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Abstract

Introduction We determined (1) the range of the hip—knee—
ankle (HKA) angle in the native or pre-arthritic limbs of
patients with a contralateral total knee arthroplasty (TKA);
and when mechanical alignment is planned (2) the relation-
ships between the HKA angle and the tibial width, and the
relative narrowing between the medial and lateral com-
partments and (3) the effect of tibial width on the range of
narrowing.

Methods The HKA angle, distal lateral femoral angle
(DLFA), and proximal medial tibial angle (PMTA) were
measured on the native limb of 102 subjects (53 female)
treated with contralateral TKA. The sine of the angle of the
resection gap (PMTA minus 90° subtracted from the DLFA
minus 90°) multiplied by the tibial width and by narrow
(59 mm), average (75 mm), and wide (91 mm) tibias com-
puted relative narrowing.

Results The HKA angle ranged from 8° varus to — 7° val-
gus; 20% had constitutional varus (> 3°) and 11% constitu-
tional valgus (< — 3°). The HKA angle strongly predicted
(> = 0.87) and tibial width weakly predicted (> = 0.06)
relative narrowing. For narrow, average, and wide tibias,
the maximum medial narrowing was 9, 11, 14 mm and
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maximum lateral narrowing was 7, 9, and 11 mm, respec-
tively (p < 0.0001).

Conclusion When mechanical alignment is planned, there
is greater relative narrowing between compartments when
the pre-arthritic limb greatly deviates from a 0° HKA angle
and the tibia is wide. These limbs may need soft-tissue
releases until neutral postoperative limb alignment of 0° and
negligible varus—valgus laxity are achieved.

Level of evidence 1V, therapeutic study.

Keywords Knee arthroplasty - Mechanical alignment -
Soft-tissue release

Introduction

One tenet of total knee arthroplasty (TKA) is that postopera-
tive limb alignment or hip—knee—ankle (HKA) angle within
0° + 3° promotes implant durability. The HKA angle is the
angle between a line connecting the center of the femoral
head to the center of the knee and a line connecting the
center of the knee to the mid-width of the talus [1, 2]. Man-
ual instruments, computer-assisted navigation, robotics, and
patient-specific instrumentation that perform mechanical
alignment are designed to achieve a neutral or 0° HKA angle
with the intent of promoting durability and improving func-
tion [3]. However, recent studies have shown that implant
survival and function with a postoperative limb alignment
within 0° + 3° are not better from those outside this range
at up to 15 years after implantation [2, 4—14].

A substantial number of patients exist for whom mechani-
cal alignment of the native or pre-arthritic limb to a 0° HKA
angle is abnormal (Table 1). Native limbs with a HKA angle
of > 3° have constitutional varus and those with < — 3° have
constitutional valgus [2, 12, 15-17]. Mechanical alignment
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Table 1 Range of native hip—knee—ankle angle and proportion with constitutional varus and valgus by country, sex, and age

Study Country, sex, and age of subjects with native limbs Range of native hip— Proportion with constitutional
(N = number of subjects) knee—ankle angle varus (> 3°) and valgus (< — 3°)
(%)
Present study United States, 49 males and 53 females, 4689 years 8° varus to — 7° valgus 20 and 10
(N=102)

Song et al. [17] Korea, females only, 20-39 years (N = 118) 7° varus to — 4° valgus 20 and 1

Shetty et al. [15] Korea, 47 males and 47 females, 20-39 years (N = 94) 11° varus to — 5° valgus 35 and O

Shetty et al. [15] India, 55 males and 45 females, 20-39 years (N = 100) 12° varus to — 5° valgus 34 and 5

Bellemans et al. [2] Belgium, males only 20-27 years (N = 125) 8° varus to — 4° valgus 32 and 2

Bellemans et al. [2] Belgium, females only, 20-27 years (N = 125) 7° varus to — 5° valgus 17 and 3

Eckhoff et al. [12]
(N =90)

United States, 20 males and 70 females, unknown age

12° varus to — 16° valgus 25 and 12

of a pre-arthritic limb with a HKA angle different from 0°
creates a joint line congruency angle different from 0° (i.e.,
angle between a line tangent to the distal femur and a line
tangent to the proximal tibia) that indicates relative narrow-
ing between medial and lateral compartments (Figs. 1, 2)
[2, 12, 16, 18]. A HKA angle different from 0° would likely
require some degree of soft-tissue release on the narrow side
to equal the gap on the wide side until a neutral postop-
erative limb alignment of 0° is achieved and the negligible

8°Varus
HKA Angle

Resections Change
Native 0° Joint Line
| Congruency Angle to 8°

Fig. 1 Composite views of a scanogram of the native or pre-arthritic
right limb (left) and knee (center and right) of a patient with consti-
tutional varus and a hip—knee—ankle (HKA) angle of 8° showing the
planned distal femoral resection (pink line) 90° perpendicular to the
mechanical axis of the femur (upper blue line) and the planned proxi-
mal tibial resection (green line) 90° perpendicular to the mechanical
axis of the tibia (lower blue line). The resections changed the native
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varus—valgus laxity of the native knee in extension is
restored [2, 12, 19-22]. When treating pre-arthritic limbs
with the same HKA angle, the extent of soft-tissue release
would likely be greater for wider than narrower tibias.

The proportion of patients with a mechanically aligned
TKA treated with a soft-tissue release widely varies. One
study reported that 56% of patients required one or two
releases and 10% required three or more releases [23],
whereas another only 2% [24]. Physical examination

Constitutional Varus (>3° HKA angle)

10 mm of Medial
Compartment Narrowing |

82 mm Tibial Width
at Resection Level

0° joint line congruency angle to 8°. Ten millimeters of relative nar-
rowing in the medial compartment (short vertical orange line) was
computed for a tibial width of 82 mm. Release of the medial soft tis-
sues (orange curvilinear line) is needed until a postoperative HKA
angle and a joint line congruency angle of 0° are achieved and the
negligible varus—valgus laxity of the native knee in extension is
restored
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-7°Valgus
HKA Angle

Fig. 2 Composite views of a scanogram of the native or pre-arthritic
right limb (left) and knee (center and right) of a patient with constitu-
tional valgus and a hip—knee—ankle (HKA) angle of — 7° showing the
planned distal femoral resection (pink line) 90° perpendicular to the
mechanical axis of the femur (upper blue line) and the planned proxi-
mal tibial resection (green line) 90° perpendicular to the mechanical
axis of the tibia (lower blue line). The resections changed the native

easily detects relative narrowing of > 2 mm, which is
often adjusted by changing the varus—valgus position of
the components, exchanging the thickness of the tibial
insert, and/or releasing soft tissues to fine-tune stability
[11, 13,21, 22, 25]. Knowing the variability of the pre-
arthritic HKA angle, the relationships between the HKA
angle and tibial width and relative narrowing, and the
proportion of patients with > 2 mm of relative narrowing
might provide insight into the need for soft-tissue release
when performing mechanical alignment.

Accordingly, this study asked: (1) What is the range of
the HKA angle and the proportion of constitutional varus
and valgus in native or pre-arthritic limbs of patients
treated with a contralateral TKA? (2) How strongly does
the HKA angle of the native limb and the width of the
tibia predict the relative narrowing between compart-
ments when planning mechanical alignment? and 3) For
narrow (59 mm), average (75 mm), and wide (91 mm)
tibias, what is the range and proportion of pre-arthritic
knees with > 2 mm of relative narrowing when planning
mechanical alignment?

Constitutional Valgus (< -3° HKA angle)

9 mm of Lateral
Compartment Narrownng

—

79 mm Wid
e Tibj
at Resect:on Levea;

0° joint line congruency angle to — 7°. Nine millimeters of relative
narrowing in the lateral compartment (short vertical orange line) was
computed for a tibial width of 69 mm. Release of the medial soft tis-
sues (cyano curvilinear line) is needed until a postoperative HKA
angle and a joint line congruency angle of 0° are achieved and the
negligible varus—valgus laxity of the native knee in extension is
restored

Methods and materials

With approval of our institutional review board (IRB
918840-1), we retrospectively identified all patients in our
registry that fulfilled the Centers for Medicare and Medicaid
Services guidelines for medical necessity and were treated
with primary TKA between August 2014 and March 2016.
On the day of discharge, each patient had computer tomo-
graphic (CT) scans consisting of an anteroposterior, rota-
tionally controlled, non-weight-bearing, long-leg scanogram
of both limbs and axial images of both knees [26-28]. Two
authors (AJN and AKS) selected all subjects in which the
anteroposterior scanogram showed a native or pre-arthritic
limb with the patella centered between the most medial and
lateral edges of the condyles of the distal femur. Subjects
were included when the native knee had a 0° joint line con-
gruency angle on the CT scanogram and on the coronal
reconstruction of the axial images (Fig. 3). A 0° joint line
congruency angle is the angle of the joint space in the nor-
mal knee, which indicates a symmetric joint space with no
asymmetric narrowing [16, 29].
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Constitutional Valgus Limb:
Comparable Alignment in
Native Knee and
Kinematically Aligned TKA

Fig. 3 Two scanograms show comparable alignment between the
native limb and contralateral limb after performing a kinematically
aligned TKA without soft-tissue release in limbs with the most severe
varus (left image) and valgus (right image) constitutional alignment.
The 0° joint line congruency angle (parallel black lines) in the subject
with constitutional varus and constitutional valgus is the angle of the
joint space in the weight-bearing normal knee, which indicates sym-
metric medial and lateral joint space and no asymmetric narrowing.
Including native knees with a 0° joint line congruency angle mini-
mized bias in the computed values of relative narrowing even in the
presence of small osteophytes and subchondral sclerosis

Two authors (AJN and AKS) identified the following
landmarks described by Bellemans and measured the align-
ments using an open source medical image viewer (Horos,
http://www.horosproject.org) (Fig. 4) [2]. The center of the
femoral head was the center of a circle best-fit to the femo-
ral head. The center of the knee was the center of the width
of the distal femur at the distal joint line. The center of the
ankle was the center of the width of the talus at the ankle
joint. The mechanical femoral axis was the line from the
center of the femoral head to the center of the knee. The
mechanical tibial axis was the line from the center of the
knee to the center of the ankle. The mechanical alignment
of the limb was the HKA angle between the mechanical axes
of the femur and tibia (an angle more varus than neutral was
positive and more valgus than neutral was negative). The
distal lateral femoral angle (DLFA) was the lateral angle
between the distal femoral joint line and the mechanical
axis of the femur (varus > 90° and valgus < 90°) [30]. The
proximal medial tibial angle (PMTA) was the medial angle
between the proximal tibial joint line and the mechanical
axis of the tibia (varus < 90° and valgus > 90°) [31]. The
width of the tibia was measured at the level of the tibial
resection.
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-7° Constitutional
Valgus

8° Constitutional
Varus

Distal Lateral
Femoral Angle
(DLFA)

84588

800

Proximal Medial
Tibial Angle
(PMTA)

Fig. 4 Composite views of a scanogram of the native right limb with
8° constitutional varus (left) and — 7° constitutional valgus (right).
The distal lateral femoral angle (DLFA) is formed by the intersection
of the line tangent to the distal femoral joint line (magenta line) and
the mechanical axis of the femur (proximal blue line). The proximal
medial tibial angle (PMTA) is formed by the intersection of the line
tangent to the proximal medial tibial joint line (green line) with the
mechanical axis of the tibia (distal blue line)

Mechanical alignment was planned on the native limb
by simulating resections of the distal femur and proximal
tibia perpendicular to their respective mechanical axes. The
angle of the resection gap equaled the PMTA minus 90°,
which was subtracted from the DLFA minus 90° (+ medial
narrowing/— lateral narrowing) (Figs. 1, 2). The sine of the
angle of the resection gap multiplied by the tibial width and
by the narrow (59 mm), average (75 mm), and wide (91 mm)
tibias, which were selected from the offerings of a com-
mercially available tibial component (Vanguard, Zimmer
Biomet, Warsaw, IN, USA).

To quantify reproducibility, three observers (AJN, AKS,
SMH) independently measured the HKA angle, DLFA,
and PMTA on ten randomly selected CT scanograms. The
intraclass correlation coefficient (ICC) was computed for
each measurement with use of a two-factor analysis of vari-
ance (ANOVA) with random effects. The first factor was the
observer with three levels (observers 1, 2, and 3) and the
second factor was the patient with 10 levels. An absolute
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analysis was used. An ICC value of > 0.9 indicated excel-
lent agreement, 0.75-0.90 indicated good agreement, and
0.5-0.75 indicated moderate agreement (JMP, 12.1, http://
WWW.jmp.com).

The HKA angle > 3° was categorized as constitutional
varus and an angle < — 3° was categorized as constitutional
valgus. Continuous variables (i.e. angles) were reported
as mean + standard deviation (SD) and proportions were
reported as fractions (percentages). Step-wise regression
determined the strength of the relationships between the
hip—knee—ankle angle and the tibial width, and the relative
narrowing between the medial and lateral compartments.
Levene’s test determined whether the variances of the rela-
tive narrowing between compartments differed between
narrow (59 mm), average (75 mm), and wide (91 mm)
tibias (JMP, 12.1, http://www.jmp.com). Significance was
p <0.05.

Results

One hundred and two patients had a native or pre-arthritic
limb and a contralateral TKA. The average age was
68 + 8 years (range 46—89), 53 were females, and the body-
mass index averaged 29 + 5 kg/m’. The Kellgren Lawrence
classification of the knees treated with TKA was IV in
36%, III in 57%, and II 11% as determined from review of
preoperative standing full-extension and 45° flexion knee
radiographs.

The ICC was 0.95 for HKA angle, 0.95 for DLFA, and
0.79 for PMTA, which indicates good-to-excellent agree-
ment between the radiographic measurements made by three
observers. The HKA angle ranged from 8° varus to — 7° val-
gus. The proportion of native limbs categorized as constitu-
tional varus, constitutional valgus, or within 0 + 3° was 20%
(N =20; 14 male), 11% (N = 10; 2 male) and 71% (N = 72;
33 male), respectively (Fig. 5). The HKA angle strongly
predicted (> = 0.87) and tibial width weakly predicted
(r* = 0.06) relative narrowing when planning mechanical
alignment (Fig. 6). There were different ranges of relative
narrowing between the medial and lateral compartments for
narrow (59 mm), average (75 mm), and wide (91 mm) tibias.
For narrow, average, and wide tibias, the maximum medial
narrowing was 9, 11, 14 mm and maximum lateral narrow-
ing was 7,9, and 11 mm, respectively (p < 0.0001) (Fig. 7).
The percentage of knees with a > 2 mm medial narrowing
relative to the lateral compartment was 31% for 59 mm (nar-
row), 36% for 75 mm (average), and 40% for 91 mm (wide)
tibial widths. The percentage of knees with a > 2 mm lateral
narrowing relative to the medial compartment was 24% for
59 mm (narrow), 30% for 75 mm (average), and 33% for
91 mm (wide) tibial widths.
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Fig. 5 Column graph shows the distribution of the hip—knee—ankle
(HKA) angle of the native or pre-arthritic limb of the 102 subjects
treated with a contralateral TKA. The proportion of native limbs with
constitutional valgus was 10% and the proportion with constitutional
varus was 20%. The HKA angle ranged from — 7° valgus to 8° varus
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Fig. 6 Simple linear regression shows a strong linear relationship
(r* = 0.87) between the HKA angle of the native limb and the millim-
eters of medial (+) or lateral (—) relative narrowing between compart-
ments after planning mechanical alignment of the limb

Discussion

Categorizing the native or pre-arthritic limb as consti-
tutional varus or valgus has gained interest because per-
forming mechanically aligned TKA on these limbs causes
relative narrowing between the medial and lateral compart-
ments that would be abnormal and would likely require a
soft-tissue release until a postoperative HKA angle and a
joint line congruency angle of 0° are achieved and the neg-
ligible varus—valgus laxity of the native knee in extension is
restored [12, 16, 18-22, 25]. The most important findings of
the present study were that (1) the HKA angle ranged from
8° varus to — 7° valgus, (2) the HKA angle more strongly
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Fig. 7 Frequency distributions shows the ranges of relative narrow-
ing between medial and lateral compartments for narrow (59 mm),
average (75 mm), and wide (91 mm) tibias. Relative narrowing
ranged from 9 to 7 mm for narrow tibias, 11-9 mm for average tibias,
and 14-11 mm lateral for wide tibias (p < 0.0001)

predicted relative narrowing between the medial and lat-
eral compartments than tibial width, and (3) the proportion
of knees with a > 2 mm narrowing was up to 44% in the
medial compartment and 33% in the lateral compartment
when planning mechanical alignment on the native knee.

Two limitations might affect the generalizability of the
findings. First, the inclusion of native knees with undetected
osteoarthritis resulting in asymmetric narrowing between
the medial and lateral joint spaces might have caused bias
in the computed values of relative narrowing. This bias was
minimized by including only native knees with a 0° joint
line congruency angle and a symmetric medial and lateral
joint space, which is the angle and symmetry of the joint
space in the weight-bearing native knee [16, 29] (Fig. 3).
Second, variability in the rotational position of the native
limb might have caused measurement inaccuracies by the
observers. These errors were minimized by selecting only
those native limbs that showed the patella centered on the
distal femur on the anteroposterior scanogram.

The range of the HKA angle of the native limb and pro-
portion categorized as constitutional varus or valgus in the
present study adds to the growing body of evidence that a
substantial number of native limbs do not have a neutral
HKA angle prior to the onset of osteoarthritis (Table 1) [12,
15, 17, 25]. The 8° varus to — 7° valgus range of the HKA
angle is comparable to the 7°-12° range of maximum varus
and the — 4° to — 16° range of maximum valgus reported for
subjects in Korea, India, and Belgium. Similarly, the 20%
with constitutional varus and 10% with constitutional val-
gus are comparable to the 17-35% with constitutional varus
and the 0-12% with constitutional valgus reported for sub-
jects from Korea, India, and Belgium. Hence, patients from
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different countries often have a pre-arthritic HKA angle out-
side 0° + 3°, and constitutional varus is more frequent than
constitutional valgus.

The present study provides a biomechanical explanation
for the variability in the proportion of patients that require
soft-tissue release, the number of releases, and the extent of
the release when mechanical alignment is used to achieve a
postoperative limb alignment of 0°. The HKA angle strongly
predicted and the tibial width weakly predicted the relative
narrowing and the proportion of knees with a > 2 mm nar-
rowing. Over-tight soft tissues on the narrow side and exces-
sive varus—valgus laxity on the wide side might be perceived
by patients as pain, stiffness, instability, and/or limited flex-
ion after TKA [19, 21, 22]. Limbs with larger pre-arthritic
HKA angles and knees with wider tibias might require
greater medial or lateral soft tissue release on the narrow
side to achieve a neutral postoperative limb alignment of 0°,
a 0° joint line congruency angle, and to restore the negligi-
ble varus—valgus laxity of the native knee in extension [2,
12, 19-22]. Difficulty in achieving a balanced extension gap
with negligible varus—valgus laxity even with meticulous
attention to technique was reported by Insall [32].

Conclusion

When mechanical alignment is planned, there is greater rela-
tive narrowing between compartments when the pre-arthritic
limb greatly deviates from a 0° HKA angle and the tibia is
wide. These limbs may need a soft-tissue release until a neu-
tral postoperative limb alignment of 0° is achieved, and a 0°
joint line congruency angle and the negligible varus—valgus
laxity of the native knee in extension are restored.

Compliance with ethical standards

Conflict of interest On behalf of all authors, the corresponding au-
thor states that there is no conflict of interest.

Funding The authors have not received grant support or research
funding and do not have any proprietary interests in the materials
described in the article.

Ethical approval
(IRB 918840-1).

An institutional review board approved this study

Informed consent For this type of study formal consent is not
required.

References

1. Jeffery RS, Morris RW, Denham RA (1991) Coronal alignment
after total knee replacement. J Bone Jt Surg Br 73(5):709-714



Arch Orthop Trauma Surg

10.

11.

12.

13.

14.

15.

16.

17.

Bellemans J, Colyn W, Vandenneucker H, Victor J (2012) The
Chitranjan Ranawat award: is neutral mechanical alignment nor-
mal for all patients? The concept of constitutional varus. Clin
Orthop Relat Res 470(1):45-53. doi:10.1007/s11999-011-1936-5
Allen MM, Pagnano MW (2016) Neutral mechanical align-
ment: is it necessary? Bone Jt J 98-B(1 Suppl A):81-83.
doi:10.1302/0301-620X.98B1.36403

Bonner TJ, Eardley WG, Patterson P, Gregg PJ (2011) The effect
of post-operative mechanical axis alignment on the survival of pri-
mary total knee replacements after a follow-up of 15 years. ] Bone
Jt Surg Br 93(9):1217-1222. doi:10.1302/0301-620X.93B9.26573
Matziolis G, Adam J, Perka C (2010) Varus malalignment has
no influence on clinical outcome in midterm follow-up after total
knee replacement. Arch Orthop Trauma Surg 130(12):1487-1491.
doi:10.1007/s00402-010-1064-9

Morgan SS, Bonshahi A, Pradhan N, Gregory A, Gambhir A,
Porter ML (2008) The influence of postoperative coronal align-
ment on revision surgery in total knee arthroplasty. Int Orthop
32(5):639-642. doi:10.1007/s00264-007-0391-0

Parratte S, Pagnano MW, Trousdale RT, Berry DJ (2010) Effect
of postoperative mechanical axis alignment on the fifteen-year
survival of modern, cemented total knee replacements. J Bone Jt
Surg Am 92(12):2143-2149. doi:10.2106/J1BJS.1.01398
Vanlommel L, Vanlommel J, Claes S, Bellemans J (2013) Slight
undercorrection following total knee arthroplasty results in supe-
rior clinical outcomes in varus knees. Knee Surg Sports Traumatol
Arthrosc 21(10):2325-2330. doi:10.1007/s00167-013-2481-4
Nishida K, Matsumoto T, Takayama K, Ishida K, Nakano N,
Matsushita T, Kuroda R, Kurosaka M (2016) Remaining mild
varus limb alignment leads to better clinical outcome in total knee
arthroplasty for varus osteoarthritis. Knee Surg Sports Traumatol
Arthrosc. doi:10.1007/s00167-016-4260-5

Calliess T, Bauer K, Stukenborg-Colsman C, Windhagen H,
Budde S, Ettinger M (2016) PSI kinematic versus non-PSI
mechanical alignment in total knee arthroplasty: a prospec-
tive, randomized study. Knee Surg Sports Traumatol Arthrosc.
doi:10.1007/s00167-016-4136-8

Dossett HG, Estrada NA, Swartz GJ, LeFevre GW, Kwasman BG
(2014) A randomised controlled trial of kinematically and mechan-
ically aligned total knee replacements: two-year clinical results.
Bone Jt J 96-B(7):907-913. doi: 10.1302/0301-620X.96B7.32812
Eckhoff DG, Bach JM, Spitzer VM, Reinig KD, Bagur MM,
Baldini TH, Flannery NM (2005) Three-dimensional mechanics,
kinematics, and morphology of the knee viewed in virtual reality.
J Bone Jt Surg Am 87(Suppl 2):71-80. doi:10.2106/JBJS.E.00440
Howell SM, Howell SJ, Kuznik KT, Cohen J, Hull ML (2013)
Does a kinematically aligned total knee arthroplasty restore func-
tion without failure regardless of alignment category? Clin Orthop
Relat Res 471(3):1000-1007. doi:10.1007/s11999-012-2613-z
Howell SM, Papadopoulos S, Kuznik K, Ghaly LR, Hull ML
(2015) Does varus alignment adversely affect implant sur-
vival and function six years after kinematically aligned total
knee arthroplasty? Int Orthop 39(11):2117-2124. doi:10.1007/
500264-015-2743-5

Shetty GM, Mullaji A, Bhayde S, Nha KW, Oh HK (2014) Factors
contributing to inherent varus alignment of lower limb in normal
Asian adults: role of tibial plateau inclination. Knee 21(2):544—
548. doi:10.1016/j.knee.2013.09.008

Thienpont E, Schwab PE, Cornu O, Bellemans J, Victor J (2017)
Bone morphotypes of the varus and valgus knee. Arch Orthop
Trauma Surg 137(3):393—400. doi:10.1007/s00402-017-2626-x
Song MH, Yoo SH, Kang SW, Kim YJ, Park GT, Pyeun YS
(2015) Coronal alignment of the lower limb and the incidence of

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

constitutional varus knee in Korean females. Knee Surg Relat Res
27(1):49-55. doi:10.5792/ksrr.2015.27.1.49

Luyckx T, Vanhoorebeeck F, Bellemans J (2015) Should we aim
at undercorrection when doing a total knee arthroplasty? Knee
Surg Sports Traumatol Arthrosc 23(6):1706—1712. doi:10.1007/
s00167-014-3185-0

Roth JD, Howell SM, Hull ML (2015) Native knee laxities at
0 degrees, 45 degrees, and 90 degrees of flexion and their rela-
tionship to the goal of the gap-balancing alignment method of
total knee arthroplasty. ] Bone Jt Surg Am 97(20):1678-1684.
doi:10.2106/J1BJS.N.01256

Roth JD, Hull ML, Howell SM (2015) The limits of passive
motion are variable between and unrelated within normal tibi-
ofemoral joints. J Orthop Res 33(11):1594-1602. doi:10.1002/
jor.22926

Gu Y, Howell SM, Hull ML (2016) Simulation of total knee
arthroplasty in 5 degrees or 7 degrees valgus: a study of gap
imbalances and changes in limb and knee alignments from native.
J Orthop Res. doi:10.1002/jor.23492

Gu Y, Roth JD, Howell SM, Hull ML (2014) How frequently do
four methods for mechanically aligning a total knee arthroplasty
cause collateral ligament imbalance and change alignment from
normal in white patients? J Bone Jt Surg 96(12):e101

Peters CL, Jimenez C, Erickson J, Anderson MB, Pelt CE (2013)
Lessons learned from selective soft-tissue release for gap bal-
ancing in primary total knee arthroplasty: an analysis of 1216
consecutive total knee arthroplasties: AAOS exhibit selection. J
Bone Jt Surg Am 95(20):e152. doi:10.2106/JBJS.L.01686
Goudie S, Deep K (2014) Collateral soft tissue release in primary
total knee replacement. Comput Aided Surg 19(1-3):29-33. doi:
10.3109/10929088.2014.889212

Bellemans J, Vandenneucker H, Van Lauwe J, Victor J (2010)
A new surgical technique for medial collateral ligament balanc-
ing: multiple needle puncturing. J Arthroplast 25(7):1151-1156.
doi:10.1016/j.arth.2010.03.007

Howell SM, Papadopoulos S, Kuznik KT, Hull ML (2013) Accu-
rate alignment and high function after kinematically aligned TKA
performed with generic instruments. Knee Surg Sports Traumatol
Arthrosc 21(10):2271-2280. doi:10.1007/s00167-013-2621-x
Nedopil AJ, Howell SM, Hull ML (2016) Does malrotation of
the tibial and femoral components compromise function in kin-
ematically aligned total knee arthroplasty? Orthop Clin N Am
47(1):41-50. doi:10.1016/j.0c1.2015.08.006

Nedopil AJ, Howell SM, Rudert M, Roth J, Hull ML (2013) How
frequent is rotational mismatch within O degrees + 10 degrees
in kinematically aligned total knee arthroplasty? Orthopedics
36(12):e1515-e1520

Sabharwal S, Zhao C, Edgar M (2008) Lower limb alignment
in children: reference values based on a full-length stand-
ing radiograph. J Pediatr Orthop 28(7):740-746. doi:10.1097/
BPO.0b013e318186eb79

Matsuda S, Miura H, Nagamine R, Mawatari T, Tokunaga M,
Nabeyama R, Iwamoto Y (2004) Anatomical analysis of the
femoral condyle in normal and osteoarthritic knees. J Orthop Res
22(1):104-109. doi:10.1016/S0736-0266(03)00134-7
Khakharia S, Bigman D, Fragomen AT, Pavlov H, Rozbruch SR
(2011) Comparison of PACS and hard-copy 51-inch radiographs
for measuring leg length and deformity. Clin Orthop Relat Res
469(1):244-250. doi:10.1007/s11999-010-1460-z

Griffin FM, Insall JN, Scuderi GR (2000) Accuracy of soft tissue
balancing in total knee arthroplasty. J Arthroplast 15(8):970-973.
doi:10.1054/arth.2000.6503

@ Springer


http://dx.doi.org/10.1007/s11999-011-1936-5
http://dx.doi.org/10.1302/0301-620X.98B1.36403
http://dx.doi.org/10.1302/0301-620X.93B9.26573
http://dx.doi.org/10.1007/s00402-010-1064-9
http://dx.doi.org/10.1007/s00264-007-0391-0
http://dx.doi.org/10.2106/JBJS.I.01398
http://dx.doi.org/10.1007/s00167-013-2481-4
http://dx.doi.org/10.1007/s00167-016-4260-5
http://dx.doi.org/10.1007/s00167-016-4136-8
http://dx.doi.org/10.1302/0301-620X.96B7.32812
http://dx.doi.org/10.2106/JBJS.E.00440
http://dx.doi.org/10.1007/s11999-012-2613-z
http://dx.doi.org/10.1007/s00264-015-2743-5
http://dx.doi.org/10.1007/s00264-015-2743-5
http://dx.doi.org/10.1016/j.knee.2013.09.008
http://dx.doi.org/10.1007/s00402-017-2626-x
http://dx.doi.org/10.5792/ksrr.2015.27.1.49
http://dx.doi.org/10.1007/s00167-014-3185-0
http://dx.doi.org/10.1007/s00167-014-3185-0
http://dx.doi.org/10.2106/JBJS.N.01256
http://dx.doi.org/10.1002/jor.22926
http://dx.doi.org/10.1002/jor.22926
http://dx.doi.org/10.1002/jor.23492
http://dx.doi.org/10.2106/JBJS.L.01686
http://dx.doi.org/10.3109/10929088.2014.889212
http://dx.doi.org/10.1016/j.arth.2010.03.007
http://dx.doi.org/10.1007/s00167-013-2621-x
http://dx.doi.org/10.1016/j.ocl.2015.08.006
http://dx.doi.org/10.1097/BPO.0b013e318186eb79
http://dx.doi.org/10.1097/BPO.0b013e318186eb79
http://dx.doi.org/10.1016/S0736-0266(03)00134-7
http://dx.doi.org/10.1007/s11999-010-1460-z
http://dx.doi.org/10.1054/arth.2000.6503

	Does alignment of the limb and tibial width determine relative narrowing between compartments when planning mechanically aligned TKA?
	Abstract 
	Introduction 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Methods and materials
	Results
	Discussion
	Conclusion
	References




