth of the
anterior tibial tuberosity25.

In a clinical trial, Sasanuma et al. compared the accuracy
of proximal tibial osteotomy using a line connecting the proxi-
mal and distal third of the anterior tibial margin, and the tra-
ditional method (a line connecting the proximal tibia to the
center of the ankle). In terms of coronal alignment, the target
angle (with �3� deviation) was achieved in 84% and 88% of
cases, respectively. The postoperative tibial prosthesis angle
and the lower extremity force line angle were not significantly
different in the two methods (P = 0.97)13 (Table 1).

In a similar clinical trial, Nishikawa et al. compared the
line joining the proximal third and distal third of the anterior
tibial margin (method A) as a reference line for the coronal
plane mechanical axis with the traditional method (method
B). The mean coronal tibial prosthesis angle (CTA) was
89.6� � 1.8� (85.7�–93.8�) for method A vs 89.3� � 1.6�

(84.5�–92.7�) for method B. The mean HKA angle was
179.3� � 3.6� (168.4�–187.6�) for method A vs 178.5� � 3.1�

(171.8�–185.5�) for method B. The mechanical axis angles did
not differ between the two groups, but the proportion of cases
achieving ideal alignment by the two methods was signifi-
cantly different: 87.2% (102/117) with method B vs 95.9%
(71/74) with method A; there was a significant difference in
ideal CTA between the two groups30 (Table 1).

In a study by Tadashi et al., the author used 3D imag-
ing software to analyze the angle of the tibial crest deviating
from the mechanical axis on the coronal plane, and found
that the average angle of the tibial crest-tibial mechanical
axis was 0.7� � 0.9�(1.7� – 3.8� varus) on the coronal plane,
and 98% (100% female) of the patients had the tibial crest 3�

away from the mechanical axis28.

Discussion

A study by Nishikawa et al. proved that the proximal
one-third and the distal one-third of the anterior tibial

border were reliable landmarks for the tibial extramedullary
alignment guide in TKA30. In a clinical trial, Sasanuma et al.
proved that the proximal and distal one-third of the tibia
provides good coronal alignment and better accuracy for the
posterior tibial slope compared with the conventional

method13. In a study by Bilgen et al., the EHL tendon is a
reliable anatomical landmark to use with extramedullary
guide systems and improves coronal alignment7. Hino et al.
proved that using EHLT results in more accurate lower limb
alignment than previously reported reference points8. The
fibular shaft axis does not appear to be a reliable intra-
operative land mark among patients with osteoarthritis who
underwent conventional TKA32.

During TKA, poor alignment leads to uneven load dis-
tribution on the tibial platform, increased prosthetic subsi-
dence, and accelerated polyethylene wear33. Valgus alignment
produces greater strain and bone fatigue3. Inversion of the
tibial platform by >3.0� leads to overload on the cancellous
bone of the medial tibia and is the most common cause of
TKA failure34. Kinematic alignment is defined as the axis of
knee flexion and extension not perpendicular to the mechan-
ical axis after placement of the femoral and tibial compo-
nents. The femoral and tibial components are repositioned
according to this anatomical axis35. However, in studies
examining motion alignment, the patellofemoral and
tibiofemoral peak contact stresses were increased by 200%
and 270%, respectively36.

Ritter et al. found that tibiofemoral prosthesis
implantation with internal rotation and femoral prosthesis
implantation with >8� external rotation were associated
with increased rates of revision surgery. If the femoral
implant is poorly aligned, the revision rate is high even
when the tibial implant alignment is corrected to achieve
neutral alignment of the entire limb37.

During placement of the prosthesis, the surgeon needs
to consider alignment in the coronal, sagittal, and axial
planes. Coronal alignment is mainly achieved by adjusting
the ankle clamp and using the TAT or EHLT to represent
the center of the ankle. The method relies on the surgeon’s
subjective judgment of whether or not the extramedullary
positioning bar is aligned coronally with the mechanical axis.
Coronal alignment requires the transverse axis of the pros-
thesis to be perpendicular to the mechanical axes of the
femur and tibia. This places the prosthesis in the centre of
the lower limb force line.

In the sagittal plane, the posterior tibial inclination
angle is roughly determined by the surgeon manually
adjusting the distance between the extramedullary posi-
tioning rod and tibial anterior margin. Reference to the
long axis of the fibula and the anterior tibial cortex has
also been proposed38. Deviations in the angle of osteotomy
may occur throughout the osteotomy process and result in
poor alignment of the prosthesis during placement. Sagit-
tal alignment is usually necessary to maintain a reasonable
posterior angle of inclination. Both the physiologic poste-
rior angle of the tibial platform and the type of prosthesis
must be taken into consideration. The significance of the
posterior inclination is to maintain the tension of the cru-
ciate ligament and to allow the femur to rotate and roll
properly, relative to the tibial platform during lower
extremity motion, to facilitate knee flexion. However,
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there is no standard posterior inclination angle for tibial
osteotomies.

The inter-epicondylar axis of the femur is the mechanical
axis of knee flexion and extension. It can be used to determine
the internal and external rotation of the femoral prosthesis, and
with regard to axial rotational alignment, it is now generally
accepted that the line connecting the medial edge of the tibial
tuberosity to the midpoint of the posterior cruciate ligament
and the curved bend of the anterior edge of the tibia are reliable
reference lines for rotational alignment39.

Despite improvements in surgical techniques and surgical
instruments, target alignment is achieved in only 70%–80% of
patients with the use of extramedullary guides40. Inaccurate
osteotomy can result from various factors, including individual
variations in osseous structures and the surgeon’s subjective
judgment errors during positioning.

Computer navigation techniques are increasingly being
used to improve alignment during TKA. Some reports compar-
ing accuracy of postoperative prosthesis alignment with con-
ventional TKA and computer-assisted surgery have shown
smaller deviations from coronal tibiofemoral alignment and
fewer outliers (more than �3� deviation) with the latter41.
However, the long-term efficacy of navigation TKA in improv-
ing alignment accuracy is has not yet been established.

Because the tibia exhibits physiologic torsion—with the
degree of torsion varying from individual to individual—
many patients with knee deformities also have foot deformi-
ties. In patients with ankle deformity, the mechanical axis
may not be correctly identified when the second metatarsal
or a point 3–5 mm medial to the center of the ankle are used
as the reference. Precise positioning of points at the anterior
edge of the tibia (one-third and one-quarter of the full length
of the tibia) is also difficult during surgery.

In patients with end-stage osteoarthritis in TKA, valgus
knee deformity is related to hindfoot inversion position and
valgus knee deformity to hindfoot valgus position. Most of the
compensation for deformities from the hindfoot to the knee
occur in the subtalar joint. Therefore, when TKA is considered
in patients with knee arthritis, the surgeon should carefully look
for the presence of any hindfoot deformity17. When this is pre-
sent, tendons around the second metatarsal and ankle joint
may be affected. Hino et al. found that tendon position is not
related to bunion angle, forefoot deformity index, and knee val-
gus angle,8 but there are few other reports in the literature, and
so further research is necessary.

Previous studies have tended to focus on the ankle
joint and did not consider the knee and ankle joints as a
whole. The actual position of the ankle joint during the TKA
procedure was not simulated. The actual relationship

between the center of the ankle and the tendons during sur-
gery may be inaccurate. The use of the tendon as a distal ref-
erence point is also susceptible to differences in patient body
mass index and ankle fat thickness.

Osteotomy deviations occur due to anatomical differ-
ences in the tibia or the soft tissues, or due to inconsistencies
in the ankle position, making it impossible to have a stan-
dardized osteotomy reference point. Therefore, it is impor-
tant to find a reliable reference axis for the coronal
alignment of the tibial osteotomy applied during surgery. It
is also advisable to use multiple anatomical landmarks as ref-
erences to reduce errors in the alignment of components.

Prospects
Osteoarthritis of the knee can cause changes in the alignment
of the lower extremity in all planes. Severe knee deformity
results in limited flexion and extension and may lead to
other lower extremity deformities. Therefore, the key to suc-
cessful knee replacement is to ensure proper osteotomy vol-
ume and soft tissue balance. The amount of osteotomy
directly affects the position of the joint line and the balance
of flexion and extension. Excessive osteotomy can result in
unstable flexion, while too little osteotomy can result in a
limitation of extension. Restoration of the anatomical align-
ment in various planes, accurate osteotomy volumes in the
medial and lateral tibial plateau, and accurate reconstruction
of the lower extremity force line are key to maintaining the
longevity of the prosthesis. As surgical techniques improve,
surgeons seek better post-replacement knee function. How-
ever, studies published to date have not been able to conclu-
sively prove the superiority of any specific alignment
method; therefore, multiple alignment methods continue to
be used in clinical practice. More clinical trials and imaging
data are needed to identify the best alignment method for
accurate coronal osteotomy. As the theories of force align-
ment continue to advance, different distal reference points
can be selected based on preoperative measurements of the
internal and external valgus angles, and can be verified intra-
operatively by force line rods. In our opinion, use of combi-
nations of different reference points on the lower extremity
force line will help achieve the ideal lower extremity force
line angle.
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