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Role of Femoral Anatomical Mechanical Angle in Getting Alignment in
Total Knee Arthroplasty

Siddhart Yadav, Shreyans Ghorawat', K P Chiranjeevil, Akash Singh_]adonl, Sameer Pandey1

Learning Point of the Article:
To evaluate the alignment of the lower limb post total knee arthroplasty (TKA) by taking a variable distal femoral cut according to the
Femoral Anatomical Mechanical Angle (FAMA) on long leg standing radiograph preoperatively.

Introduction: In the present study, we had pre-operative determination of the femoral anatomical mechanical angle which was accomplished
using anteroposterior weight-bearing hip-to-ankle radiographs. Intraoperative distal femur variable valgus cut was taken depending upon
preoperative FAMA. We accessed pre and post-operative mechanical axis of the lower limb on long-length X-ray films and evaluation of

functional outcome.

Aims and Objective: To study pre and post-operative FAMA and lowerlimb alignmentin post-operative longleg standing radiograph.

StudyDuration: 12 months
StudyDesign: Prospective study
Sample Size: 52 Patients

Conclusion: The study findings recommended that all patients for the primary total knee arthroplasty should be evaluated with longleg weight-
bearing radiograph preoperatively to find lower limb alignment and FAMA. Intraoperatively, distal femur valgus cut should be taken variable

depending upon preoperatively evaluated FAMA.
Keywords: FAMA, total knee arthroplasty, knee alignment.

Introduction

Osteoarthritis (OA) of the knee joint is certainly increasing
among elder population as extended longevity [1]. At present,
approximately 2% of the population of SS years age and above are
so disabled that they need total knee arthroplasty (TKA) due to
OA knee and this rate increases with age. The average incidence
is twice in woman than in men [2]. TKA is indicated for pain
relief and functional improvement in severe knee joint
degeneration and arthritis. The goals of TKA surgery include

adequate alignment of the prosthesis components and the limb,
stability of the knee for functional outcome [3].

In cemented TKA, longevity ranges from 91% to 99% by 10 years
and 91-96% by 15 years [4, 5]. Unfortunately, failure after TKA
occurs in some patients. Malalignment is one factor that a
surgeon can prevent [6].

Restoring the coronal plane mechanical axis of the lower limb to

within 3° of normal during TKA is associated with decreased
loosening and greater long-term survival of the prosthesis [ 7, 8].
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Surgical Technique

| Spinal/ + epidural anaesthesia given

Under g1l aseptic precautions, parts scrubbed, paintsd and drapped

[ anterior midline incision taken. Medial parapatellar arthrotomy done

Medial parapatellar standard approach
Standard tibizl cut taken with extramedullary jig
Femur distal valgus cut taken according to pre op FARA

Extension gap balancing done
Femur-anterior, posterior and chamfer cut taken
Flexion gap balancing done

ratella prepared
Trizl done according to sizing

Joint reduced and joint stability checked un all ROM
Patella tracking checked
Tourniquet raized

Fulz= lavage done

l actual prosthesis cementing done 33 per sizes

l Tourniguet Released

Hermaostasis done

Closurs in laysr

Mo drain used
Sterile dressing done

——— [ p— —

Distal pulsation checked and confirmed.

A B SR B S

A TKA malalignment of more than 3° can lead to a significantly
higher rate of failure [9]. To prevent it, a neutrally aligned lower
limb has been one of the primary goals of TKA because it was
supposed to be important for successful clinical outcomes and
implant survivorship [10].

Aims and objectives
Aim
To evaluate alignment of lower limb post TKA by taking
variable distal femoral cut according to the femoral anatomical

mechanical angle (FAMA) on long leg standing radiograph
preoperatively.

Objective

« To study the FAMA in patients with arthritis knee in long leg
standingradiograph

« To study post-operative FAMA and lower limb alignment in
post-operative longleg standing radiograph

+ To calculate Oxford Knee Score (OKS) and Knee Society

Score (KSS) in patients with arthritis knee pre-operative and
post-operative functional outcome.

Material and Methods
Study duration
12 months.

Studydesign
Prospective study.

Samplessize

52 Patients.

Samplesize calculation

Independent of the surgeon’s experience it was found an
alignment of more than + 3° varus/valgus in 25% of cases after
total knee replacement [ 11]. Considering the same proportion
in the present study and 13% marginal error using the
proportionate sample size formula calculated sample size was
43. A total of 52 cases were involved in study considering 10%
non-responserate.

Formula for sample size
n=z2pq/d2

Where, n = sample size, Z = 1.96, P = proportion of an
alignment of more than +3° varus/valgus (25%), q = 100-p
and d =assumed marginal error.

Inclusion criteria

1. Only primary TKA

2.Patients with arthritisknee

3. Patients without neurovascular deficit

4. Patients who have varus deformity

S.Patients who are medically fit to undergo surgery
6. Patients who consented for surgery and study

7. Patients who can stand forlongleg radiograph (scanogram).

Exclusion criteria
1. Patients with fixed flexion deformity more than 30°
2. Patients with genu recurvatum more than 20°

3. Patients with neurovascular deficit and compartment
syndrome

4. Patients with pathological fractures
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FAMA

Vams
Alignment

Figure 1: (Long leg radiograph) scanogram.

S.Patients who are unfit for surgery
6.Notableto stand
7. Allrevision surgeries

8. Patients who have valgus deformity.

Long leg standing anteroposterior radiograph of both
lowerlimbs (scanogram)

Originally scanogram was believed to be obtained on a single
long cassette (35 x 110 cm) visualizing all three joints, namely
hip joint, knee joint, and ankle joint in one conventional
radiograph. Scanogram was taken as a modification by taking

Figure 2: Pre op and post op longleg weight-bearing radiological images of study subjects.

with four separate exposures each one
centered over hip, femur, knee, and ankle using
a standard-sized cassette (35 x 43 cm) on
digital X-ray. The patient-to-tube distance is
101 cm. It is very important to take this

NeekShafl Angle - radiograph in neutral rotation of the legs to
obtain accurate measurements with the patella
- Femorl Bowing ~ facing forwards and inspecting the relation

between tibia and fibula, distally and
proximally. Later, all these films stitch together
in a single radiograph. All digital radiographs
were processed and measured by research
team using picture archiving and
communication system (PACS) software
Medsynapse 3.1.1., Fujifilm Medical Systems
USA, Inc., Stamford, with a minimum
detectable change of 1° between two lines
drawn on the digitalimages.

Alignment and measurement on
scanogram

All radiographs were obtained with a consistent technique with
the patients standing on both legs with medial aspect of their
feet parallel to each other, with knees in full extension.
Mechanical axis of femur is line joining from femoral head to
midpoint of distal femur. The center of the femoral head was
identified by locating the center of a close-fit circle generated at
the edge of the femoral head. Midpoint of distal femuris taken at
the edge of femoral notch (from where the femoral jig entry
taken during TKA). Anatomical axis of the femur is line joining
center of pyriformis fossa to mid-point of distal femur at knee
joint. The angle between the anatomical axis and the
mechanical axis of the femur is called femoral
anatomical mechanical axis (FAMA) is calculated
using eclipse function on PACs (Fig. 1). For post-
operative FAMA center of the distal femuris taken ata
similar point as pre op. The tibial anatomical and
mechanical axes are the same. It is calculated as the
line joining center of the tibial spine to the center of
the talus.

Lower limb alignment was evaluated pre and post-
operative scanogram. Mechanical alignment of lower
limb is measured by the angle formed by the
mechanical axis of femur and tibia. Ideal mechanical
axis oflowerlimbis 180 + 30.

Femoral neck shaft angle is measured by the angle
between the longitudinal femoral shaft axis and the
femoral head neck axis. The axis of the femoral neckis
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Table 1: Neck shaft angle of the study subjects

Neck shaft angle

Less than 120 degree 120 to 135 degree

Male Female Male L B

More than 135 degree

Male

« Discharge was given at day 3 and 1st
follow-up was taken after 14 days from
surgery for suture removal and to
Total evaluate patient.
Female o All the patients were assessed both

clinically atregularinterval.

defined by a line bisecting the femoral neck width through the
center of the femoral head.

The femoral bowing was the angle between the distal and
proximal femoral anatomical axis was obtained by drawing a
line between the two femoral shaft centers in the middle upper
portion of the femur.

Pre-operative

« Counseling of patient and relatives was done with regard to
time of surgery, prognosis and risk factors, and post-operative
recovery.

« To check the functional status of patients OKS and KSS were
taken pre-operatively.

« All routine investigation required for TKA was done including
blood investigations, cardiac investigations, and radiological
investigation (like knee radiograph and scanogram).

o If patient is having any comorbidities then treated them
according to required cross consultant.

« Patientunderwent routine pre-anesthetic checkup.
« Consentregarding surgery and study was taken from patient.

« The surgery was performed under spinal with epidural
anesthesiainall cases.

« All surgeries were performed by single surgeon using posterior
stabilizing (posterior cruciate ligament sacrificing) prosthesis.
Inall cases, patellaresurfacing was done.

Surgical technique
Post-operative

« On day 0, pain management was done using
analgesics/epidural, etc. Antibiotics/antacids and deep vein
thrombosis prophylaxis were given tilladmission.

« On day 1, physiotherapy was started. Patient mobilized out of
bed.

« At 6 months, patient was evaluated for
functional outcome clinically based on
OKS, KSS, and radiologically for mechanical alignment of the
lower limb and FAMA using scanogram.

Dataanalysis

Data were entered into Microsoft Excel and analyzed using the
Statistical Package for the Social Sciences Software 20.
Categorical variables were expressed in terms of frequency and
percentage and continuous variables were expressed in terms of
mean and standard deviation. Paired t-test was applied to see
any significant difference in continuous variables (FAMA, KSS,
and OKS) among study group in pre-operative and post-
operative follow-up with P < 0.05 as a significant value.

Results

In current study, patient demographics for 52 patients and 71
knees were determined. In our study, there were 12 males with
mean age 69.3 years (min 54 years and max 82 years) and 40
females with mean age 62.01 years (min 48 years and max 75
years). Half of the subjects 49.0% were in age group of 61-70
years (n-25), followed by 32.09% in age group of 51-60 years
(n-17) and 19.2% in age of >70 years (n-10). Total mean age of
studywas 63.56 years.

In the operated, 47.88% were left side and 52.11% were right
side.

Average height of the subjects was 157.81 cm (minimum 143
cm and maximum 176 cm) and average weight of the subjects
was 71.9 kg (minimum 51kgand maximum 120kg).

Most common co-morbidity was hypertension (65.4%),
followed by diabetes in 19.2% subjects, rheumatoid arthritis
5.7%,andIHD 1.9%.

Most of the subjects of the study body mass index (BMI) were
overweight 40.4% (n-21), followed by 38.5% were obese (n-
20), followed by 21.2% were normal (n-11).

Table 2: Femoral bowing of the study subjects

Femoral bowing

3-6°

Female Male

Preoperatively lower limb alignment was varus
in all cases with mean 10.9 £ 5.4 (min 1.2 and
max 26.8) out of which <3° varus was noted in
1 case.3-10°varus notedin 27 number of cases
and 28 cases were having varus more than 10°.

The FAMA was varied from mean (6 + 0.9)
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Discussion

Table 3: Correlation of pre op FAMA with study variables

FAMA pre OP Flexion

Neck shaft angle

] In TKA, restoration of lower limb alignment
Femoral bowing

is done taking various bone cut in distal
femur and proximal tibia. These cut also

C lati
orrelation 1 o.116 (mild)|  0.24 (Mild) 0.178 (Mild) 0.453 (Moderate)
coefficient (R)
P-value 0-33 (Not 0.04 0.138 (Not significant) | 0.0001 (Significant)
significant) (Significant) ) £ ) g

required for accurate placement of femoral

BMI: Body mass index

and tibial component. Hence, survivorship

(mini 4.2 to max 7.9). Less than 4° was noted in 0 pts. 4-6° was
noted in 35 numbers of knees (male 9 knees and female 26
knees). More than 6° FAMA is found in 36 number of knee
(male 6knees and female 30 knees).

Femoral neck shaft angle was measured and called coxavara, i.e.,
<120°in 6 number of patients. Normal femoral neck shaft angle
(120-135°) was noted in 65 numbers of patients. Coxa valga
wasnotnoted in any patients (Table 1).

Femoral bowing was measured between 0 and 3° in 4 numbers
of cases (Table 2). Bowing between 3 and 6° was measured in 16
numbers of cases and more than 6° of bowing was noted in 51
numbers of cases.

We have evaluated the factors affecting FAMA and the Pearson
correlation coefficient evaluated. FAMA has a significant
correlation with neck shaft angle and femoral bowing of lower
limb. FAMA has mild significance with pre-operative varus
deformity. It has not significant correlation with BMI (Table 3).

Comparing the pre-operative and post-operative alignment of
the lower limb (Fig. 2), there was a decrease in varus
measurement before and after TKA and it was statistically
significant. In post-operative varus, <3° alignment was achieved
in 97% (n - 69 knees) and outliers were 3% (n-2 knees). Hence,
the neutral alignment was achieved in more number of patients.

Intra-operative distal femoral valgus cut ranged from 4° to 8° as
per pre op FAMA (40-2 knees, 50-28 knees, 60-23 knees,
70-14knees, and 80-4 knees).

Comparing the pre-operative and post-operative FAMA shows
that there is no statistically significance in between femoral and
mechanical axis of femur.

Evaluating OKS before and after TKA, there was increase in

OKS after TKA surgery and this difference in OKS before and
after TKA was statistically significant (P < 0.05).

KSS before and after TKA, there was increase in KSS after TKA
surgery and this difference in KSS before and after TKA was
statistically significant (P <0.05).

of TKA depends on optimal alignment of
components to correct restoration of the lowerlimb mechanical
alignmentby the accuracy ofbone cuts [12, 13, 14].

In arthritis population, there is a wide variation of deformities.
To achieve patient-specific alignment, pre-operative
assessment of the axial alignment of the lower extremity is
important. This assessment is done on weight bearing full-
length radiograph of the lower limb including the hip, knee, and
ankle[15].

Axial alignment of lower limb is angle between mechanical axis
of femur and tibia. Usually, the mechanical axis of lower limb is
180 + 3° meaning the line joining center of femur head to center
of ankle should pass through center of distal femur at the level of
knee joint [16]. On long leg standing radiograph, we can also
evaluate other axis which is important for alignment of lower
limb like anatomical and mechanical axis of femur and tibia.

The anatomical axis of femur is line joining center of pyriformis
fossa to mid-point of femur at knee joint. Mechanical axis of
femurisline joining center of femoral head to midpoint of femur
at knee joint level. The angle between the anatomical axis and
the mechanical axis of the femur is known as femoral anatomical
mechanical axis (FAMA). It can used to determine the angle of
resection of the distal femurin TKA [17].

In conventional TKA, to align the mechanical axis of the lower
limb in the neutral position, we should take bone cuts
perpendicular to the mechanical axis of tibia and femur. In the
tibia mechanical and anatomical axes are equal hence with the
help of extra medullary zig, we can accurately take
perpendicular cut of tibia. In femur intraoperatively, distal
valgus femoral cut is taken to correct mechanical alignment
with the help of zig with intramedullary guide. Hence, it will
equivalent to the anatomical axis of the femur. The distal cut of
the femur should ideally be perpendicular to its mechanical axis
of femur. To attain this, the valgus correction angle must be the
same as the angle between the mechanical and anatomical axes
ofthefemur[18,19,20].

Table 4: Comparison of varus before and after TKA of study subjects

Male Female
Total (M. +SD
(Mean#SD) (Mean#SD) otal (Mean )
Pre OP 8.7+3.6 11.5%5.6 10.945.4
Post OP 1.8+0.7 2.1+0.8 2.1+0.7

There are methods described to
determine the valgus correction
angle: First, taking a fixed cut of 5°

P-value

Mean difference

and 6° valgus for all cases. Second is

8.16 0.0001 | determining it preoperatively by

TKA: Total knee arthroplasty, SD: Standard deviation

measuring the angle between the

anatomical and mechanical axes of
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Table 5: Distal femoral valgus cut distribution
of study subjects

Distal cut Frequency Percentage
4 2 2.81
5 28 39.43
6 23 32.39
7 14 19.71
8 4 5.63
Total 71 100

the femur on long leg radiographs and distal femoral variable
valgus cut taken depending on FAMA.

There is a wide distribution of the FAMA in the arthritic
population ranging from 2°to 9°.

Studies have shown that a routine 5° or 6° valgus correction
angle may be safe for uncomplicated TKA [19, 11, 21]. A few
studies have, however, shown that a routine choice of fixed 6°
valgus cut taken irrespective of pre op deformity restored the
alignment to neutral in 85% of cases [22]. In many studies, the
distal femoral valgus cut taken as a variable depending on
FAMA has shown improved femoral component and axial
alignment [23, 24]. Understanding these variations in existing
literature it is important to determine each patient’s FAMA in
the preoperative planning of TKA to prevent malalignment of
the femoral component, which maylead to instability, wear, and
loosening [16].

In present study, intraoperative distal femur valgus cut was
taken as variable depending upon preoperative FAMA, not
taken fixed 6° valgus as described by Andrews SN et al., in 2019
[23]. We have studied factors affecting pre-operative FAMA.
We assessed pre and post-operative lower limb alignment on
long-length X-ray films as well as KSS and OKS during 6-month
follow-up for patient satisfactory outcome. In our study, mean
age subject was 64.33 = 7.2 years and range of 51-82 years.
Female-to-male ratio was 3:1.In our study, cases were 47.88% of
theleftside and 52.11% of the right side.

It is important to determine each patient’s FAMA in the pre-
operative planning of TKA. Lower limb alignment should be
neutral and survivorship of TKA depends on the accuracy of
bone cuts, optimal alignment of components to the correct
restoration of the lower-limb mechanical axis [12,13, 14].

In TKA, the valgus or varus deformity is restored by means of
femoral and tibial bone cuts perpendicular to the mechanical
axis [25]. Tibial cut is usually achieved perpendicular with jig as
mechanical and anatomical axis of tibia is same. In femur
however intramedullary jig matches to anatomical axis. To take
perpendicular cut to mechanical axis, we should consider other
factor like femoral bowing, neck shaft angle for take distal femur
valgus cut [26].

In our study, FAMA has found a significant correlation with
neck shaft angle and femoral bowing and it is not affected by
BMI and pre op varus deformity. In a study by Shi et al., [27]
Asian population found as more femoral bowing can affect
outcome of TKA and suggested variable angle distal cut of
femur achieves better radiological alignment and femoral
component positioning. Correlation between FAMA and
femoral bowing suggests that FAMA is one of the factors
affectinglower limb alignmentin TKA.

There is a wide distribution of the FAMA in the osteoarthritic
population [S]. Similar results were found in our study with min
4.2°and max7.9°.

In present study, postoperatively very few 3% of the patient had
malalignment >3°. Majority patient (97%) was alignment <3°
varus (Table 4). The persistent varus deformity in alignment of
post-operative lowerlimb is due to result from varusin tibia.

All subjects had distal femoral cut in the range of 4-8° and few
had 6° (32.3%) valgus cut during TKA, as we have taken a
variable distal femoral cut depending upon pre-operative
FAMA (Table S). Similar results were shown in studies by Nam
etal,[23]and Zhouetal., [24].

Furthermore, there is no difference found in pre op and post op
FAMA; it means that the femoral anatomy was maintained (P =
—0.21) (Table 6); hence, no statistically significant difference in
FAMA means that the femur is more aligned with mechanical
axis oflowerlimb.

Andrews SN etal,, [22] taken fixed distal valgus cut 6° in study
and achieved neutral alignment in

Table 6: Comparison of FAMA before and after TKA of study subjects

(meanzSD) difference

Male Female Total
(meanzSD) (meanzSD)
Pre OP 5.7+1.1 6.110.9 610.9
Post OP 5.511.4 5.810.6 5.810.9

85% cases. In our study, we had taken

variable degree of distal valgus cut

Miean according to pre op FAMA and

P-value

neutral alignment achieved in 97%
1.2 0.21 cases. Femoral component

placement is accurate shown by

TKA: Total knee arthroplasty, SD: Standard deviation

improved femoral mechanical axis

postoperatively. Similar result had
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shownbyLeeetal, [26] Nametal,, [23],and Zhouetal., [24].

In general, coronal plane limb alignment within 2-3° around a
neutral alignment. Despite clear limitations of the available
scientific data, most surgeons believe that a neutral mechanical
axis also confers a substantial advantage in terms of TKA
implant survivorship [28].

Incorrect alignment can lead to abnormal wear [29, 30], early
mechanical loosening of the components [7, 8], and patella-
femoral problems [31]. Deviations of >3° varus or valgus will
increase the rate of loosening in the coronal plane [S].

Huangetal., [32] reported that TKAs with a coronal alignment
within 3° from the neutral axis had better function and quality of
life at S-year follow-up than TKAs that deviated more than 3°
from neutralalignment.

Magnussen et al., [33] found KSS to be better in patients with
residual varus than in those with neutral alignment.

In our study, we used OKS score to measure TKA outcome
score in the present study. It was found that there was
statistically significant improvement in the mean value of OKS
in pre (15.88 +2.6) and post-operative (42.27 + 2.5) follow-up
(P<0.05).

It was found that there was statistically significant improvement
in mean value of KSS in pre (33.42 + 4.8) and post-operative
(82.38+2.8) follow-up (P < 0.05).

Findings of our study though found significant difference in
OKS score before and postoperatively but could not compare
with existing literature due to short-term follow-up and no
comparison group was studied but findings of study will help
forlong-term period follow-up study in the future.

Along with clinical outcomes, patient satisfaction contributes
an equal amount to the overall patient and surgical outcome.
Therefore, the purpose of this study was to assess short-term
patient satisfaction outcomes in TKA using weight-bearing
long leg radiograph and OKS and KSS at the end of 6-month
follow-up.

Due to paucity of time, we could not continue follow-up forlong
term and did not come to conclusion about any deformity
postoperatively but during a follow-up period of 6 months, we
did not found any patient complaining of pain and deformity
after TKA.

our study (48.1) was in age group of 61-70 years, followed by
32.7% in age group of S1-60years and 19.2% in >70 years of age.

by 38.5% were obese and 21.2 were having normal BMI. In only
32.39% cases, distal femur valgus cut was taken as 6° rest of the
cases (67.61%) had distal cut in range of 4-8°. Valgus cut 4° cut
taken in 2.81%, 5°in 39.43%, 6° in 32.39%, 7°in 19.71%, and 8°
in 5.63%. There was decrease in varus of lower limb after TKA
surgery and this difference in varus before and after TKA was
statistically significant (P < 0.05).There was decrease in FAMA
after TKA surgery and this difference in FAMA before and after
TKA with pre op 6 + 0.9 and post op 5.8 + 0.9 with mean
difference of 1.2. Hence it was not statistically significant (P <
0.21). There was increase in OKS after TKA surgery and this
difference in OKS before and after TKA was statistically
significant (P < 0.05). There was increase in KSS after TKA
surgery and this difference in KSS before and after TKA was
statistically significant (P < 0.05).

Conclusion

In our study, as per FAMA, we had taken variable distal femoral
valgus cut (4° cut in 2.81%, 5° in 39.43%, 6° in 32.39%, 7° in
19.71% and 8° in 5.63%). In majority of patient (97%), post-
operative lower limb alignment was <3° varus. Only 3% had
post-operative alignment was more than 3° varus. 3% cases that
had alignment more than 3° varus were due to varus
malalignment at tibia. Mechanical alignment of lower limb is
better when distal femoral valgus cut is taken according to
FAMA. The persistent varus deformity in the alignment of
postoperative lower limb is due to result from varus in tibia.
Preoperatively, the factors affecting FAMA are neck shaft angle,
femoral bowing, and varus deformity which have significant
correlation. In our study, we found that the short-term
functional outcome and quality of life are significantly
improved with correction of the mechanical axis to neutral as
shown by improvement of KSS and OKS postoperatively.
Various factors such as surgeon, kinematic alignment, BMI,
knee loading, and environmental factors also play a role, but we
could not study all those factors due to the short time duration.

Limitation
Small sample size and no comparison group to compare the

superiority of alignment versus non-alignment group. Single-
center, short-term follow-up study.

Mean age of study subjects was 64.33 £ 7.2 years and range of

5182 years. In our study, three-fourths (77%) were female and
one fourth (23%) were male. Female-to-male ratio was 3:1.
52.11% had right side and 47.88% had left-sided TKA surgery.
Most of the study (40.4%) subjects were overweight followed

Study findings recommended that all patients for the primary TKA
should be evaluated with long leg weight-bearing radiograph
preoperatively to find lower limb alignment and FAMA.
Intraoperatively distal femur valgus cut should be taken variable
depending upon preoperatively evaluated FAMA.
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