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Introduction  
Hip-knee-ankle angle (HKA) on Full Limb Radiographs (FLRs) is the gold standard for 
coronal knee alignment assessment. Despite the widespread utilization of the more 
convenient femorotibial angle (FTA) on either antero-posterior (AP) or postero-anterior 
(PA) short knee radiographs (SKRs), its definition and correlation with HKA remains 
controversial. This review is the first to systematically investigate FTA-HKA correlation 
and the effect of different FTA methods and SKRs. 

Methods  
Systematic literature search (Pubmed, Scopus, Cochrane Library) followed PRISMA 
guidelines, to evaluate studies examining the FTA-HKA correlation. Meta-analyses 
compared the 3 most common FTA methods, knee center determination method and SKR 
types. 

Results  
17 studies (2597 patients, 3234 knees) were included. The strongest correlation with HKA 
(r = 0.78) was found for FTA Method 1 (angle formed by lines drawn from the midpoint of 
tibial spines to points 10 cm above and below the joint line). No significant differences 
were observed when grouping the FTA methods by knee center assessment (Group I, r = 
0.78; Group II, r = 0.77). AP SKRs showed a trend towards stronger FTA-HKA correlation 
compared to PA SKRs, in both Method 1 (r = 0.79 vs 0.75) and Method 3 (r = 0.80 vs 0.66). 

Conclusion  
Irrespective of its definition or type of SKR used, FTA lacks reliable accuracy in predicting 
the HKA in most knees. FLRs should be used whenever precise estimation of the patient’s 
alignment is necessary. Caution is warranted in interpreting studies investigating knee 
alignment or knee arthroplasty outcomes based on FTA. 

1. INTRODUCTION 

The emergence of patient-specific alignment techniques in 
Total Knee Arthroplasty (TKA) has renewed the longstand
ing interest of the orthopedic community on knee coronal 
alignment1‑3 and has emphasized the importance of under
standing and classifying its variations.4‑6 

Despite various methods for assessing coronal knee 
alignment, the gold standard remains the measurement of 
the mechanical axis using the hip-knee-ankle angle (HKA) 
from a weight-bearing full limb radiograph (FLR).7,8 Unlike 

standard short knee radiographs (SKRs), which capture ap
proximately 10 cm of the distal femur and proximal tibia, 
FLRs provide a comprehensive view of the entire lower 
limb, aiding in the assessment of anatomical variations in 
the proximal femur and distal tibia. However, FLRs have 
drawbacks such as increased radiation exposure, special
ized equipment requirements, and higher costs. 

Consequently, many clinical studies have used the 
femorotibial angle (FTA) measured on SKRs to evaluate 
alignment, delineate “safety” boundaries and risk factors 
for failure in knee arthroplasty9 and still today many sur
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geons rely on SKR in their clinical practice, even for the 
analysis of post-operative outcomes. 

The FTA definition varies greatly among different re
search papers, leading to various methods proposed for 
its measurement, both on fully-extended antero-posterior 
(AP) and semi-flexed postero-anterior (PA) SKRs. As a re
sult, the FTA-HKA correlation is still a subject of ongoing 
debate, with a broad spectrum of values reported in the lit
erature.10‑13 To our knowledge, a systematic review on the 
subject has never been performed. 

This study aimed to conduct a thorough review of ex
isting literature to provide a comprehensive understanding 
of the relationship between FTA and HKA. Additionally, it 
aimed to perform a meta-analysis to quantify the FTA-HKA 
correlation comparing 1) the most commonly used meth
ods for measuring FTA, 2) the method used to determine 
the knee’s center, and 3) AP vs PA SKRs. The hypothesis 
was that, irrespective of its definition and type of SKRs, FTA 
would not allow to predict the HKA in a substantial subset 
of patients. 

2. METHODS 

The PRISMA (Preferred Reporting Items for Systematic Re
views and Meta-Analyses) guidelines have been utilized to 
carry out this systematic review.14 

2.1. ELIGIBILITY CRITERIA 

Only studies written in English and employing prospective 
or retrospective comparative designs were considered. All 
included studies examined the correlation between HKA 
measured on FLR and FTA measured on standard SKR. Ex
clusion criteria were applied to studies utilizing knee radi
ographs capturing more than 10 cm of the tibia and femur 
to assess the FTA. 

2.2. INFORMATION SOURCES AND SEARCH 

An electronic systematic search of PubMed (MEDLINE), 
Scopus and Cochrane databases was carried out by 2 re
viewers, G.P and G.G., to identify eligible studies. The 
search was executed on November 12, 2023. The following 
search string was adopted: “hip-knee-ankle”[All Fields] 
AND (“angle”[All Fields] OR “angled”[All Fields] OR “an
gles”[All Fields]) AND (“diagnostic imaging”[MeSH Sub
heading] OR (“diagnostic”[All Fields] AND “imaging”[All 
Fields]) OR “diagnostic imaging”[All Fields] OR “x ray”[All 
Fields] OR “x rays”[MeSH Terms] OR “x rays”[All Fields]). 

Then, a manual search of the bibliography of each pub
lished study was performed, to find relevant articles that 
could potentially have been missed. The remaining articles 
were analyzed by 2 reviewers, to exclude studies not ful
filling the eligibility criteria. Studies included were catego
rized by study type, according to the Oxford Centre for Evi
dence-Based Medicine. 

2.3. SELECTION PROCESS 

For each study, the following data were extracted: epidemi
ological characteristics of participants (age, sex, type of 
knee, grade of OA, lower limb alignment), type of SKR 
(standing AP, semiflexed PA, FLR cropped to the dimension 
of SKR), FTA measurement method and FTA-HKA correla
tion. 

The statistical analysis was conducted using R software, 
version 4.3.2. Meta-analyses were performed to pool the 
correlations between the most common FTA measurements 
and HKA and to establish potential differences depending 
on the method used to determine the knee’s center and the 
type of SKR used (AP vs PA). The results were reported as 
correlation coefficients and 95% confidence intervals (95% 
Cl). A random-effects model was used for I2 > 70%. Correla
tion coefficients were categorized as follows15,16: perfect (r 
= 1), excellent (0.9 ≤ r ≤ 0.99), very good/very strong (0.8 ≤ r 
≤ 0.89), good (0.6 ≤ r ≤ 0.79), fair/moderate (0.4 ≤ r ≤ 0.59), 
weak (0.20 ≤ r ≤ 0.39), and neglegible (r <0.20). 

2.4. QUALITY OF THE STUDIES 

The quality of included studies was assessed using the MI
NORS (Methodological Index for Nonrandomized Studies) 
score.17 

3. RESULTS 

3.2. STUDY SELECTION AND CHARACTERISTICS 

The literature search initially identified 712 papers, which 
were reduced to 589 after removing duplicates. Following 
the screening of titles and abstracts, 555 studies were ex
cluded. Subsequently, the full text of 34 manuscripts was 
read, resulting in 17 studies that met the eligibility criteria 
for the systematic review. The PRISMA 2020 flow diagram 
outlining this process is depicted in Figure 1 . 

Details of the included studies are summarized in Table  
1, encompassing a total of 2597 patients and 3234 knees. Of 
the 17 studies, 3 were prospective while the remaining 14 
were retrospective. The mean age of participants was 60.4 
years (range: 14 to 81 years). Additionally, the average MI
NORS score across studies was 10.2/16 (Table 1 ). 

Demographic characteristics, FTA measurement meth
ods and types of knee radiographs examined are reported 
in Table 2 . The FTA-HKA correlation was analyzed on AP 
SKRs in 8 studies, on PA semi-flexed SKRs in 4 studies and 
on both in 1 study. Finally, 4 studies analyzed the corre
lation on AP FLRs cropped to the dimensions of a SKR. 
The alignment category was reported in 9/17 studies, com
prising a total of of 816 varus, 350 valgus and 400 neutral 
knees. 

3.2. META-ANALYSIS 

In the 17 studies examined, 11 distinct methods of mea
suring the FTA were identified, as outlined in Table 2 . For 
the purpose of result analysis, all methods that differed in 
the proximal point of the tibia (center of the base of the 

Femorotibial angle on short knee radiographs fails to accurately predict the lower limb mechanical alignme…

Orthopedic Reviews 2



Figure 1. PRISMA 2020 flow diagram     

spines, center of the tip of the spines, and center of the 
tibial plateau) were grouped together, considering the dif
ferences negligible, thus resulting in a total of 8 methods 
(Table  2  and  3). Only preoperative data were included in 
the meta-analysis for studies that provided both preopera
tive and postoperative data. 

The 3 most commonly used FTA methods were Method 
1, Method 3 and Method 5, evaluated in 9, 8 and 4 studies, 
respectively (Figure 2 ). 

In Method 1 the FTA was defined as the angle formed 
by the intersection of a femoral axis drawn between (a) the 
femoral mid-shaft 10 cm proximal to the center of the tib
ial spines and (b) the center of the tibial spines, and a tibial 
axis drawn between (a’) the center of the tibial spines and 
(b’) the tibial mid-shaft 10 cm distal to the center of the tib
ial spines. 

In Method 3 the FTA was defined as the angle formed 
by the intersection of a femoral axis drawn between (a) 
the femoral mid-shaft 10 cm proximal to the center of the 
femoral notch and (b) the center of the femoral notch, and a 
tibial axis drawn between (a’) the center of the tibial spines 
and (b’) the tibial mid-shaft 10 cm distal to the center of the 
tibial spines 

In Method 5 the FTA was defined as the angle formed 
by the intersection of a femoral axis drawn between (a) 
the femoral mid-shaft 10 cm proximal to the center of the 
femoral notch and (b) the junction of the femoral meta-epi
physis, and a tibial axis drawn between (a’) the junction of 
the tibial meta-epiphysis and (b’) the tibial mid-shaft 10 cm 
distal to the center of the tibial spines 

The FTA-HKA correlation coefficients were: 0.78 (95% 
CI: 0.66 to 0.86; I2 = 91%) for Method 1, 0.75 (95% CI: 0.61 
to 0.84; I2 = 96%) for Method 3, and 0.72 (95% CI: 0.52 to 
0.85; I2 = 91%) for Method 5. 

The various methods were further classified into two 
groups based on their approach: those relying on a single 
reference point (Group I) and those utilizing two reference 
points—one for the tibia and one for the femur (Group 
II)—to establish the center of the knee (Figure 3 ). Group I, 
evaluated in 9 studies, showed a correlation coefficient of 
0.78 (95% CI: 0.66 to 0.86; I2 = 91%), while, Group II, eval
uated in 13 studies, showed a correlation coefficient of 0.77 
(95% CI: 0.68 to 0.83; I2 = 95%). 

Finally, a trend towards stronger FTA-HKA correlation 
was found when using AP vs PA SKRs in both Method 1 and 
Method 3 (Figure 4 ). In Method 1, 6 studies used AP SKRs 
with a correlation coefficient of 0.79 (95% CI: 0.60 to 0.90; 
I2 = 93%), and 4 studies used PA SKRs with a correlation co
efficient of 0.75 (95% CI: 0.62 to 0.84; I2 = 87%). Similarly, 
in Method 3, 5 studies used AP SKRs with a correlation co
efficient of 0.80 (95% CI: 0.60 to 0.90; I2 = 96%), and 3 stud
ies used PA SKRs with a correlation coefficient of 0.66 (95% 
CI: 0.62 to 0.71; I2 = 0%). 

4. DISCUSSION 

The main finding of the current study, gathereing results 
from 17 articles involving a total of 2597 patients and 3234 
knees, was that, irrespective of its definition and type of 
short knee radiographs, the femorotibial angle fails to pre
dict the hip-knee-ankle angle in a significant subset of pa
tients. To the best of our knowledge, this represents the 
first systematic review and meta-analysis on this topic. 

Although the FTA11,12,18‑23 is commonly defined as the 
angle formed by the intersection of two lines drawn from 
the midpoint of the tibial spines to a point situated 10 cm 
above and below the joint line and midway between the cor
tical bone surfaces (Method 1), alternative definitions have 
been explored in the literature.13,21‑30 Notably, the cho
sen FTA definition seems to significantly impact its abil
ity to predict the HKA, as observed by Gielis et al.21 In 
their study, they compared the FTA-HKA correlations with 
6 of the 8 methods considered in the current systematic re
view and found the best correlation (r = 0.93) for Method 4, 
which defines FTA as the angle formed by the intersection 
of a femoral axis drawn between (a) the femoral mid-shaft 
10 cm proximal to the femoral notch and (b) the center of 
the femoral notch, and a tibial axis drawn between (a’) the 
junction of the tibial meta-epiphysis and (b’) the tibial mid-
shaft 10 cm distal to the center of the tibial spines. 

Therefore, a meta-analysis was conducted on the three 
most commonly referenced methods to measure the FTA. 
Our results revealed Method 1 as the most valid, exhibiting 
a correlation coefficient of 0.78. Additionally, similar cor
relation coefficients were found for Methods 3 and 5, with 
values of 0.75 and 0.72, respectively. Notably, even within 
a specific FTA method, the FTA-HKA correlation can vary 
greatly, with values spanning from 0.2618 to as high as 
0.93.19 

An essential aspect in understanding the FTA-HKA cor
relation among various FTA measurement methods is the 
choice of reference point used to define the knee’s center. 
In advanced knee osteoarthritis, some degree of femur sub
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Table 1. Study details   

Study Year of 
publication 

Study 
type 

Level of 
evidence 

N. of 
patients 
(knees) 

Sex (male: 
female) 

Mean age 
(years SD) 

MINORS 

Chang et al 2010 RS II 201 (201) 104:97 39.5 (±11.5) no 
OA group 
69.5 (±5.8) OA 
and TKA group 

13/16 

Colebatch 
et al 

2009 RS III 40 (80) 0:40 53 (±8) 11/16 

Felson et al 2009 RS III OAI: 
143 (281) 
BOKS: 
183 (303) 

OAI: 
48.9%:51.1% 
BOKS: 
56.8%:43.2% 

OAI: 
60.5 (±9.7) 
BOKS: 
65.9 (±9.3) 

8/16 

Gielis et al 2020 RS II 100 (110) 53:57 54 (±7.4) 11/16 

Hinman et 
al 

2006 RS III 40 (40) 16:24 64.7 (±9.4) 10/16 

Iranpour-
Boroujeni 
et al 

2014 RS III 142 (266) 70:72 61.5 (±9.8) 8/16 

Issa et al 2007 PS II 146 (146) 37:109 70 (±11) 11/16 

Kraus et al 2005 RS III 57 (57) 17:40 65.7 (±11.9) 
female 
68.8 (±8.1) 
male 

10/16 

McDaniel et 
al 

2010 RS III 50 (50) 7:43 62 (range 
40–79) 

8/16 

Navali et al 2012 PS III 50 (100) 19:31 34.7 (±15.2) 11/16 

Park et al 2015 RS III 262 (262) NR NR 8/16 

Shang et al 2022 PS III 223 (223) NR NR 12/16 

Sheehy et al 2011 RS III 120 (120) 47:73 63 (±8.4) 8/16 

Skytta et al 2018 RS II 83 (103) 33:50 69.3 (range 
49-81) 

10/16 

Stickley et 
al 

2016 RS II 653 (788) 207:446 69.5 12/16 

Van Raaij et 
al 

2009 RS II 68 (68) 32:36 55 11/16 

Zampogna 
et al 

2015 RS III 36 (36) NR NR 11/16 

KL = Kellgren-Lawrence 
NR = Not Reported 
OA = Osteoarthritis 
PS = Prospective study 
RS = Retrospective study 
SD = Standard Deviation 
TKA = Total Knee Arthroplasty 
THA = Total Hip Arthroplasty 

luxation on the tibia is often observed. Therefore, it might 
seem logical to anticipate that methods utilizing a single 
reference point would be less reliable compared to those 
employing two separate reference points—one for the tibia 
and one for the femur. However, our meta-analysis did not 
support this assumption, as it revealed very similar results 
between Group I and Group II. 

Several studies have investigated the FTA-HKA correla
tion using semi-flexed PA SKRs,10,20,22,23,30 which reflect 
the knee’s loading position, instead of fully-extended AP 
SKRs. The only study directly comparing the FTA-HKA cor
relation using both types of SKRs was conducted by Kraus 
et al,20 revealing correlation coefficients of 0.65 and 0.75 

when employing AP and PA SKRs, respectively. In contrast, 
our meta-analysis yielded a stronger mean correlation co
efficient for AP SKRs compared to PA SKRs, with values of 
0.79 vs 0.75 and 0.80 vs 0.66 for Method I and III, respec
tively. These results suggest that AP SKRs may be a prefer
able option for assessing the FTA-HKA correlation. 

It’s crucial to acknowledge substantial discrepancies 
across the included studies of the current systematic re
view. The reported differences between FTA and the HKA 
vary widely, ranging from less than 111,12 to more than 
7°.10,13,24,25 The heterogeneity of these results may stem 
from factors other than variations in FTA measurement 
methods and type of SKR used, such as presence, direction 
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Table 2. Types of knee radiographs, demographic characteristics, FTA methods and FTA-HKA correlations            

Study Knee 
Radiograph 

FTA Method Type of knee Lower Limb 
Alignment 
(knees) 

FTA-HKA 
Correlation 

Chang et al AP SKR Method 3 99 low grade OA, 
102 end stage OA 

Varus: NR 
Valgus: NR 
Neutral: NR 

Control group: 
M 0.678 
F 0.664 e 
OA group: 
M 0.692 
F 0.800 
TKA group: 
M 0.429 
F 0.273 

Colebatch 
et al 

AP SKR Method 1 KL 0-1 Varus: 47 (58.8%) 
Valgus: 10 
(12.5%) 
Neutral: 23 
(28.8%) 

0.81 

Felson et al PA SKR Method 3 OAI: 
KL 0: 29 (10.3%) 
KL 1: 51 (18.2%) 
KL 2: 96 (34.2%) 
KL 3: 87 (31%) 
KL 4: 0 (0%) 
BOKS: 
KL 0: 39 (13%) 
KL 1: 71 (23.4%) 
KL 2: 84 (27.6%) 
KL 3: 99 (32.8%) 
KL 4: 10 (3.2%) 

OAI: 
Varus: 121 
Valgus: 61 
Neutral: 99 
BOKS: 
Varus: 174 
Valgus: 60 
Neutral: 69 

OAI: 
0.66 
BOKS: 
0.68 

Gielis et al AP SKR Method 1: 
Fem3Tib3, 
Fem4Tib4 
Method 2: 
Fem2Tib2 
Method 3: 
Fem2Tib3, 
Fem2Tib4 
Method 4: 
Fem2Tib1 
Method 5: 
Fem1Tib1 
Method 6: 
Fem1Tib3, 
Fem1Tib4 

KL 0: 9 (8.2%) 
KL 1: 23 (20.9%) 
KL 2: 30 (27.3%) 
KL 3: 36 (32.7%) 
KL 4: 12 (10.9%) 

NR Fem3Tib3: 0.84 
Fem4Tib4: 0.83 
Fem2Tib2: 0.87 
Fem2Tib3: 0.89 
Fem2Tib4: 0.89 
Fem2Tib1: 0.90 
Fem1Tib1: 0.88 
Fem1Tib3: 0.86 
Fem1Tib4: 0.86 

Hinman et 
al 

AP FLR 
(cropped to size 
of SKR) 

Method 1 KL 1: 3 (7.5%) 
Kl 2: 10 (25%) 
KL 3: 11 (27.5%) 
KL 4: 16 (40%) 

Varus: 36 (90%) 
Valgus: 3 (8%) 
Neutral: 1 (2%) 

0.88 

Iranpour-
Boroujeni 
et al 

PA SKR Method 1: 
Existing FTA 
Method 
Method 8: 
New FTA 
Method 

KL 0: 29 (10.9%) 
KL 1: 39 (14.7%) 
KL 2: 91 (34.2%) 
KL 3: 87 (32.7%) 
KL 4: 20 (7.5%) 

M: 
Varus 75 (60%) 
Valgus 13 (10%) 
Neutral 38 (30%) 
F: 
Varus 38 (27%) 
Valgus 60 (42%) 
Neutral 42 (30%) 

Existing FTA 
Method: 0.68 
New FTA 
Method: 0.72 

Issa et al PA SKR Method 1 KL 0: 4 (2.7%) 
KL 1: 18 (12.3%) 
KL 2: 68 (46.6%) 
KL 3: 46 (31.5%) 
KL 4: 10 (6.8%) 

NR 0.86 

Kraus et al AP SKR 
PA SKR 

Method 1 KL 0: 3 (2.6%) 
KL 1: 25 (21.9%) 
KL 2: 30 (26.3%) 
KL 3: 42 (36.9%) 
KL 4: 14 (12.3%) 

M: 
Varus 19 (55.9%) 
Valgus 5 (14.7%) 
Neutral 10 
(29.4%) 
F: 

AP: 0.65 
PA: 0.75 
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Study Knee 
Radiograph 

FTA Method Type of knee Lower Limb 
Alignment 
(knees) 

FTA-HKA 
Correlation 

Varus 40 (50%) 
Valgus 31 (38.7%) 
Neutral 9 (11.3%) 

McDaniel 
et al 

PA SKR Method 1: 
Method B, 
Method C, 
Method D 
Method 2: 
Method A 
Method 3: 
Method E 

KL 1, 2, 3 NR Method A: 0.50 
Method B: 0.65 
Method C: 0.55 
Method D: 0.64 
Method E: 0.59 

Navali et al AP FLR 
(cropped to size 
of SKR) 

Method 1 NR Varus: NR 
Valgus: NR 
Neutral: NR 
mean HKA 175.9 
± 11.3 

0.93 

Park et al AP SKR Method 7 Pre-operative (KL 
NR) 
Post-operative (TKA) 

Pre-operative: 
- varus: NA 
- valgus: NA 
- neutral: 26/187 
Post-operative: 
- varus: NA 
- valgus: NA 
- neutral: 116/
206 

Pre-operative: 
0.90 
Post-operative: 
0.69 

Shang et al AP SKR Method 7 Post-operative TKA Varus: 126 
(56.5%) 
Valgus: 14 (6.3%) 
Neutral: 83 
(37.2%) 

0.86 

Sheehy et al AP FLR 
(cropped to size 
of SKR) 

Method 3 KL ≥2: 
Complete dataset: 
51% 
Group 1: 
70% 
Group 2: 
33% 
Group 3: 
20% 
Group 4: 
80% 

Group 1 (30): 
HKA ≥ 5.0° varus 
Group 2 (30): 
HKA 0.0-4.9° 
varus 
Group 3 (30): 
HKA 0.1-4.9° 
valgus 
Group 4 (30): 
HKA ≥ 5.0° 
valgus 

Complete 
dataset: 0.88 
Group 1: 
0.41 
Group 2: 
0.45 
Group 3: 
0.50 
Group 4: 
0.66 

Skytta et al AP SKR Method 5 Post-operative TKA Varus: 44 (43%) 
Valgus: 33 (32%) 
Neutral: 26 (25%) 

0.54 

Stickley et 
al 

AP SKR Method 3 KL NR Varus: NR 
Valgus: NR 
Neutral: NR 
Mean HKA: 174.7 
± 7.7° 

0.88 

Van Raaij et 
al 

AP FLR 
(cropped to size 
of SKR) 

Method 3 
FTb 
Method 5: 
FTa 

Medial compartment 
OA 
KL 1: 27 (40%) 
KL 2: 12 (18%) 
KL 3: 28 (41%) 
KL 4: 7 (1%) 

Varus: NR 
Valgus: NR 
Neutral: NR 
Mean HKA: 173.1 
±3.7° 

FTa: 0.65 
FTb: 0.34 

Zampogna 
et al 

AP SKR Method 1: FTa1 
Method 5: FTa2 

Pre-operative 
Medial compartment 
OA 
(KL NR) 
Post-operative 
(HTO) 

Pre-operative: 
Varus 36 
Valgus 0 
Neutral 0 
Mean HKA: 
172.9° 
Post-operative: 
NR 
Mean HKA: 

FTa1 
Pre-operative: 
0.26 
Post-operative: 
0.53 
FTa2 
Pre-operative: 
0.71 
Post-operative: 
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Study Knee 
Radiograph 

FTA Method Type of knee Lower Limb 
Alignment 
(knees) 

FTA-HKA 
Correlation 

181.3° 0.79 

AP = Antero-posterior 
FTA = Femorotibial Angle 
HTO = High Tibial Osteotomy 
KL = Kellgren-Lawrence 
NR = Not Reported 
OA = Osteoarthritis 
PA = Postero-anterior 
SKR = Short Knee Radiograph 
TKA = Total Knee Arthroplasty 

and degree of femoral/tibial bowing or other extra-articular 
deformities,31 direction and degree of lower limb malalign
ment,25 sex,10,13,20 pre- vs post-operative state,18,28 and 
sample size across different studies. 

Significant femoral and/or tibial bowing, present in a 
varying percentage of the population,32,33 can significantly 
impact the predictive accuracy of FTA for HKA, as high
lighted by Oh et al.31 Their study revealed a twofold in
crease in the rate of misalignment categorization in knees 
with bowing compared to those without (26.2 vs. 13.1%). 
Incorporating a longer shaft length in the SKR could po
tentially capture the presence of extra-articular deformity, 
offering an explanation for the heightened FTA-HKA cor
relation observed by Chang et al13 when utilizing 15 cm 
shaft length, compared to the standard 10 cm. Similar re
sults were also reported by Park et al28 and Sheehy et al.25 

Additionally, research suggests that the FTA-HKA corre
lation may vary depending on the type of alignment and the 
severity of deformity, as demonstrated by Sheehy et al25 In 
their study, they found that using a shorter shaft length for 
assessing the FTA resulted in an increase in the FTA-HKA 
offset in varus limbs and a decrease in valgus limbs. Fur
thermore, inconsistent findings regarding offsets between 
HKA and FTA have also been reported between males and 
females in previous studies.10,13,20 While some authors10,20 

reported a smaller offset in the female population, ranging 
from 3 to 3.5°, Chang et al13 reported opposite trends. 

Various efforts have been undertaken to derive the HKA 
from the FTA through predictive equations.11,13,20 How
ever, their reliability and external validity appear to be lim
ited, likely as a consequence of the small sample sizes, as 
pointed out by Stickley et al.26 Indeed, their findings indi
cate that, when applying the gender-specific equation from 
Chang et al13 and the generalized equation from Kraus 
et al20 to 788 consecutive cases, they accurately predicted 
HKA within ±3° in only 61% of males and 63% of females, 
and 36% of males and 44% of females, respectively. 

Finally, the predictive ability of the FTA for determining 
the HKA also appears significantly influenced by whether 
pre-operative or post-operative images are analyzed. In the 
TKA population, Park et al28 observed a more than twofold 
increase in the misclassification rate of patient alignment 
when using post-operative compared to pre-operative im
ages (33.0 vs 13.9%), coupled with a lower FTA-HKA corre
lation (0.69 vs 0.90). Conversely, in a high tibial osteotomy 
population, Zampogna et al18 found that the FTA-HKA cor

relation was higher for post-operative compared to pre-op
erative images for both methods considered (FTa1: 0.53 vs. 
0.26; FTa2: 0.79 vs. 0.71). 

Our findings support the hypothesis that FTA lacks reli
able accuracy in predicting the HKA in most knees. More
over, inconsistent boundaries have been reported in the 
literature for categorizing alignment as neutral, varus or 
valgus based on the FTA values,9,34,35 thus limiting its util
ity also for broader analytical purposes, as shown by Shang 
et al.29 Therefore, we advocate for the use of FLRs whenever 
precise estimation of the patient’s alignment is necessary. 
Additionally, caution is advised in interpreting studies in
vestigating knee alignment or outcomes after knee arthro
plasty procedures based on FTA. 

The findings of the present study need to be considered 
in light of its potential limitations. The considerable het
erogeneity of the populations among the studies in terms 
of age, sex, type of alignment and presence vs absence of 
knee osteoarthritis, underscores the need for a cautious in
terpretation of the results. Additionally, a high level of het
erogeneity was observed within the results of the meta-
analysis, with the I2 exceeding 85% in nearly all reported 
correlations. Finally, the limited number and low evidence 
level of included studies, mostly categorized as level IV, as 
well as variations in FTA-HKA offsets, predictive equations, 
and FTA definitions, pose challenges in comparing results 
and may introduce bias in the absence of subgroup analy
sis. 

5. CONCLUSIONS 

Irrespective of the its definition or type of SKR used, FTA 
lacks reliable accuracy in predicting the HKA in most knees. 
The variability in offset between HKA and FTA is unpre
dictable and highly influenced by inter-individual factors. 
Full-length radiographs should be used whenever precise 
estimation of the patient’s alignment is necessary. Addi
tionally, caution is advised in interpreting studies investi
gating knee alignment or outcomes after knee arthroplasty 
based on FTA. 
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Table 3. FTA methods and definitions     

FTA 
METHOD 

FTA DEFINITION STUDIES 

Method 1 Angle formed by the intersection of a femoral axis 
drawn between (a) the femoral mid-shaft 10 cm 
proximal to the center of the tibial spines and (b) the 
center of the tibial spines, and a tibial axis drawn 
between (a’) the center of the tibial spines and (b’) 
the tibial mid-shaft 10 cm distal to the center of the 
tibial spines 

Method 2 Angle formed by the intersection of a femoral axis 
drawn between (a) the femoral mid-shaft 10 cm 
proximal to the center of the femoral notch and (b) 
the center of the femoral notch, and a tibial axis 
drawn between (a’) the center of the femoral notch 
and (b’) the tibial mid-shaft 10 cm distal to the 
center of the femoral notch 

Method 3 Angle formed by the intersection of a femoral axis 
drawn between (a) the femoral mid-shaft 10 cm 
proximal to the center of the femoral notch and (b) 
the center of the femoral notch, and a tibial axis 
drawn between (a’) the center of the tibial spines 
and (b’) the tibial mid-shaft 10 cm distal to the 
center of the tibial spines 

Method 4 Angle formed by the intersection of a femoral axis 
drawn between (a) the femoral mid-shaft 10 cm 
proximal to the center of the femoral notch and (b) 
the center of the femoral notch, and a tibial axis 
drawn between (a’) the junction of the tibial meta-
epiphysis and (b’) the tibial mid-shaft 10 cm distal to 
the center of the tibial spines 

Gielis et al 

Method 5 Angle formed by the intersection of a femoral axis 
drawn between (a) the femoral mid-shaft 10 cm 
proximal to the center of the femoral notch and (b) 
the junction of the femoral meta-epiphysis, and a 
tibial axis drawn between (a’) the junction of the 
tibial meta-epiphysis and (b’) the tibial mid-shaft 10 
cm distal to the center of the tibial spines 

Method 6 Angle formed by the intersection of a femoral axis 
drawn between (a) the femoral mid-shaft 10 cm 
proximal to the center of the femoral notch and (b) 
the junction of the femoral meta-epiphysis, and a 
tibial axis drawn between (a’) the center of the tibial 
spines and (b’) the tibial mid-shaft 10 cm distal to the 
center of the tibial spines 

Gielis et al 

Method 7 Angle formed by the intersection of a femoral axis 
drawn between (a) the most proximal part of the 
femoral mid-shaft included on the film and (b) the 
femoral mid-shaft 10 cm proximal to the joint line, 
and a tibial axis drawn between (a’) the tibial mid-
shaft 10 cm distal to the joint line and (b’) the most 
distal part of the tibial mid-shaft included on the film 

Method 8 Angle formed by the intersection of a femoral axis 
represented by the perpendicular to a line tangent 
to the base of the femoral condyles and centered 
between the outer margins of the medial and lateral 
femoral epicondyles, and a tibial axis passing 
through the tibial mid-shaft between 1 and 10 cm 
below the tibial joint line 

Iranpour-Boroujeni et al 

1. Hinman et al 

2. Zampogna et al 

3. Colebatch et al 

4. Navali et al 

5. Kraus et al 

6. Issa et al 

7. Gielis et al 

8. Iranpour-Boroujeni et al 

9. McDaniel et al 

1. Gielis et al 

2. McDaniel et al 

1. Stickley et al 

2. Sheehy et al 

3. Van Raaij et al 

4. McDaniel et al 

5. Gielis et al 

6. Felson et al (database OAI) 

7. Felson et al (database BOKS) 

8. Chang et al 

1. Zampogna et al 

2. Van Raaij et al 

3. Gielis et al 

4. Skytta et al 

1. Shang et al 

2. Park et al 
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Figure 2. FTA-HKA correlation of the 3 most commonly used FTA methods           
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Figure 3. FTA-HKA correlation based on the method used to determine the knee’s center: Group I, one reference                 
point; Group II, one reference point for the proximal tibia e one for the distal femur                 

Figure 4. FTA-HKA correlation when using AP vs PA SKRs in Method 1 and Method 3               
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