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ABSTRACT
Radiographic anatomic findings have been defined to help surgeons and physicians understand both normal and pathologic
anatomy. These findings have been defined in terms of know
angles and lines drawn on radiographs. Through understanding
the normal geometry, bony alignment, and range of morphology
the provider can more easily identify aberrancies that can potentially be corrected to address a patient’s symptoms. One such
pathology, patella alta, has had many iterations of radiographic
measures to help in diagnosis and treatment. It is important for
the surgeon to understand the history of the many measures and
the utility of each in determining which measure should be used.
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INTRODUCTION
The use of radiographic lines and angles in orthopedics has
been valuable for the evaluation of pathology. These anatomic guides help physicians with their clinical decisionmaking. Many pathological conditions, such as recurrent
patella subluxation, dislocation,1-6 and chondromalacia,7-9 to
name a few, have been correlated to such lines and angles.
Many have studied the patellofemoral joint and its
utility in assessing for pathology, guiding treatment,
and predicting outcome.10-12 Patellar dysfunction is commonly assessed for utilizing the height of the patella,
patellar morphology, alignment of anatomical landmarks
associated with the patellofemoral joint, and trochlear
dysplasia. Some believe that the current definition of
patella alta is insufficient and unclear.13,14 In reviewing
the literature back to the early 20th century, we found
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the first radiographic definition of patella alta given by
Jansen.15 He defined patella alta as a condition where the
lower pole of the patella is no longer articulating with
the trochlea. Boon-Itt16 found this to be true in his study
of the “normal position of the patella.” He subsequently
defined a “patellar index” for measuring patella alta using
this definition, with values >1.0 indicating patella alta.
Blumensaat described a more practical technique
that compared a line parallel to the ventral border of the
intercondylar fossa that extended out past the patella.
He defined normal as the apex of the patella intersecting
this line. Since Blumensaat’s method, multiple techniques
have been described in the literatures that are used to
evaluate the height of the patella. Up until 2006, subsequent methods utilized ratios consisting of measurements
outside of the patella-trochlear joint.17-22 Using an index
directly comparing the patella’s position in relation to
the trochlea was revived by Biedert and Albrecht,23 who
described the “Patellar Trochlear Index” using magnetic
resonance imaging (MRI). He defined a normal knee as
having a 31.7% overlap between the distal portion of the
patellar articular cartilage and the trochlea, remarkably
close to the 25% estimated by Boon-Itt 76 years prior.23 He
defined abnormal as overlap <11%. In contrast, Boon-Itt
defined patella alta as no overlap.
Perhaps the most popular of the patellar indices to
date is Insall–Salvati due to its convenient normal ratio of
one and lack of variability between 20 and 70° of flexion.
However, each measurement technique has its own set
of challenges and utility. In an article published by Seil
et al24 assessing the reliability between patellar height
ratios, he determined that patella height classification
and patella alta relies heavily on the ratio used. These
differences have been thought to be due to variations in
anatomical landmarks between patients. They published
variability in 68% of patients when classified as alta, baja,
or norma for Insall–Salvati, Modified Insall–Salvati, and
Caton–Deschamp indices.
The goal of this study is to review the radiographic
measurements used to separate normal from abnormal
patella and patellofemoral anatomy.

PATELLA ALTA
In 1899, Schulthess25 described patients with patella alta
and spastic muscles, noting a protuberance of the femur
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during physical examination of the knee flexed at 90°.
Normally with this degree of flexion the patella descends
distally into the trochlear groove forming a rounded
appearance of the knee. It was during this same time that
the X-ray image was first discovered by Wilhelm Röntgen.
Boon-Itt16 performed 31 years later the first measurements
characterizing the position of the patella relative to the
trochlea using X-ray. In the article “Normal Position of the
Patella,” he describes the “patellar index,” noting that in
the normal knee overlap of the patellar articular surface
and trochlea is 25%. Biedert and Albrecht23 described a
similar method using MRI 76 years later showing 31.7%
overlap of the patellar articular cartilage and trochlear
cartilage in the normal knee, amazingly close to that
described by Boon-Itt using plain film radiography.
Since the time of Boon-Itt, many have coined indices
that are used to describe patella height.

The Patellar Index
Boon-Itt16 performed radiographic analysis of the motion
of the knee during flexion-extension by means of a
complex mathematical formula. Although his analysis
was complex, his conclusion and methods for assessing
the position of the patella were simple. With the knee in
180° of extension he defined an index alpha/beta, where
alpha is the distance from the lower edge of the patellar
articular surface to the articular surface of the femur,
drawn parallel to midshaft femur, and beta is the articular
length of the patella.

Blumensaat’s Line
In 1938, Dr Blumensaat correlated a line formed by
the ventral border of the intercondylar fossa, that with
the knee in 30° of flexion would intersect the apex of
the patella in the majority of normal knees (Fig. 1). He

Fig. 1: Blumensaat’s line, which is a line drawn through the roof
of the intercondylar notch extending anteriorly toward the patella
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defined patella alta as any measurement where the apex
of the patella lies above this line. Andersen 26 studied
patients with recurrent dislocations and found that in
207 out of 286 the apex of the patella was 5 mm proximal
to Blumensaat’s line, thus showing this to be predictive
of patellar instability. However, in a study of 100 patients
with normal knee, Brattstrom27 determined that Blumensaat’s line varied by 27 to 60°. Therefore, although a good
clinical indicator of patella alta, it is not very specific. The
following recommendations were made based on this
study: For every 10° increase or reduction in angulation of
Blumensaat’s line, a 10 mm correction is needed. Brattstrom
also emphasized the importance of maintaining relaxed
quadriceps at the moment of X-ray capture.

Insall–Salvati Index
Insall et al17 believed Boon-Itt’s method was too complex
and Blumensaat’s method was unreliable due to its
inherent variation in angulation. They sought to define
a “simple, practical, and reliable” method for measuring
patella alta that varied little with joint size or flexion at
the knee. This index compares the ratio of the patellar
tendon length (LT) to the diagonal length of the bony
patella (LP) (Fig. 2). They reported their method to be
reliable within 20 to 70° of flexion. One reason being that
>20° is theoretically needed to keep the tendon under
constant tension and reduce variation in measurements.
Additionally, due to the anatomic landmarks, and lack
of patellar tendon insertion definition, use of this index
in children has not been recommended.28 Furthermore,
this method may be limited due to variability of patellar morphology, especially in individuals with long
distal nonarticulating facets. Lateral images with poorly
defined patellar tendons may also limit the utility of
this technique.

Figs 2A to C: The Insall-Salvati ratio of the patellar LT (A), over
the patellar bony length (B), with the “modified” version using the
patellar articular length (C)
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Figs 3A to C: Blackburne–Peel ratio defined by a line drawn
parallel to the tibial plateau (A), and the ratio of patellar articular
cartilage (C), to the distance of the lower pole of the patella to the
tibial plateau line (B)

Figs 4A and B: Caton–Deschamps ratio defined by the height of the
anterior tibial plateau to the inferior margin of the patellar cartilage
(A), to the length of the patellar articular surface (B)

Normal patella height was defined as a LT:LP ratio
of 1.02 ± 0.13. Patella baja and patella alta were defined
as <0.8 and >1.2 respectively. A correction of 0.13 and
0.10 are needed when using this technique on computed
tomography (CT) and MRI respectively.29 According to
a recent meta-analysis, interobserver reliability for this
method was excellent and ranged from 0.78 to 0.86.24,30,31
Intraobserver reliability is also excellent and has been
reported as high as 0.83.31

Caton–Deschamps

Blackburne–Peel
Blackburne and Peel18 described a technique using the
ratio of the articular cartilage of the patella to the height
of the lower pole of the articular cartilage above the tibial
plateau (Fig. 3). In the same article, it was hypothesized
that this technique removes the variation in tibial tubercle
to anterior tibial plateau distance. A noted requisite to
these measurements was for the knee to be flexed beyond
30°. Normal values were reported between the range of
0.54 to 1.06 and patella alta defined as a A/B ratio >1.0.
(95% lay within this range). As with Insall–Salvati index,
Blackburne–Peel technique is also not recommended for
use in children because the index varies with the slope
of the tibial plateau32 and is also affected by the degree
of skeletal maturation of the proximal tibial epiphysis.33
According to Lee et al,29 no correction factor is needed
when using this index on MRI, but a 0.09 correction
factor is recommended with CT. Chareancholvanich and
Narkbunnam34 demonstrated an interobserver reliability
of 0.708. Interobserver reliability for this method according to a recent meta-analysis ranged from 0.73 to 0.86;
the high-end value determined using Spearman’s rank
correlation coefficient.24,30,31 Intraobserver reliability was
found by one study to be 0.75.31
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Caton et al32 described a method for assessing patella
height using a ratio of distance from the anterior tibial
plateau to the inferior portion of the articular surface of
the patella to the distance of the bony articular surface of
the patella (Fig. 4). Similar to the Insall–Salvati technique,
a normal index was defined as 1, with patella alta >1.2.
According to Aparicio et al,28 CD does not vary based on
skeletal maturation and is a reliable method for measuring patellar height in children. Thevenin-Lemoine et al35
determined this to be true in children >12 years old, but
emphasizes that children <12 should be age-matched to
adjust for variation in normal values. Interobserver reliability for this method was found to range from 0.77 to 0.92;
the high-end value is determined using Spearman’s rank
correlation coefficient.24,34 Intraobserver reliability was
0.78 according to one study.31 It should also be noted that
this study investigated chronological age not skeletal age.
In a small study investigating patellar height in adolescent patients with anterior tibial tubercle apophysitis,
58% had a high patella using 1.2 as the threshold (mean
1.22).28 Variability was observed in malaligned radiographs. The author emphasizes the importance of a true
lateral with proper alignment of the condyles.

de Carvalho’s Index
de Carvalho et al22 published a patellar height index
very similar to Caton–Deschamps method, using the
ratio of the shortest distance from the tibial plateau to
the length of the articular surface of the patella. Although
very similar, Caton–Deschamps ratio compared the
anterior–superior aspect of the tibial plateau to the
articular surface of the patella, which in many cases is
equivalent to De Carvalho’s index.
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Koshino Index
Koshino and Sugimoto21 studied 59 normal knees in 36
children aged 3 to 18 years (avg 10.6). The author defined
a normal range of 0.9 to 1.3 with 95% confidence interval;
only 2 patients in their series of normal knees were out
of this range. However, Thevenin-Lemoine et al35 stated
that the Koshino index is “a rather complex geometric construct” with variability in flexion of the knee; no clarification or data was found to support this. It was also noted
by the author that this technique does not vary greatly
between 30 and 90° flexion. However, Thevenin-Lemoine
when comparing Insall–Salvati and Blumensaat’s line on
this same series of patients, it was estimated that 66.7 and
45.7% of patients had patella alta respectively.

Modified Insall–Salvati (MIS) Index
Grelsamer and Meadows20 sought to define a patellar
height measurement technique that is not affected by
an abnormally long distal patella like the Insall–Salvati
method. This “modified” technique uses a ratio consisting of the distance from the patellar tendon origin to the
inferior aspect of the articular surface of the patella and
the distance of the articular surface of the patella (Fig. 2).
The author used Caton–Deschamps index as a reference
ratio to identify subjects with patella alta in a cohort
of 300. Totally, 36 cases of patella alta were identified.
Modified Insall–Salvati and Insall–Salvati measurements
were performed on these 36 cases; 50% of these cases
were identified by Insall–Salvati technique and 78% were
identified by the MIS. Only 28% of cases were identified
by both techniques. The normal mean MIS was 1.5, with
97% of patients in the control group, with a ratio of <2.

Patellar Trochlear Index (PTI)
Biedert and Albrecht23 evaluated MRIs of 66 patients
with no patellofemoral pathology. Due to a lack of
reliability and increased variability in identifying patella
alta among the indices available, Biedert and Albrecht23
emphasized the importance of determining patellar
height based on the ratio of the articular cartilage of
the patella and trochlear cartilage. Boon-Itt16 provided
the same ratio using plain film radiography 76 years
earlier. Biedert states, “the only ratio that is accurate for
the determination of patellar height and for all patients
who are present with a clinical disorder and some complaint about patellofemoral pain is the ratio between the
articular cartilage of the patella and trochlear cartilage.”
Similar statements were emphasized by Seil et al, 24
Jansen,15 and Boon-Itt,16 and confirmed by Monk et al36
to have the strongest relationship to patients with subluxation. In the same study by Monk et al,36 patients with

4

patella subluxation tended to sublux if <30% engagement
occurred in full extension.
For assessing the cartilage, Biedert et al method used
the slice with the thickest articular cartilage and longest
length of the patella. Magnetic resonance images were
taken at 180° extension and 15° external rotation. Their
mean PTI was 31.7%, similar to the 25% identified by
Boon-Itt on plain film radiography. Biedert defined patella
alta and patella infera as <12.5 and >50% overlap of the
patella articular surface and trochlea respectively. Barnett
et al31 determined the interrater reliability to be 0.78 and
intrarater reliability to be 0.8.

PATELLOTROCHLEAR MORPHOLOGY
Wiberg Classification
Wiberg37 described a qualitative method of classifying
the patella based on the size relationship between the
medial and lateral facets. Through his studies he identified three types of patella. He defined Type I patella as
having an articular ridge located approximately in the
center with equal medial and lateral facet lengths. Type II
patella have a ridge located more medially with a small
medial facet relative to the lateral facet. Wiberg defined
Type III patella as having a lateral facet located so far
medial that it resulted in a small medial facet with a very
steep degree of angulation medially.

Sulcus Angle
Brattstroem38 first studied the “sulcus” angle formed by
the medial and lateral femoral condyles and the intercondylar surface (Fig. 5). In this study 100 normal female
and 100 male X-rays of the knee were analyzed. Normal
ranged from 141 to 143°. Right leg and left leg subluxation
respectively ranged from 152.52 ± 1.67 and 155.22 ± 2.14
in females, and 154.24 ± 2.07 and 151.06 ± 1.50 in males.38

Fig. 5: Sulcus angle (∠ABC) and congruence angle (∠DBE)
as measured on MRI
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Twenty years later, Aglietti et al11 investigated the sulcus
angle, congruency angle, Insall–Salvati, Q-angle, and
BP in patients with no history of pathology, history of
chondromalacia, and a history of recurrent subluxation.
Patients with no pathology had a normal sulcus angle
of 137°. In patients with chondromalacia, the average
sulcus angle was 139° with zero patients having a sulcus
angle value above the 96th percent confidence interval of
normal. However, in patients with recurrent subluxation,
the sulcus angle and the congruency angle were the most
predictive. Out of all variables evaluated, 70% of these
patients having a sulcus angle above the 96th percent
confidence interval.
The ease at which the sulcus angle measurement can
be made makes this an attractive technique to perform
in clinic, as was noted by Davies et al.39 However, interrater reliability has been shown to be variable depending
on the population studied, questioning the utility of the
measurement.39,40

Congruency Angle
Merchant et al41 were the first to describe a measurement
relating the patella to the intercondylar sulcus. Onehundred knee images were obtained with the patient
supine and knees flexed to 45° (Merchant view). A central
X-ray beam was inclined downward at 30° from the horizontal to hit the film cassette at a right angle (30° beam
to femur angle). No significant variation was found with
beam-to-femur angles of 15 to 75° and knee flexion from
30 to 90°.42,43
The author notes that significant subluxation is obvious, but for more minor changes this test is useful in
determining the degree of subluxation. To obtain the
congruency angle, the sulcus angle is first measured
and a line bisecting this angle is drawn beginning at the
sulcus apex. A second line is drawn from the sulcus apex
to the articular ridge of the patella (Fig. 5). An articular
ridge lateral to the bisecting line is given a positive value
and if medial it is given a negative value. Abnormal was
defined as +23° lateral, “well beyond the 95th percentile.”
Aglietti et al,11 as discussed above, investigated the
congruency angle in patients with no history of pathology, a history of chondromalacia, and a history of recurrent subluxation. Normal congruency angle was −8°.
Patients with chondromalacia had a congruency also
averaging −2° with only 17% of the group having angles
greater than the 96th confidence interval. Similar to the
sulcus angle, 60% of patients with a history of recurrent
subluxation had a congruency angle above the 96th percent confidence interval of normal.40
A recent study showed the interrater reliability to be
low for the congruency angle with 0.8 to 10.4° variance
between measurers.40
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Lateral Patellofemoral Angle (Laurin’s Angle)
Laurin et al44 investigated the tilt of the patella by investigating the angle formed by the intersection of a line
parallel to the lateral facet and a line drawn across the
lateral and medial femoral condylar ridges. Normally,
the intersection of these lines forms an angle laterally.
The author found that in patients with recurrent subluxation these lines were parallel in 24/30 knees and medial
in 6/30. In contrast, in normal knees, the angle opened
laterally in 97/100 patients and were parallel in 3/100. As
such, this method of assessing patella lay is a quantitative
method for assessing the degree of patellar subluxation
and risk of recurrence.

CONCLUSION
Patellar pain and instability can be caused by several anatomic anomalies. These can occur in isolation (e.g., patella
alta) or in concert with other anomalies (e.g., patella alta
and trochlear dysplasia). Several studies have shown
that anomalous patellar height alters normal joint reaction forces and can lead to patellofemoral instability.42,43
Patellar instability can be determined both clinically,
through thorough physical examination findings, as well
as through imaging (i.e., radiographs, MRI, or CT). As this
review points out, there are several different methods for
diagnosing variations in anatomy, such as patella alta and
patellofemoral changes, such as trochlear morphology.
As we have showed, there are several advantages and
disadvantages to each measurement with some data to
support the reliability of certain measurements, such as
the Insall-Salvati ratio over others.34 As the practicing
orthopedic surgeon determines treatment options for
the patient with patellar instability, it is important that
he/she has a thorough understanding of the diagnostic
measurements used to evaluate these patients, the pearls
and pitfalls of the individual measurements, and when
and how to use them.
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