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Introduction and Purpose: An abnormal patellar position has been proven to be asso-
ciated with anterior knee pain and several other conditions that affect the patellofemoral 
joint. The purpose of this study was to determine the incidence of patella alta and patella baja 
and the applicability of the normal range of the Insall-Salvati ratio in the Vietnamese 
population.
Methodology: Magnetic resonance imaging (MRI) was used to examine 455 Vietnamese 
subjects’ knees. The Insall-Salvati ratio—the ratio of patellar ligament length (LL) and 
patellar length (PL)—was measured using sagittal T1-weighted images.
Results: The overall mean LL/PL ratio was 1.02 (standard deviation 0.15). No significant 
differences in the LL/PL ratio were observed between sexes. The frequencies of patella alta 
(Insall-Salvati ratio >1.32) and patella baja (Insall-Salvati ratio <0.72) were 0.9% and 2.4%, 
respectively.
Conclusion: The Insall-Salvati ratio is applicable to Vietnamese populations in which high 
flexion activities such as kneeling and sitting cross-legged are customary. According to our 
measurement, the normal range of the ratio among Vietnamese subjects was 0.72 to 1.32.
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Introduction
Anterior knee pain is commonly found among young physically active adults and 
adolescents.1–3 Its pathogenesis is multifactorial.1 Patellar malalignment has been 
recently suggested to be an important factor contributing to the mechanism of anterior 
knee pain.4 In addition to several other conditions that affect the patellofemoral joint, 
patella alta and patella baja are among the most common patellar pathologies encoun-
tered by physicians and radiologists.5 The Insall-Salvati ratio has been used to evaluate 
patellar height.6 This ratio is calculated by comparing the diagonal length of the patella 
with the patellar ligament.6 Insall and Salvati suggested a method to determine the ratio 
on radiographs.6 However, magnetic resonance imaging (MRI) has proven to be an 
effective and accurate tool to calculate the Insall–Salvati ratio.7,8 MRI allows the accurate 
measurement of the patellar length and the length of the patellar ligament without the risk 
of radiation exposure.8 The patellar morphology, however, varies according to genetics, 
lifestyle, and social and cultural practices.9 People with squatting or kneeling habits, such 
as those who live in Southeast Asia, or individuals who frequently practice yoga, such as 
residents of India and other Asian countries, may also have different morphologies than 
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Western populations.9,10 Studies have shown great variety in 
patellar morphology among ethnic groups.10–12 Differences in 
the Insall-Salvati ratio between sexes have also been 
reported.9,13 Thus, the widely accepted values of the Insall- 
Salvati ratio for Western populations may not be applicable in 
Asian populations. Ratios specific to different ethnic groups 
would be of great benefit for practicing clinicians and radiol-
ogists when evaluating patellar position via MRI or radio-
graphs. Therefore, we conducted this study to explore the 
normal range of the Insall-Salvati ratio and to determine the 
incidence of patella alta and patella baja in the Vietnamese 
population.

Methodology
Subjects were recruited from a hospital in central Vietnam. 
Inclusion criteria was individuals aged ≥18 years old. 
MRIs of 455 knees were taken to measure the length of 
the patella and the patellar ligament. The patients were 
referred for MRI for various reasons. For purposes of this 
study, exclusion criteria were a history of knee fracture, 
knee dislocation or surgery. All patients were scanned 
using a 1.5 Tesla MRI scanner (Siemens, Erlangen, 
Germany) from February 2020 to February 2021. Knee 
images were obtained using sagittal images without fat 
saturation (TE: 12.0 ms; TR: 552 ms; acquisition matrix: 
320x320) with the knees in 0° of flexion. Image processing 
and measurement were carried out on a workstation pro-
vided by the manufacturer. The patellar ligament length 
(LL) and the patellar length (PL) were measured using 
mid-sagittal T1-weighted images (Figure 1). The patellar 
length was measured from the superior articular margin to 
the distal anterior tip of the patella. The patellar ligament 
length was measured along the posterior margin of the 
ligament from the patellar attachment to the tibial inser-
tion. The LL/PL ratio was calculated. All measurements 
were carried out by two radiologists, one with more than 
15 years of experience and the other with 3 years of 
experience. If they disagreed on a measurement, they dis-
cussed the issue and reached a final conclusion by con-
sensus. The mean LL/PL ratio and the standard deviation 
(SD) were calculated using IBM SPSS Statistics version 
24. LL/PL ratios higher or lower than the 2SD range were 
considered abnormal. Student’s t test was used to test the 
difference between sexes, with p < 0.05 considered statis-
tically significant. This study was approved by the Ethics 
Committee of Hue University of Medicine and Pharmacy, 
Hue University, Vietnam. Patients gave informed consent.

Results
The data were in a left-skewed distribution (Figure 2). 
There was good intra- and inter-observer correlation. The 
overall mean LL/PL ratio was 1.02 (SD 0.15) for both 
sexes. No significant differences in the LL/PL ratio were 
observed between sexes (Table 1). Patella alta and patella 
baja were defined as LL/PL ratios greater than 1.32 and 
less than 0.72, respectively. The frequencies of patella alta 
and patella baja were 0.9% and 2.4%, respectively.

Discussion
The main finding of this study was that the normal range of the 
Insall-Salvati ratio among the Vietnamese population was 0.72 
to 1.32. Given that patellar malalignment may play an impor-
tant role in anterior knee pain, accurate diagnosis of the 
patellar position is crucial for treatment and prognosis. 
Interestingly, our results overlap substantially with Western 
and Nigerian populations.6,8,14,15 However, the cutoff value 
for patella alta and patella baja in our study was lower than that 
in studies of Indian and Emirati populations10,11 but slightly 
higher than that in Korean populations (Table 2).9 Our find-
ings, along with those of previous studies, suggest a great 
variety in the Insall-Salvati ratio across ethnicities. Sex had 
no effect on the Insall-Salvati ratio in the Vietnamese 

Figure 1 Measurement of patellar height and the length of the patellar ligament. 
The patellar length (white double arrow) was measured from the superior articular 
margin to the distal anterior tip of the patella. The patellar ligament length (white 
dashed double arrow) was measured along the posterior margin of the ligament 
from the patellar attachment to the tibial insertion.
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population. This finding is in line with those of some reported 
studies,8,16 although other studies have found sex 
differences.9,12,13 This inconsistent findings may be related to 
ethnic differences, sampling bias or differences in measure-
ment methodology.

The frequencies of patella alta (Insall–Salvati ratio >1.32) 
and patella baja (Insall–Salvati ratio <0.72) were 0.9% and 
2.4%, respectively. Patellar alta appeared less common in the 
Vietnamese population than in the Korean group (0.9 vs 
1.9%), respectively, but patellar baja was more common in 
the Vietnamese population than in the Korean population 
(2.4 vs 2.11%) using the same measurement method.9 In 
both populations, patella alta was less common than patella 

baja. In the Indian population, patella alta appeared more 
common than patellar baja (2.8% and 1.0%, respectively) 
(Table 3).10 These inconsistent findings again reflect the great 
diversity of patellar positions across ethnicities.

Patella malalignment may result in patellofemoral pain, 
instability, restricted motion and osteoarthritis.9,17,18 Surgical 
repair can restore knee functionality with overall favorable 
outcomes.19 However, one should keep in mind that anterior 
knee pain has multifactorial etiologies. The diagnosis of ante-
rior knee pain remains controversial.3 A clear correlation is 
often lacking between structural abnormalities and clinical 
symptoms.3 Clinical diagnosis and imaging techniques are 
usually indicated to evaluate associated structural changes, if 

Figure 2 The distribution of the Insall-Salvati ratio for the whole sample. The thick solid line shows the mean (1.02), and the broken lines show the normal range within the 
2 SD range (0.72, 1.32).

Table 1 Insall-Salvati Ratio According to Age and Sex

Total Patients 
(n = 455)

Female 
(n = 208)

Male 
(n = 247)

p-value 
(Female versus Male)

Mean ± SD 
(Range)

Mean ± SD 
(Range)

Mean ± SD 
(Range)

Age 40.19 ± 14.63 

(18, 95)

46.58 ± 14.62 

(18, 95)

34.82 ± 12.3 

(18, 79)

< 0.05

LL (cm) 4.06 ± 0.52 

(2.59, 5.65)

3.88 ± 0.47 

(2.59, 5.09)

4.21 ± 0.52 

(2.75, 5.65)

< 0.05

PL (cm) 4 ± 0.36 

(3.11, 5.17)

3.76 ± 0.28 

(3.11, 4.9)

4.19 ± 0.3 

(3.2, 5.17)

< 0.05

LL/PL ratio 1.02 ± 0.15 

(0.66, 1.59)

1.03 ± 0.15 

(0.76, 1.59)

1.01 ± 0.15 

(0.66, 1.48)

0.064

Abbreviations: LL, ligament length; PL, patellar length; SD, standard deviation.
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any.20 Avoiding unnecessary surgery is as important as identi-
fying the etiology. Therefore, one should be very cautious 
when establishing a diagnosis of patellofemoral joint disorder. 
A comprehensive history and physical examination, along 
with other functional tests, are crucial for the evaluation of 
patients with anterior knee joint pain.21 Ethnicity and sex 
should always be taken into account. In addition, values of 
the Insall-Salvati ratio for specific ethnic groups are of great 
importance for accurately evaluating the patellar position.

Our study had several limitations. The first drawback 
might be sampling bias. Recruitment of patients undergoing 
MRIs for symptomatic knees may bias the sample. Sampling 
in the normal population would be ideal. However, that is 
impossible, both technically and ethically. The second lim-
itation is the difference in the numbers of men and women 
and the ages of the two sexes. The reason for this is that 
young men are more often involved in intense physical 
activities; thus, men are more prone to knee pain and/or 
injury at an earlier age than women, who usually experience 
knee pain due to degenerative arthritis. The third limitation 
is the constricted sample size in a single-institution study. 
A multi-institutional survey would be more broadly repre-
sentative of the population as a whole.

Conclusion
The Insall-Salvati ratio is applicable to the Vietnamese popu-
lation, in which high flexion activities such as squatting, 

kneeling, and sitting cross-legged are customary. According 
to our data, the normal range of the Insall-Salvati ratio among 
the Vietnamese population was 0.72 to 1.32. The frequencies 
of patella alta and patella baja were 0.9% and 2.4%, 
respectively.

Abbreviations
MRI, magnetic resonance imaging; LL, patellar ligament 
length; PL, patellar length; SD, standard deviation.
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