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Abstract 
The gold standard for evaluating postoperative alignment after total knee arthroplasty (TKA) has 
been standing AP hip to ankle radiograph. The objective of this study was to determine if the angle 
between the anatomic axis of the tibia and femur measured on short standard radiographs accu-
rately reflected overall coronal and mechanical alignment from full length knee films. Both full 
length and short length knee films were retrospectively compared measurements made on from 
188 knees in 129 consecutive patients after primary TKA between July 1990 and January 1991. 
The tibiofemoral angle, distal femur and proximal tibia resection angles, and mechanical align-
ment were evaluated on the long leg by a blinded observer. The difference in the tibiofemoral an-
gle measured on short and long leg films, 4.4 (+/−2.9) vs 5.2 (+/−3.0) degrees of valgus, respec-
tively, was statistically significant (p < 0.01). The correlation coefficient between the tibiofemoral 
angle and mechanical axis was 0.9 (p < 0.01). There was no difference in the distal femur or prox-
imal tibia resection angle measured on short length knee vs long leg films. In conclusion, the tibi-
ofemoral angle measured on short length knee radiographs accurately reflects postoperative 
alignment. The differences between tibiofemoral angle and the mechanical alignment are highly 
correlated and equivalent measures of overall alignment. 
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1. Introduction 
Restoring coronal alignment in total knee arthroplasty (TKA) has been associated with improved implant sur-
vival [1] [2]. The “normal” alignment of the lower extremity has been described as a mechanical axis passing 
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through the center of the knee and perpendicular to the ground, or an anatomic tibiofemoral angle of 7 to 9 de-
grees of valgus. Moreland emphasized the need for full length standing AP hip to ankle films (14 × 51 inch) to 
assess postoperative alignment [3]. Peterson and Engh compared measurements from long and short films and 
reported a statistically significant difference of 1.4 degrees, but found that the mechanical alignment was 
strongly and directly related to the anatomic tibiofemoral angle [4]. Postoperative long leg films, however, are 
not routinely obtained because of the technical difficulty and increased cost. To determine the value of long leg 
films, the measurements from short standard length (14 × 17 inch) and long leg films are compared. The ana-
tomic tibiofemoral angle was also compared with the mechanical axis (hip-knee-ankle angle) as a measure of 
overall coronal alignment. 

2. Methods 
Between July 1990 and January 1991, all primary TKAs were followed postoperatively with long leg and short 
knee films. Patients who did not have full length radiographs or more than 2 months of follow-up were excluded 
from the study. After IRB approval, the eligible 188 knees, 129 patients including 81 female and 48 males were 
studied (Table 1(a)). There were 170 osteoarthritis, 4 osteonecrosis, 10 rheumatoid arthritis and 10 other diag-
nosed knees. All cases utilized with Anatomic Graduate Components (AGC, Biomet, Inc, Warsaw, IN) total 
knee system (Table 1(b)). Long leg films were obtained 2 months after surgery using a standardized and pre-
viously described protocol [5] and evaluated by an independent, blinded observer. Several angles were measured 
to the nearest degree using a hand held goniometer as previously described, including the distal femoral and 
proximal tibia cut angles, and the tibiofemoral angle between the anatomic axis of the tibia. For short leg film, 
the tibiofemoral angle was acquired through the equation: (Femoral cut angle − 90) − (90 − tibial cut angle). The 
following measurements were made on short length films by the attending surgeons: the distal femur and prox-
imal tibia resection angles. 
 

Table 1. (a) Patient Demographics. (b) Diagnosis and Prosthesis type. OA: 
osteoarthritis, ON: osteonecrosis, RA: rheumatoid arthritis. 

(a) 

Knees 188 

Patients 129 

Female 81 

Male 48 

  
Average Age 70.5 

Average BMI 27.8 

(b) 

Diagnosis number percent 

OA 170 90.4% 

ON 4 2.1% 

RA 10 5.3% 

Other 4 2.1% 

Total 188 100% 

Prosthesis number percent 

AGC (all poly) 138 73.4% 

AGG (metal tibia) 49 26.1% 

Other 1 0.5% 

Total 188 100.0% 
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3. Results 
The mean tibial cut angle was 89.7 (±2.4) of varus on long length films and was 89.3 (±2.5) on short length 
films (Table 2). There was no significance in tibial cut angle and its standard deviation. The mean femoral cut 
angle measured on long length films was 95.5 (±2.3) of valgus, compared to 95.1 (±4.1) degrees of valgus as 
measured on short leg radiographs. There was no significance in the femoral cut angle, but there was a signifi-
cant high standard deviation (p < 0.0001) on short films, which means that the femoral angle is more than 200% 
variable on short films compared to long films. The mean tibiofemoral angle was 5.2 (±3.0) of valgus on long 
films, compared to 4.4 (±2.9) of valgus on short leg films. The difference of 0.8 degrees, however, was statisti-
cally significant (p = 0.0005) (Table 2). The tibiofemoral angle from short length films was found to be highly 
correlated with the mechanical alignment from long leg films, r = 0.9 (p < 0.01). 

4. Discussion 
The current study demonstrated the clinical usefulness of a short film in postoperative follow-up. Although the 
measurements of overall coronal alignment from long and short films were statistically different, the difference 
of less than one degree is not of significant importance clinically. This difference detected in this study of 0.8 
degrees was similar in magnitude to previous reports. Dorr et al reported a difference of 1.9˚ of valgus between 
long leg and standard knee films [6]. 

To use a long or a short film is an old and new problem in TKA [4] [7]-[9]. Some studies suggested the ana-
tomic axis of the knee on a short film appears to be a valid alternative to the hip-knee-ankle axis of the limb on a 
long leg radiograph [7] [8]. Other study concluded short knee films cannot substitute for whole leg views when 
accurate assessment of the hip-knee-ankle axis is essential [9]. Peterson and Engh studied 50 patients with long 
leg and standard knee films and found a mean tibiofemoral angle of 5.8˚ ± 3.1˚ of valgus, compared to 7.2˚ ± 
3.9˚ valgus on long leg films [4]. Their difference of 1.4˚ ± 2.2˚ was similar to that found in this study, but was 
interpreted to be clinically significant based on the potentially large difference based on a wide confidence in-
terval. However, the error associated with making measurements with a handheld goniometer as reflected by the 
standard deviation does not make this difference clinically significant. Rather, the fact that the standard devia-
tion was greater than the actual detected difference only illustrates the lack of precision of the measurements and 
the small sample size. 

Short length knee films underestimated the degree of valgus in the study, which agrees with the findings of 
Peterson and Engh [4]. Technical difficulties associated with accurately determining the anatomic axis of the ti-
bia and femur may account for some of the differences between measurements made on short knee films versus 
long leg films. Even though the short length knee films were centered at the knee joint, the visualization of both  
 
Table 2. Average measured angles, Std. dev; Standard deviation. 

 Tibia cut angle Std. dev. Range 

Long film 89.7 ±2.4 [83.5, 98.0] 

Short film 89.3 ±2.5 [82.0, 96.0] 

 p = 0.0709 (paired t-test) p = 0.4673 (F test) am 

 Femoral cut angle Std. dev. Range 

Long film 95.5 ±2.3 [89.1, 102.0] 

Short film 95.1 ±4.1 [84.0, 105.0] 

 p = 0.1736 (paired t-test) p < 0.0001 (F test)  

 Tibiofemoral angle Std. dev. Range 

Long film 5.2 ±3.0 [−4.0, 13.0] 

Short film 4.4 ±2.9 [−2.0, 13.0] 

 p = 0.0005 (paired t-test) p = 0.4672 (F test)  
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sides of the joint was not equal. The metaphyseal regions of the distal femur and proximal tibia may not be 
symmetric or collinear with the diaphysis. Bowing of the tibia and femur not visualized on the short length knee 
films could also lead to differences, but were not identified as a source of error in this study. Finally, although 
the method of obtaining hip to ankle films was standardized, several films were taken in external rotation. This 
illustrates the difficulty and additional error of using long leg films. 

Mechanical alignment can only be determined on long leg films. In this study, the angle between the mechan-
ical axis of the femur and tibia was found to be directly related to the anatomic tibiofemoral angle with a corre-
lation coefficient of 0.9. The mechanical alignment can also be described as the distance of the mechanical axis 
of the lower extremity to the center of the knee. Peterson and Engh [4] showed that this measure was highly and 
directly correlated with the anatomic tibiofemoral angle, p < 0.001. Thus, these results show that either the me-
chanical or anatomic angle can be used to assess postoperative alignment of the lower extremity. 

5. Conclusion 
Postoperative alignment is one of the most important objective measures and determinants of success after TKA. 
The tibiofemoral angle measured on short length knee radiographs is equivalent to the mechanical alignment 
obtained on long leg films in assessing coronal alignment. The current study demonstrated a short leg film is 
sufficient for postoperative follow-up. Further study should reconfirm this application with digital films on 
computer display which are currently standard. 
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