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Background: To perform total knee arthroplasty, some surgeons prefer to use a fixed valgus angle, for example 5° or 6°,for
the distal femoral cut with every patient. This angle may be appropriate for some patients, but may not be for all.
Objective: To determine the proper angle of the distal femoral cut during total knee arthroplasty (TKA) in Thai patients
with osteoarthritis of the knee.

Material and Method: A cross-sectional study was conducted of 80 osteoarthritic knees of 50 Thai patients with a mean
age of 69 years (range 52-82, SD 7.64) who had received total knee arthroplasty at Chiang Mai University Hospital between
January 2011 and March 2013. The femoral mechanical-anatomical (FMA) angle, femorotibial (FT) angle, mechanical
femorotibial (MFT) angle,femoral bowing angle, femoral length, hip offset, gender, and age of the patients were analysed
using multivariate regression analysis.

Results: Average FMA angle was 6.46° (range 4°-10°, SD 1.26°). The FMA angle was 6.85° and 5.28° in patients with
varus and valgus deformity, respectively. Fifteen percent of all patients showed a FMA angle either less than 5° or greater
than 7°.

Conclusion: The average FMA angle of patients with gonarthrosis was 6.46°. If it is not possible to measure the FMA angle
in Thai patients, 7° valgus cut angle is recommended for patients with varus deformity. Variation in this angle was high.

Pre-operative measurement of FMA angle is beneficial for precise TKA.
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Osteoarthritis is the most common form of
knee arthritis and has a high prevalence. It can cause
significant pain, deformity, and dysfunction”). In cases
where conservative treatment has failed, TKA is the
treatment of choice. TKA can usually provide pain
relief and functional improvement®. Unfortunately,
failure after TKA occurrs in some patients. Reasons
for failure include aseptic loosening, instability,
infection, polyethylene wear and malalignment.
Malalignment is one factor that a surgeon can
prevent®. Neutral mechanical alignment of the knee
is the goal of the TKA procedure. This can be achieved
by cutting the distal femur and proximal tibia
perpendicular to the mechanical axis of each bone.
A TKA malalignment of more than 3 degrees can lead
to a significantly higher rate of failure®.
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A correct proximal tibial cut perpendicular
to the mechanical axis of the tibia can be achieved
by using an intra-operative tibial cutting guide.
Pre-operative radiographic measurement is usually
not required. But for the distal femur, cutting the bone
perpendicular to the mechanical axis may require pre-
operative radiographic measurement of the femoral
mechanical-anatomical (FMA) angle (the angle formed
between the femoral mechanical axis and the distal
femoral diaphyseal axis) or the use of a computer
navigator system®.

Objective

To study the FMA angle in Thai patients
with gonarthrosis and association of parameters of
femur to the FMA angle.

Material and Method

A retrospective cross-sectional study of
pre-operative standing whole limb radiographs of
patients age >50 years who had been diagnosed
with osteoarthritis and who had recieved treatment
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by TKA at Chiang Mai University Hospital between
January 2011 and December 2013 was accomplished.
All patients had proper pre-operative whole limb
standing radiographs including hip, knee and ankle.
The whole limb radiographs were used to
measure parameters included femoral length, hip offset,
femoral bowing angle, mechanical femorotibial angle
and femoral mechanical-anatomical (FMA) angle
(Fig. 1). The hip offset is the shortest distance between
the anatomical axis of the proximal femur and the
center of the femoral head (a). The femoral length is
measured from the top of the femoral head to the most

!

Fig.1  Whole limb standing radiograph demonstrating
hip offset, femoral length, femoral bowing angle,
femoral mechanical anatomical (FMA) angle, and

mechanical femorotibial angle.
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distal part of the medial femoral condyle (b). Femoral
bowing angle is the angle formed by the intersection
of the anatomical axis of the proximal half and distal
half of the femur (c). The FMA angle isformed by the
intersection of the anatomical axis of the distal femur
and the femoral mechanical axis (the line between the
center of the femoral head and the center of the distal
femur) (d). The mechanical femorotibial angle is
formed by the intersection of the femoral mechanical
axis and the tibial mechanical axis (e).

Statistical analysis

Multiple regression was used to analyze
factors related to femoral mechanical anatomical
(FMA) angle. The analysis was considered significant
when p-values were less than 0.05. All statistical
analyses were performed with STATA software
version 10.0 (Stata. Corp. LP, college station, Texas,
USA).

Results

Eighty standing whole limb radiographs
of 50 patients (16 males and 34 females) were
studied. The mean age was 69 years (52-82 years,
SD 7.644 years). The mean FMA angle was 6.46°
(4°-10°, SD 1.26°). Seventy knees (87.5%) had varus
deformity (medial tibiofemoral joint narrower than
the lateral tibiofemoral joint). Three knees (3.75%) had
neutral gonarthrosis (equal joint space narrowing).
Seven knees (8.75%) had valgus deformity (lateral
tibiofemoral joint narrower than medial tibiofemoral
joint). Average femoral mechanical-anatomical (FMA)
angle of the varus group, neutral group and valgus
group were 6.85°, 5.67° and 5.28°, respectively.
Twelve knees (15%) showed an FMA angle of either
less than 5° or greater than 7°.

Multivariate regression analysis of the
mechanical femorotibial (MFT) angle, hip offset,
femoral length and femoral bowing angle showed
significant correlation with the FMA angle (p = 0.029,
0.004, 0.002 and 0.000, respectively). Higher hip
offset, femoral bowing angle, and mechanical
femorotibial angle tended to correlate with higher
FMA angles. However, higher femoral length tended
to correlate with lower FMA angles.

Discussion

The goals of TKA are to relieve pain, improve
function, and correct deformities. The ideal alignment
after TKA is neutral mechanical alignment. Outliers
of more than 3° can cause significant poor long term

1315



Table 1. Variation of the femoral mechanical-anatomical angle in osteoarthritic knees among studies and world regions

Authors Region FMA angle, mean (range, SD)
Kharwadkar et al.© UK 5.40° (range 3.3° to 7.6°, SD 0.9°)
Deakin et al.*) USA 5.70° (range 2° to 9°, SD 1.2°)
Bardakos et al.®) UK 5.60° (range 2° to 9°, SD 1.0°)
Curtin et al.("® USA 5.35° (range 1° to 10°)
Mullaji et al.” India 7.30° (SD 1.6°)
This study Thailand 6.46° (range 4° to 10°, SD 1.26°)
Varus deformity 6.85°
Neutral 5.67°
Valgus deformity 5.28°

FMA = femoral mechanical anatomical

results®. The bone cut should perpendicular to the
mechanical axis of each of the bones (femur and
tibia)®. The ideal angle of the valgus cut of the distal
femur is equal to femoral mechanical-anatomical
(FMA) angle.

Kharwadkar et al® reviewed pre-operative
CT scout films of osteoarthritic knees in 83
consecutive Indian patients who presented for total
knee arthroplasty. The mean FMA angle was 5.4°
(range 3.3°-7.6°, SD 0.9°). Estimated 95% confidence
interval of the mean for the population was 5.2°-5.6°.
There were no significant differences for age, gender
or laterality of the limb. He suggested routinely using
5°-6° as the distal femoral cut for an uncomplicated
primary TKA.

Mullaji et al™ used standing full-length
radiographs to compare coronal femoral axes between
250 limbs in Indian patients with varus osteoarthritis
with 50 healthy controls. In patients, the mean FMA
angle was 7.3°£1.6° and mean femoral bow was
3.6°+2.5° compared to 5.5°+£0.8° and 0.4°+1.2° in
controls. Varus deformity was significantly correlated
with femoral bowing (p<0.05; correlation coefficient,
0.4). Nineteen percent of the osteoarthritic limbs
showed an FMA angle of more than 9°.

Bardakos et al® measured radiographs of
174 extremities in patients undergoing TKA. The
average FMA angle, which was defined as the valgus
cutangle (VCA) in this study, was 5.6° (SD 1.0°, range
2° to 9°). He also found that 30% to 51% of patients
required a VCA of either less than 5° or greater than
6°. Patients with coxa valga or reduced hip offset
generally require a VCA of less than 5°. Patients with
coxa vara or increased hip offset generally require
a VCA of greater than 6°.

Deakin et al® analysed 174 pre-operative
hip-knee-ankle radiographs of osteoarthritic knees of
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157 patients (87 female and 70 male, mean age 70 years
and mean BMI 31.8). Measurements of mechanical
femorotibial (MFT) and FMA angles were made. The
mean FMA angle was 5.7° (SD 1.2°, range 2° to 9°).
The study showed a wide distribution of FMA angles
in the osteoarthritic population, males tending to have
larger FMA angles than females (p<0.001). There was
a statistically significant correlation between MFT
and FMA angle (r = -0.499) with varus knees tending
to have larger FMA angles (p<0.001). The authors
concluded that a fixed valgus resection angle is not
suitable for all patients and that it may be preferable
to adjust the distal femoral cut according to individual
FMA angles.

Tang et al!® measured axial alignment
of lower limbsin weight-bearing radiographs of
twenty-five adult male and twenty-five adult female
healthy volunteers of southern Chinese origin with a
mean age of 24 years for the males and 23 years for
the females. They found the Chinese subjects had a
significantly larger medial inclination of the knee
joint (knee-joint obliquity) and that the female Chinese
subjects had significantly more varus alignment of
the lower extremity than that reported in the white
populationb,

Curtin et al!? retrospectively reviewed 250
preoperative full-length standing radiographs in a
consecutive series of TKAs. Mean FMA angle was
5.35° range 1° to 10°. They concluded that routine
relianced on a single fixed resection angle could result
in malalignment in 10% of patients.

The present study found a wide range of
femoral mechanical-anatomical (FMA) angles (4°-10°,
SD 1.26°) among patients with gonarthrosis, with
an average of 6.46°. Patients with varus deformity
showed a higher FMA angle than patients with
straight or valgus deformity. The average femoral
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mechanical-anatomical angle (FMA) of the varus
group (70 knees) was 6.85°. The mean FMA angle of
the straight knee group (3 knees) was 5.67°. The final
group, those with valgus gonarthrosis (7 knees), had
an average FMA angle of 5.28°. Measurement of the
FMA angle of each knee is important for achieving
accurate alignment of the lower extremity after TKA.
However, if no pre-operative whole limb radiography,
whole femur radiography, CT scan, or computer
navigator systemis available, a 7° valgus cut angle is
recommended for patients with varus deformity, a 6°
valgus cut angle for patients with straight knees, and
a 5° valgus cut angle for patients with valgus deformity
in Thai patients with gonarthrosis.

Many factors affect the coronal alignment of
the lower extremities including gender, age, race,
femoral geometry, and hip defromity. Chinese people
have more obliquity of the knee compare to whites!?.
Studies from India® and China"” showed that Asian
people tend to have a higher femoral mechanical-
anatomical (FMA) angle than the white population!-?,
This finding was also confirmed in Thai people by
this study (Table 1).

Multivariate regression analysis found that
the FMA angle was significantly correlated with the
mechanical femorotibial (MFT) angle, hip offset,
femoral length and femoral bowing angle (p = 0.029,
0.004, 0.002 and 0.000, respectively). In most provincial
hospitals in Thailand, cassettes for whole limb
radiographs are usually not available as the cost of
computerized tomography and computer navigator
systems are usually high. If whole femur radiography
is available, the FMA angle can be measured.

Conclusion

The average FMA angle of Thai patients with
gonarthrosis was 6.46° (4°-10°, £1.26°), 6.85° for varus
deformity, and 5.28° for valgus deformity. There was
variation among patients. Fifteen percent showed a
FMA angle either less than 5° or greater than 7°. Before
performing TKA, the FMA angle of each knee should
be measured. If it is not possible to measure the FMA
anglein Thai patients, the use of a 7° valgus cut angle
for patients with varus deformity, 6° valgus cut angle
for patients with straight knees, and 5° valgus cut angle
for patients with valgus deformity with gonarthrosis is
suggested.

Limitation of the study

The study included only seven knees with
valgus deformity. This number is probably not
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enough to be representative of the population of
valgus gonarthrosis. Further study in a larger group of
patients with that deformity may be needed.

What is already known on this topic?
Average FMA angle in Cauacsian was 5-6
degrees valgus.

What this study adds?

Average FMA angle was 6.46° (range 4°-10°,
SD 1.26°). The FMA angle was 6.85° and 5.28° in Thai
patients with varus and valgus deformity, respectively.

This study demonstrated that the fixed
angle distal femoral valgus cut; 5 or 6 degrees, which
is popular in Caucasian is not always appropriate for
Thai patients.

Measurement of FMA angle is beneficial for
precise total knee replacement.

If FMA angle cannot be measured, 7 degrees
valgus cut is recommended for patients with varus
osteoarthritic knees.

Acknowledgement

The authors express their gratitude to
Sirichai Luevitoonvechkij and all the staff members
of the Research Unit, Department of Orthopaedics,
Faculty of Medicine, Chiang Mai University, for
their help in analyzing the data, G. Lamar Robert for
English manuscript edit.

Potential conflicts of interest
None.

References

1. Hochberg MC. Osteoarthritis year 2012 in review:
clinical. Osteoarthritis Cartilage 2012; 20: 1465-9.

2. McAlindon T, Zucker NV, Zucker MO. 2007
OARSI recommendations for the management of
hip and knee osteoarthritis: towards consensus?
Osteoarthritis Cartilage 2008; 16: 636-7.

3. Callaghan JJ, O’rourke MR, Saleh KJ. Why
knees fail: lessons learned. J Arthroplasty 2004;
19: 31-4.

4. Jeffery RS, Morris RW, Denham RA. Coronal
alignment after total knee replacement. J Bone
Joint Surg Br 1991; 73: 709-14.

5. Bithis H, Perlick L, Tingart M, Liiring C,
Zurakowski D, Grifka J. Alignment in total knee
arthroplasty. A comparison of computer-assisted
surgery with the conventional technique. J Bone
Joint Surg Br 2004; 86: 682-7.

1317



6. Kharwadkar N, Kent RE, Sharara KH, Naique S. Johnston AT, Sarungi M. Natural distribution of

5 degrees to 6 degrees of distal femoral cut for the femoral mechanical-anatomical angle in an
uncomplicated primary total knee arthroplasty: osteoarthritic population and its relevance to total
is it safe? Knee 2006; 13: 57-60. knee arthroplasty. Knee 2012; 19: 120-3.

7. Mullaji AB, Marawar SV, Mittal V. A comparison 10. Tang WM, Zhu YH, Chiu KY. Axial alignment of
of coronal plane axial femoral relationships in the lower extremity in Chinese adults. J Bone Joint
Asian patients with varus osteoarthritic knees and Surg Am 2000; 82-A: 1603-8.
healthy knees. J Arthroplasty 2009; 24: 861-7. 11. Curtin B, Fehring TK, Lauber J. Errors in knee

8. Bardakos N, Cil A, Thompson B, Stocks G. alignment using fixed femoral resection angles.
Mechanical axis cannot be restored in total knee Orthopedics 2014; 37: e644-8.
arthroplasty with a fixed valgus resection angle: 12. Mont MA, Urquhart MA, Hungerford DS,
a radiographic study. J Arthroplasty 2007; 22: Krackow KA. Intramedullary goniometer can
85-9. improve alignment in knee arthroplasty surgery.

9. Deakin AH, Basanagoudar PL, Nunag P, J Arthroplasty 1997; 12: 332-6.

AYN32HIN mechanical axis was anatomical axis veanszanauvlugiovovndon

v

a a Q a a [ Y a8 ) N Qa a < 4d 4 =~
931N 934903, i)"lﬂ{‘lil {llﬂl‘ﬂify, annnny Z‘IJIJIW'IQEI, naay naunay, sUHHUAY aInus, danel Zi‘ﬂi!tiﬁlt’li

inaa: Tumsshdauaeudaaiion ﬂ"amzwmfmmuﬁwﬁﬁnszgynﬂ'am/awﬂi.:@nﬁumﬁwywmﬁ?wjﬂwvmw
(9 valgus 5 130 6 891 ;dijmfamwmzﬂun”ug’fﬂwinmyuw’mﬁ)YJJLwmzayﬂ”ug?’ﬂwyniw

Jngiszad: zﬁ'amﬂ'wﬂ femoral mechanical-anatomical (FMA) angle ﬁmmmﬂug@’ﬂaaﬁamiuﬁaﬂ
Saguas35ms: maAnslszian cross-sectional study uvvgoundshugthedoniudou o1y 50 Tt tdnsums
shentulsanenna umsvuan el uasinmiaduuian whole limb radiograph) fuvinzaufnsmeh femoral
mechanical-anatomical (FMA) angle ua:ﬁm”ﬂﬁfwaﬂ'aym{?ﬁﬁm' e, 81g, femoral length, hip offset, femoral
bowing angle, mechanical femorotibial (MFT) angle 5!?)5737’777&7;{5753(]55 multivariated regression analysis
wamsfiny: Tugihe 50 518 §1191 80 191 mgmﬁ'z/ 69 1/ (52-82 1) {iA1 FMA angle 12y 6.46 99m (ngsulia
6.85 941 NGUIVIATI 5.67 83A ﬂ@'JJﬁlI’75'\7 5.28 84m) ifaseiiinayInda FMA angle Ao MFT angle (p = 0.029),
hip offset (p = 0.004), was femoral bowing angle (p = 0.000) ﬁﬂﬂ”ﬂﬁfﬂﬁﬁvﬂb FMA angle fo femoral length
@ = 0.002)

ayi: Aadeved FMA angle vasnunginiiusondouds 6.46 aam (idy 4-10 aam) oW lguwniialumsniea
wagudouiniten unndmsinfyu FMA angle oumsseia minliansaianiuu FMA angle 16 msdadiuare

4 o SO I SN a Q’
NIzANAUYT MYNNINOBN 7 eamlunsananlany 6 esmlunsalingg uas 5 eamlunsanaiag

1318 J Med Assoc Thai Vol. 97 No. 12 2014



