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Abstract

Introduction Many patella height indices exist in the literature. There is no single universally accepted radiological assess-
ment for measuring patella height. The aims of this study were to determine which of the commonly used indices can most
reliably measure patella height and compare the findings on both plain X-ray and magnetic resonance imaging (MRI) of
the knee.

Methods This case-controlled study compared patients with recurrent patella instability (patella group) to a control group.
Two observers measured six validated patella height indices on X-ray and MRI of both groups at two separate time periods.
Between-group and within-group statistical analysis was undertaken of the data. The inter- and intra-observer reliability was
assessed using the intraclass correlation coefficient (ICC) and the kappa measure of agreement (k).

Results Forty-four patients comprised the patella group and 50 patients the control group. There was a significant difference
of most indices between the two groups (p < 0.05). There was a significant difference of most indices between the two imaging
modalities (p <0.05). The Insall-Salvati ratio had the greatest inter-observer reliability for both X-ray and MRI ICC=0.79
t0 0.97; p<0.001) (k=0.50 to 1.00; p <0.001).

Conclusion Patella height indices significantly differ when measured on X-ray as compared to MRI. This may infer that a
different set of normative values are required for each radiological modality, which we have proposed in this study. Overall,
the Insall-Salvati ratio performed best and shows a high degree of intra- and inter-observer reliability on both X-ray and MRI.

Keywords Patella instability - MRI knee - X-ray knee - Patella height ratio - Patella alta - Patella baja

Introduction

Patellar instability, characterised by recurrent lateral patellar
dislocations, is a relatively common pathology of the knee
in adolescents and young adults [1]. Patients suffering from
recurrent patella dislocations that are refractory to conserva-
tive treatment (i.e. physiotherapy) may be considered for
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surgery of which various procedures exist, including lateral
release, medial patellofemoral ligament (MPFL) reconstruc-
tion, tibial tubercle (TT) transfer and trochleoplasty, among
many other procedures [2]. The surgical option(s) of choice
should be tailored to the key underlying pathology contrib-
uting to the patella instability symptoms, which is deduced
following thorough clinical and radiological evaluation. As
part of the pre-operative assessment, the height of the patella
should be assessed; patella alta (high riding patella) is a
well-recognised risk factor for patellar instability [3, 4]. In
patients with patella alta, the patella may not fully engage
in the proximal trochlear groove of the femur, thus making
it more susceptible to dislocation [4—6].

There are several validated indices commonly used to
assess patella height including the Insall-Salvati (IS) ratio,
the modified Insall-Salvati (mIS) ratio, the Caton-Des-
champs (CD) index and the Blackburne-Peel (BP) index
[7-10]. These indices all use bony landmarks seen on both
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plain radiographs (X-ray) and magnetic resonance imaging
(MRI) to calculate a ratio, which when compared to a refer-
ence range will identify patella alta as well as patella baja
(low riding patella). There are some more novel methods of
measuring patella height such as the patellotrochlear (PT)
index and the patellophyseal (PP) index [11, 12]. The PT
index directly assesses chondral articulation and can there-
fore only be carried out on MRI. The PP index indirectly
measures the chondral articulation on the assumption that
the anterior femoral physeal line equates approximately with
the proximal end of the trochlear cartilage. The physeal line
can be seen on both imaging modalities; therefore, the PP
index can be applied to both X-ray and MRI.

Due to the various strengths and weaknesses of each of
the indices, there is no universally recognised ‘gold stand-
ard’ measurement for diagnosing patella alta [5, 13]. It is
often suggested that the IS ratio is the most reliable assess-
ment of patellar height [14, 15]. However, with the increas-
ing use of MRI in the pre-operative assessment of patients
with patellar instability, an investigation which looks at the
direct articulation of the patellofemoral joint is often hypoth-
esised to be more accurate in identifying causes of patellar
instability (i.e. MPFL tear, trochlea dysplasia, patella alta,
increased tibial tuberosity—trochlea groove distance (TT-
TG), etc.) [11, 12].

The primary aim of this study was to evaluate the intra-
and inter-observer reliability of six commonly used patella
height indices in patients with and without patella instability
symptoms. The secondary aim of this study was to compare
the measurements between plain radiographs and MRI scans
of the knee joint.

Materials and methods

This was a retrospective case—control study. All the patients
included in this study were treated by a single fellowship
trained consultant orthopaedic surgeon with a specialist
interest in knee surgery at a district general hospital. This
radiological study included patients who attended a special-
ist knee clinic and underwent arthroscopic knee surgery fol-
lowing clinical assessment and radiological investigation.
This study was exempt from Institutional Review Board
(IRB)/Ethics Committee approval as it was a pragmatic
study evaluating the existing clinical practice of the senior
author (consultant surgeon).

Patient cohort
Patients with symptoms and signs of recurrent patella insta-
bility following clinical and radiological assessment and

whose symptoms were refractory to first-line conservative
treatment (i.e. physiotherapy) were identified from theatre
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records who underwent either an MPFL reconstruction, TT
transfer or trochleoplasty between January 2016 and Novem-
ber 2018; these patients were assigned to the patella group.
Patients who did not have any patella instability symptoms
but suffered from other knee pathology (i.e. meniscal tears,
loose bodies, etc.) who also underwent clinical and radio-
logical assessment and subsequently underwent arthroscopic
knee surgery were identified in the same time period and
assigned to the control group. On reviewing the case notes,
the patient demographics (age, gender, BMI and laterality
of symptomatic knee) were taken from the initial outpatient
consultation.

Case notes for both groups were reviewed, ensuring all
patients in the patella group had a confirmed diagnosis of
recurrent patellar instability and those in the control group
did not have a past medical history of patellar instability/
dislocation.

Exclusion criteria consisted of previous patella surgery to
the index knee and lack of pre-operative lateral knee X-ray
and MRI scan of the same knee. No patients in the patella
group had undergone any previous procedures to the patella
in the index knee. The control group included 9 patients who
had previously undergone arthroscopic meniscectomy of the
knee, which was acceptable as this procedure would not have
affected patella height.

Imaging

The Picture Archiving and Communication System (PACS)
(Centricity version 6, GE Healthcare, Chicago) was uti-
lised for all the radiological data collection. Plain X-rays
were performed using a Siemens Ysio Fluorospot with
weight bearing antero-posterior (AP), lateral and skyline
views. The majority of the lateral films were performed in
the turned/decubitus position on the bed; however, where
patients were in too much pain (i.e. from acute trauma),
the lateral films were performed supine on the bed with a
small pad under the knee to add some flexion. There was no
pre-determined angle of knee flexion aimed for by the radi-
ographer. All standard views have a source-image distance
(SID) of 100—115 cm. MRI images were obtained using a
1.5-T GE Healthcare SIGNA Artist MRI scanner. The MRI
sequences were obtained as per standard knee protocols used
by the radiology department which included sagittal, coro-
nal and axial proton density (PD) fat-saturated sequences
alongside a sagittal T1-weighted sequence. The sagittal T1
slice with the greatest patella length was then selected to
measure the patellar height. The parameters for sagittal T1
images were slice thickness: 3.5 mm; slice gap: 0.5 mm;
matrix: frequency 384/phase 256; TR: 650; TE: 8; echo train
length: 3; number of excitations (NEX): 2; FOV: 15x 15 and
Bandwidth: 35.71. The slice image number was recorded to
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ensure that the same image was used throughout the data
collection.

Image analysis

Two observers measured all the patella height indices: one
observer was a Clinical Research Fellow (Senior House
Officer level) and the other was a Fourth-Year Medical
Student, both of whom were allocated to the department of
Trauma and Orthopaedic surgery in the host institution of
this study. The 6 patella height indices (illustrated in Figs. 1
and 2) that were analysed included:

e Insall-Salvati (IS) ratio [7]: length of patellar tendon

divided by maximum length of the patella.

Insall-Salvati Modified Insall-Salvati

Alta =>1.2; Normal = 0.8 - 1.2; Baja = <0.8 Alta = >2; Normal = <2; Baja = N/A

Caton-Dechamps Blackburne-Peel

Alta =>1.3; Normal = 0.06 — 1.3; Baja = <0.06 Alta = >1.0; Normal = 0.5 - 1.0; Baja = <0.5

Patellophyseal

Alta =>0.65; Normal = 0.09 - 0.65; Baja = <0.09

Fig. 1 Patella height indices: X-ray

Insall-Salvati

Modified Insall-Salvati

Alta = >1.2; Normal = 0.8 - 1.2; Baja = <0.8 Alta = >2; Normal = <2; Baja = N/A

Caton-Dechamps Blackburne-Peel

Alta = >1.3; Normal = 0.06 — 1.3; Baja = <0.06 Alta = >1.0; Normal = 0.5 - 1.0; Baja = <0.5

Patellophyseal Patellotrochlear

Alta = >0.65; Normal = 0.09 — 0.65; Baja =<0.09  Alta = <0.18; Normal = 0.18 - 0.8; Baja = >0.8

Fig.2 Patella height indices: magnetic resonance imaging

e Modified Insall-Salvati (mIS) ratio [8]: distance from
insertion of patellar tendon on tibial tuberosity to the
inferior edge of the patellar articular surface divided by
the length of patellar articular surface.

e Caton-Dechamps (CD) index [9]: distance from ante-
rior edge of tibial plateau to the inferior edge of the
patellar articular surface divided by the length of patel-
lar articular surface.

e Blackburne-Peel (BP) index [10]: the perpendicular
distance from the inferior edge of the patellar articular
surface to a line drawn along the tibial plateau divided
by the length of patellar articular surface.

e Patellophyseal (PP) index [12]: height of patella above
anterior physeal line divided by the length of patella
articular surface.
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e Patellotrochlear (PT) index [11]: length of trochlear car-
tilage overlapping patellar cartilage divided by the length
of patella articular surface.

The observers measured all indices on both lateral X-rays
and sagittal T1 MRI scans, with the exception of the PT
index which can only be evaluated on MRI. The indices were
measured as described in their original publications [7—11],
with the exception of the PP index which was carried out as
described by Ali et al. [12]; this description of the PP index
was used because no prior detailed instructions on how to
measure the method could be found in the literature. A hand-
book was created using the images in Figs. 1 and 2 as a point
of reference for the observers to ensure consistency. Meas-
urements were obtained on PACS by each observer on two
separate time points: the first during December 2019 and the
second, 8 weeks later, in February 2020. During each data
collection time period, the observers were blinded to each
other’s results and their own previous measurements. During
the first round of data collection, the angle of knee flexion on
both X-rays and MRI scans was measured on PACS by draw-
ing along the anterior cortex of the femur and tibia avoiding
both the femoral condyles and tibial tuberosity.

Statistical analysis

The power calculation for this study was derived from the
findings of a related previously published radiological study
[16]. The sample sizes were based on a conventional type I
error of 5% and a type Il error rate of 10% (i.e. 90% power).
The calculation revealed that a sample size of approximately
32 subjects per group was required for a clinically relevant
patella height ratio between group mean difference of 1.2,
based on a within-group standard deviation of 0.20. Plotted
histograms with fitted curve lines, boxplots, normal Q-Q
plots and the Kolmogorov—Smirnov statistic were used
to confirm that a normal distribution was an appropriate
assumption for all the continuous variables in the study.
The independent-sample Student’s 7-test was used for the
between-group statistical analyses and the paired Student’s
t-test was used for the within-group analyses. The inter-
observer reliability and the intra-observer reliability of all
the patella height ratios (continuous data) were determined
using intraclass correlation coefficients (ICC). The ICC
analysis was based on a consistency type two-way mixed
model. The ICC results were further interpreted and cat-
egorised on the basis of the values proposed by Shrout and
Fleiss [17] with a score of 0-0.4 indicating poor reliability, a
score of 0.4—0.75 indicating moderate reliability and a score
of more than 0.75 indicating excellent reliability. All of the
patella height ratios were further classified into ‘patella
baja’, ‘normal patellar height’ and ‘patella alta’ according
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to the commonly accepted [5] cutoff points (Figs. 1 and 2).
It should be noted that there is no reference range for ‘patella
baja’ when using the mlIS ratio, as it was not designed to
detect ‘patella baja’ but rather to detect ‘patella alta’ in indi-
viduals with an elongated patella [8]. Therefore, this index
was only placed into the ‘normal patellar height’ or ‘patella
alta’ categories. The inter-observer reliability and the intra-
observer reliability of all the patella height classifications
(ordinal categorical variables) were determined using the
kappa measure of agreement. The kappa results were further
graded based on the strengths of agreement recommended
by Landis and Koch [18] with a kappa statistic < 0.00 consid-
ered poor agreement, 0.00-0.20 slight agreement, 0.21-0.40
fair agreement, 0.41-0.60 moderate agreement, 0.61-0.80
substantial agreement and 0.81-1.00 almost perfect agree-
ment. The level of statistical significance was set at p <0.05.
Statistical analysis was performed using SPSS for Windows
version 26.0 (IBM Corp., Armonk, New York). The power
calculation was performed using Minitab statistical software
version 17 (Minitab LLC, State College, PA).

Results

There were 44 patients included in patella group and 50
patients included in the control group. The demograph-
ics for both groups are shown in Table 1. The mean age
of subjects in the patella group was 19 years younger than
that of the control group. There was a higher proportion of
females in the patella group. Due to the difference in gender
ratios between the two groups, further statistical analysis
(independent-sample Student’s ¢-test) of patellar height in
men compared to women was carried out; this showed no
statistically significant difference (p >0.05) in any of the
indices in either of the two study groups on both X-rays and
MRI scans. All other demographic variables (i.e. laterality,
BMLI, etc.) were comparable between the two groups.

The mean knee flexion angle measured on both X-ray
and MRI is shown in Table 2. In both groups, the mean
knee flexion angle (and range of angle measurements) is

Table 1 Demographics of subjects

Patella group Control group
(n=44) (n=50)
Mean age (yrs) (SD) 34 (14) 53 (15)
Gender (male:female) 14:30 29:21
Laterality (right:left) 21:23 26:24
Mean height (m) (SD) 1.69 (10.8) 1.71 (9.3)
Mean weight (kg) (SD) 83.0 (21.1) 79.9 (20.2)
Mean BMI (kg/m?) (SD) 28.9 (6.2) 273 (5.7)

BMI, body mass index; SD, standard deviation
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Table 2 Knee flexion angle

Patella group ~ Control group  p-value!
(n=44) (n=50) (95% CI)
mean mean
(range) (range)
X-ray flexion angle 41.4 51.9 0.011*
(degrees) (3.0t074.0) (11.1t087.2) (2.5t018.5)
MRI flexion angle 17.2 16.8 0.768
(degrees) (3410369) (7.0t030.7) (=3.0t02.2)

!Independent-sample Student’s #-test
*Statistically significant at < 0.05 level

MRI, magnetic resonance imaging

significantly smaller when measured on MRI. The differ-
ence in knee angle flexion between the patella group and
the control group was statistically significant in the X-ray
images (p=0.011) but not in the MRI images (p =0.768).
Table 3 demonstrates the between-group statistical analy-
sis of the patellar height ratios as measured by both observ-
ers during time 1 (data collection in December 2019) and
time 2 (data collection in February 2020). The PP index
is significantly different between the patella group and the
control group on all occasions except for observer A, dur-
ing time 2 on X-ray (p =0.192); this is likely to be a type II
statistical error. Conversely, the PT index only showed a sta-
tistically significantly difference between the groups on one
occasion. This was for observer A during time 1 (p=0.042),
which likely represents a type I statistical error. All other
analyses showed a significant between-group difference.
Table 4 compares the patella height ratios between the
two imaging modalities; the PT index is not included due
to only being measured on MRI. Both the IS and PP indi-
ces had significantly (p <0.001) higher mean ratios on MRI
when compared with X-ray on all occasions. The difference
in mIS ratio was not statistically significant in all but two
occasions. The results comparing the imaging modalities in
the control group were significantly different when meas-
ured by observer B in both rounds of data collection. The
difference in CD index was statistically significant on all but
one occasion. There was no significant difference in the first
round of data collection in the patella group when measured
by observer A. For the BP index, there was a significant dif-
ference between MRI and X-ray on all but two occasions.
Table 5 displays the intra-observer reliability of both
groups for both imaging modalities. The intra-observer
ICC of the IS index was graded as excellent on all but one
occasion, when observer A measured the control group on
MRI. The intra-observer reliability of mIS and CD are more
consistent on X-ray than on MRI; for both indices, intra-
observer reliability ranges from poor to excellent on MRI.
The BP ratio measurements are more reproducible on X-ray
compared with MRI. However, the intra-observer reliability

is at least moderate on all occasions. The PP index per-
formed better overall on MRI than on X-ray. The PT index
performed better on the patella group than in the control
group for both observers.

Table 6 shows the inter-observer reliability at both time
periods of data collection for X-ray and MRI. The ICC of the
IS ratio was graded excellent on all occasions. The results of
the mIS, CD, BP and PP indices were comparable for both
imaging modalities. The PT index again performed better
in the patella group than in the control group at both time
periods.

Table 7 shows a comparison of the mean patella height
ratio on X-ray and MRI for 5 of the 6 indices used. Patients
were included in this comparison if the X-ray was taken
between 20 and 40 degrees of flexion (n=21) so as to best
approximate the original measurement technique descrip-
tions which were performed on a lateral X-ray at 30 degrees
flexion. Patients were then allocated into grades depending
on the measurement on X-ray for the particular index being
assessed. The patients were graded as per the X-ray meas-
urements as the normal ranges are well validated on X-ray
compared to more novel ranges proposed on MRI.

Table 8 shows proposed normal ranges for X-ray and
MRI based on the findings shown in Table 7. The ranges for
all grades using the IS ratio have been increased by 0.1 as
this was the consistent difference between X-ray and MRI
across all grades. When utilising the mIS ratio, the meas-
ured ratio was lower on MRI for ‘patella alta’ patients and
higher on MRI for ‘normal patella’ patients. The mean dif-
ference across all grades is 0.02; this value is not clinically
significant, so no changes were made to the normal ranges.
The ranges for the CD ratio have only been adjusted for the
‘patella alta’ group; it was increased by 0.1. The ‘patella
baja’ value has not been altered; there were no patients
in this sample graded as ‘patella baja’ using CD, and as
the results were not consistent across the other grades, the
results cannot be extrapolated to include the ‘patella baja’
grade. The ranges for the BP ratio have been altered in a
similar fashion to the IS ratio, by increasing all values by
0.1, as this was the consistent difference across all grades.

Discussion

This study aimed to ascertain the reliability of the commonly
used measurements of patellar height in patients with patella
instability and the difference in measurement between X-ray
or MRI. There was a difference between measurements
obtained from X-rays as compared to those from MRI scans.
Overall, the Insall-Salvati ratio was found to be the most
reliable index.

The ICC of both the intra- and inter-observer reliabil-
ity was slightly higher on X-ray for the IS ratio; this is in
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Table 3 Between-group analysis

Imaging  Patella height ratio Observer A Observer B
Patella group ~ Control group  p-value! Patella group  Control group  p-value'
(mean (SD)) (mean (SD)) (95% CI) (mean (SD)) (mean (SD)) (95% CI)
Time 1
X-ray  Insall-Salvati 1.24 0.98 <0.001* 1.26 1.01 <0.001*
(0.23) (0.19) (0.17 t0 0.34) (0.25) (0.19) (0.16 to0 0.34)
Modified Insall-Salvati ~ 1.87 1.59 <0.001%* 1.82 1.62 0.004*
(0.32) (0.29) (0.16 t0 0.41) (0.38) (0.23) (0.07 t0 0.33)
Caton-Dechamps 1.20 0.90 <0.001* 1.17 0.92 <0.001*
(0.28) (0.20) (0.20 to 0.40) (0.25) 0.17) (0.16 to 0.34)
Blackburne-Peel 1.05 0.80 <0.001* 1.04 0.80 <0.001*
(0.26) (0.16) (0.16 t0 0.34) (0.25) 0.14) (0.16 t0 0.33)
Patellophyseal index 0.37 0.27 0.031%* 0.42 0.25 <0.001*
0.27) (0.15) (0.01 to 0.20) (0.26) (0.16) (0.08 to 0.26)
MRI  Insall-Salvati 1.40 1.08 <0.001* 1.45 1.14 <0.001*
(0.28) (0.18) (0.21 t0 0.42) (0.30) (0.19) (0.20 t0 0.42)
Modified Insall-Salvati ~ 1.81 1.62 0.002* 1.86 1.76 0.039*
(0.31) (0.20) (0.07 to 0.30) 0.27) (0.19) (0.01 to 0.20)
Caton-Dechamps 1.28 1.07 <0.001* 1.31 1.13 <0.001*
0.22) (0.16) (0.12t0 0.28) 0.21) (0.16) (0.10 to 0.26)
Blackburne-Peel 1.14 0.92 0.002* 1.08 0.94 0.002*
(0.38) (0.18) (0.09 to0 0.35) (0.23) 0.17) (0.05 t0 0.22)
Patellophyseal index 0.65 0.50 0.002* 0.63 0.55 0.037*
(0.26) (0.15) (0.06 to 0.25) (0.23) (0.14) (0.004 to 0.16)
Patellotrochlear index 0.33 0.40 0.042% 0.37 0.33 0.330
(0.19) (0.12) (0.002t0 0.14)  (0.18) (0.11) (—=0.03 t0 0.10)
Time 2
X-ray Insall-Salvati 1.19 0.98 <0.001* 1.23 1.01 <0.001*
(0.23) (0.18) (0.13 to 0.30) (0.24) 0.19) (0.13t0 0.31)
Modified Insall-Salvati ~ 1.77 1.63 0.027* 1.77 1.58 0.001*
(0.30) (0.28) (0.01 to 0.26) (0.32) (0.19) (0.08 to 0.30)
Caton-Dechamps 1.17 0.96 <0.001* 1.15 0.90 <0.001*
(0.25) 0.19) (0.12t0 0.31) (0.26) (0.16) (0.16 to 0.34)
Blackburne-Peel 1.03 0.86 <0.001* 0.95 0.78 <0.001*
(0.24) (0.16) (0.09 to 0.26) (0.25) (0.15) (0.08 to 0.26)
Patellophyseal index 0.34 0.28 0.192 0.38 0.28 0.015%
(0.26) (0.18) (—0.03t00.16)  (0.22) (0.14) (0.02t0 0.17)
MRI  Insall-Salvati 1.34 1.04 <0.001* 1.41 1.13 <0.001*
(0.28) 0.22) (0.19 to 0.40) (0.24) (0.17) (0.19 t0 0.37)
Modified Insall-Salvati ~ 1.80 1.64 0.002* 1.86 1.71 0.003*
(0.26) (0.22) (0.06 to 0.26) (0.26) (0.19) (0.05 to 0.24)
Caton-Dechamps 1.30 1.10 <0.001* 1.28 1.10 <0.001*
(0.23) (0.18) (0.11 t0 0.29) (0.20) (0.16) (0.11 to 0.26)
Blackburne-Peel 1.10 0.96 0.003* 1.07 0.90 <0.001*
(0.25) (0.19) (0.05 to 0.24) (0.23) (0.18) (0.09 t0 0.26)
Patellophyseal index 0.65 0.55 0.016* 0.61 0.51 0.018*
(0.22) (0.15) (0.02 t0 0.18) 0.21) (0.14) (0.02t0 0.17)
Patellotrochlear index 0.35 0.37 0.428 0.37 0.39 0.480
(0.18) (0.10) (=0.04t00.09) (0.17) (0.12) (—0.08 t0 0.04)

'Independent-sample Student’s ¢-test
*Statistically significant at <0.05 level

SD, standard deviation; MRI, magnetic resonance imaging
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Table 4 Within-group analysis
Patella height ratio Observer A Observer B
X-ray MRI p-value' X-ray MRI p-value!
(mean (SD)) (mean (SD)) (95% CI) (mean (SD)) (mean (SD)) (95% CI)
Time 1
Patella group  Insall-Salvati 1.24 1.40 <0.001* 1.26 1.45 <0.001*
(0.23) (0.28) (0.10 to 0.20) (0.25) (0.30) (0.11t0 0.21)
Modified Insall-Salvati ~ 1.87 1.81 0.320 1.82 1.86 0.847
0.32) (0.31) (—0.14t0 0.05)  (0.38) 0.27) (—0.11t0 0.13)
Caton-Dechamps 1.20 1.28 0.074 1.17 1.31 0.005*
(0.28) (0.22) (—=0.01t00.19)  (0.25) 0.21) (0.04t0 0.21)
Blackburne-Peel 1.05 1.14 0.036* 1.04 1.08 0.342
(0.26) (0.38) (0.01 to 0.18) (0.25) (0.23) (—0.05 t0 0.13)
Patellophyseal index 0.37 0.65 <0.001%* 0.42 0.63 <0.001%*
0.27) (0.26) (0.17 t0 0.37) (0.26) (0.23) (0.12t0 0.29)
Control group  Insall-Salvati 0.98 1.08 <0.001* 1.01 1.14 <0.001*
(0.19) (0.18) (0.05 t0 0.14) (0.19) (0.19) (0.08 t0 0.18)
Modified Insall-Salvati  1.59 1.62 0.265 1.62 1.76 <0.001%*
(0.29) (0.20) (—0.03t00.10)  (0.23) 0.19) (0.08 to 0.20)
Caton-Dechamps 0.90 1.07 <0.001%* 0.92 1.13 <0.001°*
(0.20) (0.16) (0.13t0 0.23) 0.17) (0.16) (0.17 t0 0.25)
Blackburne-Peel 0.80 0.92 <0.001* 0.80 0.94 <0.001*
(0.16) (0.18) (0.07 t0 0.17) 0.14) 0.17) (0.10t0 0.19)
Patellophyseal index 0.27 0.50 <0.001* 0.25 0.55 <0.001*
(0.15) (0.15) (0.17 t0 0.28) (0.16) 0.14) (0.24 t0 0.36)
Time 2
Patella group  Insall-Salvati 1.19 1.34 <0.001%* 1.23 1.41 <0.001*
(0.23) (0.28) (0.09 t0 0.18) 0.24) (0.24) (0.12t0 0.23)
Modified Insall-Salvati  1.77 1.80 0.660 1.77 1.86 0.093
(0.30) (0.26) (=0.06t00.09)  (0.32) (0.26) (=0.02t00.21)
Caton-Dechamps 1.17 1.30 <0.001%* 1.15 1.28 0.003*
0.25) (0.23) (0.06 t0 0.17) (0.26) (0.20) (0.05 t0 0.22)
Blackburne-Peel 1.03 1.10 0.062 0.95 1.07 0.006*
0.24) (0.25) (—0.003t0 0.11)  (0.25) (0.23) (0.04 t0 0.22)
Patellophyseal index 0.34 0.65 <0.001* 0.38 0.61 <0.001*
(0.26) (0.22) (0.20 t0 0.38) (0.22) 0.21) (0.13t0 0.31)
Control group  Insall-Salvati 0.98 1.04 <0.001* 1.01 1.13 <0.001*
(0.18) 0.22) (0.03 t0 0.09) (0.19) 0.17) (0.08 t0 0.16)
Modified Insall-Salvati  1.63 1.64 0.724 1.58 1.71 <0.001*
(0.28) 0.22) (—0.06t00.08)  (0.19) (0.19) (0.08 t0 0.18)
Caton-Dechamps 0.96 1.10 <0.001* 0.90 1.10 <0.001*
(0.19) (0.18) (0.10t0 0.19) (0.16) (0.16) (0.15 t0 0.23)
Blackburne-Peel 0.86 0.96 <0.001* 0.78 0.90 <0.001*
(0.16) (0.19) (0.05 t0 0.14) (0.15) (0.18) (0.07 t0 0.16)
Patellophyseal index 0.28 0.55 <0.001%* 0.28 0.51 <0.001*
(0.18) (0.15) (0.20 t0 0.32) 0.14) 0.14) (0.18 t0 0.29)

"Paired Student’s r-test
*Statistically significant at <0.05 level

SD, standard deviation; MRI, magnetic resonance imaging

keeping with other studies [14, 16]. The differences in
reliability between MRI and X-ray are minimal. The ICC
is graded as excellent on all occasions on X-ray compared
to all but one occasion on MRI, where it is graded as mod-
erate. The reliability based on the kappa grading system

(k) on MRI was better than that on X-ray, particularly in
the patella group. The k grades are fairly similar between
MRI and X-ray in the control group. This is important
clinically as it shows that the classification of ‘normal’,
‘patella alta’ and ‘patella baja’ is reproducible in patients

@ Springer



1208 Skeletal Radiology (2022) 51:1201-1214

Table 5 Intra-observer reliability

Imaging Patella Observer A Observer B
height ratio
Patella group Control group Patella group Control group
Icc! K? ICC! K* ICC! K> IcC! K*
p-value p-value p-value p-value p-value p-value p-value p-value
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Grade® Grade* Grade? Grade® Grade? Grade* Grade? Grade*
X-ray Insall-Salvati 0.94 0.55 0.81 0.68 0.90 0.68 0.89 0.78
<0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
(0.90 to (0.32 to (0.69 to (0.43 to (082 to (0.47 to (0.82 to (0.56 to
0.97) 0.78) 0.89) 0.92) 0.94) 0.89) 0.90) 0.99)
Excellent Moderate Excellent Substantial ~ Excellent Substantial Excellent Substantial
Modified 0.74 0.61 0.46 0.46 0.65 0.49 0.79 0.37
Insall- <0.001* <0.001* <0.001* 0.001°* <0.001* 0.001°* <0.001* 0.007*
Salvati (0.57 to (0.34 to (0.21 to (0.01 to (0.44 to (0.15to (0.66 to (0.20 to
0.85) 0.89) 0.65) 0.91) 0.80) 0.82) 0.88) 0.94)
Moderate Substantial ~ Moderate Moderate Moderate Moderate Excellent Fair
Caton- 0.86 0.94 0.71 1.00 0.82 0.82 0.95 1.00
Dechamps <0.001* <0.001* <0.001* <0.001* <0.001* <0.001°* <0.001* <0.001*
(0.76 to (0.81 to (0.53 to (1.00 to (0.69 to (0.62 to (091 to (1.00 to
0.92) 1.00) 0.82) 1.00) 0.90) 1.00) 0.97) 1.00)
Excellent Almost Moderate Almost Excellent Almost Excellent Almost
perfect perfect perfect perfect
Blackburne- 0.81 0.63 0.69 0.64 0.81 0.63 0.90 1.00
Peel <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
(0.68 to (0.39 to (0.51to (0.27 to (0.67 to (0.40 to (0.81 to (1.00 to
0.89) 0.86) 0.81) 1.00) 0.89) 0.85) 0.94) 1.00)
Excellent Substantial ~ Moderate Substantial ~ Excellent Substantial Excellent Almost
perfect
Patellophy-  0.93 0.39 0.90 0.57 0.82 0.63 0.57 0.19
seal index  <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001%* 0.142
(0.87 to (0.09 to (0.83 to (0.20 to (0.68 to (0.35t0 (0.35to (=0.15to
0.96) 0.69) 0.94) 0.95) 0.90) 0.90) 0.73) 0.52)
Excellent Fair Excellent Moderate Excellent Substantial ~ Moderate Slight
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Table 5 (continued)
Imaging Patella Observer A Observer B
height ratio
Patella group Control group Patella group Control group
Icc! K’ ICC! K’ ICC! K2 ICC! K2
p-value p-value p-value p-value p-value p-value p-value p-value
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Grade® Grade* Grade® Grade® Grade® Grade* Grade® Grade*
MRI Insall-Salvati 0.82 0.64 0.68 0.60 0.85 0.83 0.82 0.72
<0.001%* <0.001* <0.001* <0.001%* <0.001* <0.001%* <0.001* <0.001*
(0.69 to (0.39 to (0.49 to (0.37 to (0.73 to (0.49t0 1.00) (0.71t00.90) (0.53t0 0.91)
0.90) 0.89) 0.80) 0.83) 0.92) Almost Excellent Substantial
Excellent Substantial ~ Moderate Moderate Excellent perfect
Modified 0.81 0.73 0.71 0.37 0.35 0.48 0.74 0.37
Insall- <0.001* <0.001* <0.001* 0.007°* 0.012* 0.002%* <0.001* 0.007*
Salvati (0.66 to (0.48 to (0.53 to (0.20 to (0.05 to (0.14t0 0.82) (0.591t00.85) (0.20to 0.94)
0.89) 0.98) 0.82) 0.94) 0.60) Moderate Moderate Fair
Excellent Substantial ~ Moderate Fair Poor
Caton- 0.69 0.78 0.82 0.24 0.40 0.43 0.87 0.56
Dechamps  <0.001* <0.001* <0.001* 0.054 0.005* 0.006* <0.001* <0.001*
(0.49 to (0.58 to (0.70 to (—0.21 to (0.10 to (0.15t00.72) (0.79t00.93) (0.17 to 0.95)
0.82) 0.99) 0.89) 0.69) 0.63) Moderate Excellent Moderate
Moderate Substantial ~ Excellent Fair Poor
Blackburne- 0.71 0.50 0.71 0.45 0.50 0.59 0.81 0.58
Peel <0.001* 0.002* <0.001* 0.002* <0.001* <0.001%* <0.001* <0.001*
(0.51to (0.22 to (0.54 to (0.18 to (0.22 to (0.34t0 0.85) (0.68t0 0.89) (0.32to 0.85)
0.83) 0.77) 0.83) 0.72) 0.70) Moderate Excellent Moderate
Moderate Moderate Moderate Moderate Moderate
Patellophy-  0.92 0.85 0.77 0.45 0.92 0.65 0.79 0.74
seal index  <0.001* <0.001* <0.001* 0.001* <0.001* <0.001* <0.001* <0.001*
(0.85 to (0.68 to (0.62 to (0.10 to (0.85 to (0.41t00.89) (0.651t00.87) (0.45to 1.00)
0.96) 1.00) 0.86) 0.80) 0.95) Substantial Excellent Substantial
Excellent Almost Excellent Moderate Excellent
perfect
Patellotroch- 0.82 0.59 0.66 0.29 0.83 0.73 0.54 0.66
learindex  <0.001* <0.001* <0.001* 0.051 <0.001%* <0.001%* <0.001* <0.001*
(0.68 to (0.30 to (0.47 to (—=0.19 to (0.70 to (0.43t01.00) (0.31t00.71) (0.02 to 1.00)
0.90) 0.89) 0.79) 0.57) 0.91) Substantial Moderate Substantial
Excellent Moderate Moderate Fair Excellent

Untraclass correlation coefficient

?Kappa measure of agreement

3ICC grading system (Shrout & Fleiss)

“*Kappa grading system (Landis & Koch)

*Statistically significant at <0.05 level

MRI, magnetic resonance imaging

without patella instability especially if the IS ratio is meas-
ured on MRIL

In clinical practice, MRI is taken in a more consistent
anatomical position with less variation in flexion angles
due to the patient always lying supine within a relatively
constrained knee coil in the scanner; this is substantiated
by Table 2 of the present study. It is likely that having the
leg in extension resulted in a higher IS ratio, causing more
patients with patellar instability to be classified as ‘patella

alta’. Becher et al. [19] suggested that having the leg in
extension when measuring the IS ratio results in a signifi-
cant rise in the ratio in patients with patella instability as
compared to a control group. This phenomenon is con-
firmed in Table 4 of the present study. We can see that the
mean value of the IS ratio was significantly higher on MRI
than on X-ray, almost 1 standard deviation higher than
the cutoff value for patella alta. This has clinical implica-
tions as more patients in the patella group were graded as
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Table 6 Inter-observer reliability

Imaging Patella Time 1 Time 2
height ratio
Patella group Control group Patella group Control group
Icc! K* IcC! K* IcC! K> IcC! K*
p-value p-value p-value p-value p-value p-value p-value p-value
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Grade® Grade* Grade® Grade* Grade? Grade® Grade? Grade*
X-ray Insall-Salvati 0.97 0.72 0.90 0.56 0.95 0.60 0.94 0.94
<0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
(0.94 to (0.51to (0.83 to (0.30to (0.90 to (0.38 to (0.90 to (0.82 to 1.00)
0.98) 0.92) 0.94) 0.82) 0.97) 0.82) 0.97) Almost perfect
Excellent Substantial ~ Excellent Moderate Excellent Moderate Excellent
Modified 0.54 0.31 0.80 —0.08 0.73 —0.08 0.66 0.37
Insall-Salvati  0.006* 0.038%* <0.001%* 0.552 <0.001* 0.623 <0.001%* 0.007*
(0.15to (0.01to (0.64 to (—0.01 to (0.51to (—=0.19to 0.41to (0.02 to 0.94)
0.75) 0.63) 0.88) 0.15) 0.86) 0.34) 0.81) Fair
Moderate Fair Excellent Poor Moderate Poor Moderate
Caton- 0.74 0.70 0.90 0.66 0.83 0.56 0.85 0.66
Dechamps <0.001* <0.001%* <0.001%* <0.001* <0.001* <0.001* <0.001°* <0.001*
(0.53 to (0.46 to (0.83 to (0.02 to (0.68 to (0.26 to (0.73 to (0.02 to 1.00)
0.86) 0.95) 0.94) 1.00) 0.91) 0.86) 0.91) Substantial
Moderate Substantial ~ Excellent Substantial ~ Excellent Moderate Excellent
Blackburne- 0.74 0.67 0.88 0.78 0.81 0.50 0.81 0.85
Peel <0.001* <0.001* <0.001%* <0.001* <0.001* <0.001* <0.001%* <0.001*
(0.52 to (0.45 to (0.79 to (0.49 to (0.66 to (0.25to (0.66 to (0.55 to 1.00)
0.86) 0.90) 0.93) 1.00) 0.90) 0.74) 0.89) Almost perfect
Moderate Substantial ~ Excellent Substantial ~ Excellent Moderate Excellent
Patellophy-  0.92 0.46 0.81 0.29 0.91 0.54 0.72 0.08
seal index  <0.001* <0.001* <0.001* 0.001* <0.001* <0.001* <0.001* 0.461
(0.85to (0.14 to (0.66 to (0.05 to (0.83 to 0.27 to (0.51to (—0.22 to
0.96) 0.79) 0.89) 0.63) 0.95) 0.82) 0.84) 0.39)
Excellent Moderate Excellent Fair Excellent Moderate Moderate Slight
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Table 6 (continued)

Imaging Patella Time 1 Time 2
height ratio
Patella group Control group Patella group Control group
1cC! K? 1cC! K? 1CC! K? 1cc! K?
p-value p-value p-value p-value p-value p-value p-value p-value
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Grade® Grade* Grade® Grade* Grade® Grade® Grade® Grade*
MRI Insall-Salvati 0.86 1.00 0.92 0.63 0.96 0.63 0.79 0.50
<0.001%* <0.001* <0.001* <0.001* <0.001* <0.001%* <0.001* <0.001*
(0.74 to (1.00 to (0.86 to (042 to (0.92 to (0.37 to (0.62 to (0.27 t0 0.73)
0.93) 1.00) 0.95) 0.84) 0.98) 0.88) 0.88) Moderate
Excellent Almost Excellent Substantial ~ Excellent Substantial ~ Excellent
perfect
Modified 0.87 0.66 0.72 -0.05 0.43 0.29 0.75 0.37
Insall-Salvati <0.001* <0.001%* <0.001%* 0.715 0.043* 0.068 <0.001%* 0.007*
(0.75 to (0.37 to (0.50 to (—=0.02 to (0.08 to (—0.06 to (0.56 to (0.20 t0 0.94)
0.93) 0.94) 0.84) 0.10) 0.70) 0.63) 0.86) Fair
Excellent Substantial ~ Moderate Poor Moderate Fair Moderate
Caton- 0.73 0.68 0.86 0.29 0.66 0.53 0.87 0.30
Dechamps  <0.001* <0.001%* <0.001°* 0.042 0.001* 0.001* <0.001* 0.025*
(0.49 to (0.45 to (0.76 to 0.11to (0.36 to (0.25 to (0.77 to (0.21 to 0.80)
0.86) 0.92) 0.92) 0.69) 0.82) 0.80) 0.92) Fair
Moderate Substantial ~ Excellent Fair Moderate Moderate Excellent
Blackburne- 0.85 0.60 0.81 0.47 0.65 0.59 0.82 0.57
Peel <0.001* <0.001%* <0.001%* 0.001%* 0.001* <0.001* <0.001* <0.001*
(0.71 to (0.34 to (0.67 to (0.20 to (0.34 to (0.34 to (0.69 to (0.31v0.82)
0.92) 0.85) 0.89) 0.74) 0.81) 0.85) 0.90) Moderate
Excellent Moderate Excellent Moderate Moderate Moderate Excellent
Patellophy-  0.96 0.80 0.82 0.45 0.97 0.70 0.85 0.39
seal index  <0.001* <0.001* <0.001* 0.001* <0.001* <0.001* <0.001* 0.005*
(093 to (0.61 to (0.68 to (0.10 to 0.94 to 0.47 to (0.74 to (0.02t0 0.76)
0.98) 0.99) 0.90) 0.80) 0.98) 0.93) 0.92) Fair
Excellent Substantial ~ Excellent Moderate Excellent Substantial ~ Excellent
Patellotroch- 0.83 0.57 0.75 0.66 0.91 0.55 0.91 -0.02
lear index  <0.001%* <0.001* <0.001* <0.001* <0.001* <0.001%* <0.001* 0.884
(0.66 to (0.27 to (0.56 to (0.02 to (0.82 to (0.21 to (0.85to (—0.05 to
0.91) 0.87) 0.86) 1.00) 0.95) 0.89) 0.95) 0.01)
Excellent Moderate Moderate Substantial ~ Excellent Moderate Excellent Poor

Untraclass correlation coefficient

2Kappa measure of agreement

3ICC grading system (Shrout & Fleiss)

“Kappa grading system (Landis & Koch)

*Statistically significant at <0.05 level

MRI, magnetic resonance imaging

having patella alta when using the IS ratio as compared to
the other indices.

A recent study by Ye et al. [20] suggests that all measure-
ments for patellar height on MRI showed adequate intra- and
inter-observer reliability. The present study would contradict
this as there was variability in the reliability of the indices
assessed.

The mlS ratio performed poorly overall in terms of intra-
and inter-observer reliability. The ICC grade was moderate
or lower on most assessments. Similarly, the k£ grading was

fair or lower on most occasions. The mean value of the mIS
ratio in the patella group was approximately 1 standard devi-
ation lower than the cutoff value for patella alta, meaning
that when using mIS, the majority of patients in the patella
group were categorised as having a normal patella.

The BP ratio appears to have comparable inter- and intra-
observer reliability to the IS ratio when measured on X-ray,
both in terms of ICC grading and k value; however, when
BP is measured on MRI, this drops to an average rating of
moderate. The observers often found that the measurement
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Table 7 Comparison between X-ray and MRI (X-ray knee flexion
range 20 to 40°)

All grades Patella Normal Patella

alta patella baja
Mean IS X-ray 1.15 1.44 1.00 0.68
(SD) 0.27) 0.17) 0.11) (N/A)
Mean IS MRI 1.25 1.54 1.10 0.81
(SD) (0.28) (0.19) 0.14) (N/A)
Difference in ratios  0.10 0.10 0.10 0.13
Mean mIS X-ray 1.79 223 1.68 N/A
(SD) (0.28) (0.13) (0.19)
Mean mIS MRI 1.81 2.06 1.75 N/A
(SD) (0.20) (0.12) 0.17)
Difference in ratios  0.02 -0.17 0.07 N/A
Mean CD X-ray 1.13 1.52 1.01 N/A
(SD) (0.26) (0.16) 0.12)
Mean CD MRI 1.26 1.56 1.16 N/A
(SD) 0.21) 0.11) (0.13)
Difference in ratios  0.13 0.03 0.16 N/A
Mean BP X-ray 0.94 1.26 0.82 N/A
(SD) 0.24) (0.18) (0.08)
Mean BP MRI 1.07 1.39 0.95 N/A
(SD) (0.25) (0.16) (0.13)
Difference in ratios  0.13 0.13 0.13 N/A
Mean PP X-ray 0.32 0.71 0.28 N/A
(SD) (0.16) (0.01) (0.10)
Mean PP MRI 0.60 0.93 0.56 N/A
(SD) (0.26) (0.13) (0.25)
Difference in ratios  0.27 0.22 0.28 N/A

IS, Insall-Salvati; miS, Modified Insall-Salvati; CS, Caton-Dechamps;
BP, Blackburne-Peel; PP, patellophyseal index; SD, standard devia-
tion; MRI, magnetic resonance imaging; N/A, not applicable

line along the tibial plateau was difficult to draw when view-
ing the slice with the maximum patella length; this may be
due to this slice lying in the same plane as the insertion of
cruciate ligaments, meaning there was not a smooth surface
to measure along. In clinical practice, we would only rec-
ommend using this index on X-ray. Similarly, the CD ratio
had better inter- and intra-observer reliability on X-ray as
compared to MRI. The observers often found it difficult to
identify the apex of the tibial plateau on MRI, making the
CD ratio more subjective.

The observers also found that the PP index was often hard
to measure on X-ray due to the differences in rotation and
flexion. The observers found it easier to measure on MRI;
this is supported by better intra- and inter-observer reliability
on MRI. This is in keeping with the results of Ali et al. [12]
who measured this index. Although the ICC values for both
intra- and inter-observer reliability were similar to that of the
IS ratio, the k gradings were better for IS. As this is quite a
novel method of measuring patellar height, further investi-
gation is needed into the normal ranges. For this reason, we
feel the IS ratio is preferable to the PP index.

The PT index was the only variable used exclusively
on MRI. The ICC for intra- and inter-observer reliability
ranges from moderate to excellent. Conversely, when we
categorise the results and apply the kappa measurement of
agreement, the intra- and inter-observer reliability is more
variable, ranging from poor to substantial. As this is a com-
parably novel index, more research needs to be carried out
to determine the optimum cutoff values for ‘patella alta’ and
‘patella baja’. The observers found that due to the modest
number of measures obtained for this particular index (i.e.
MRI only), a small variation in measurements could result in
a disproportionate change in the ratio. In this study, sagittal
T1-weighted MRI images were used, but if sagittal PD fat-
saturated images were used instead, the articular cartilage
would have appeared clearer, theoretically making it easier
to measure. A future study comparing the MRI measure-
ments on T1-weighted and PD fat-saturated sagittal images
may be beneficial as the PT index may be more reliable on
the latter.

It is recognised that the knee flexion angle influences
patella height. The closer to extension, the higher the patella;
the more flexed position leads to a lower patella height. In
this study, X-ray images had a large variation of knee flex-
ion angles whereas in the MRI scans, the knee position had
much smaller variation but a more extended position. There-
fore, MRI scans can potentially over diagnose patella alta as
the knee is always in a more extended position and so it is
important to create new set of normative values for patella
height measurements performed on MRI scans. Several stud-
ies have considered the adjustments required to the tradi-
tional normal ranges on X-ray in order to apply these indices

Table 8 Proposed normal

Insall-Salvati Modified Insall- Caton-Dechamps Blackburne-Peel
ranges Salvati
X-ray MRI X-ray MRI X-ray MRI X-ray MRI
Patella alta >1.2 >13 >2 >2 >13 >14 >1.0 >1.1
Normal patella ~ 0.8-1.2  0.9-1.3 <2 <2 0.06-1.3  0.06-14 05-1.0 0.6-1.1
Patella baja <0.8 <09 N/A N/A <0.06 <0.06 <05 <0.6

MRI, magnetic resonance imaging; N/A, not applicable
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to MRI. Lee et al. [21] have recommended corrections to the
cutoff points for ‘patella alta’ and ‘patella baja’ when using
both the IS and BP ratios in the order of 0.13 and 0.09 units,
respectively. Yue et al. [16] have suggested that IS, mIS, CD
and BP all require an adjustment of roughly 0.1 units to the
cutoff values for these four ratios.

This study is the first, to our knowledge, to set out specific
ranges for MRI for IS, mIS, CD and BP across all grades
of patella height. The adjustments to both IS and BP are
similar to the two studies mentioned previously [16, 21];
all cutoff values are raised by 0.1 units across all grades on
MRI. However, this study cannot recommend a change to
all grades using the CD index. The cutoff value for ‘patella
alta’ can be raised by 0.1 on MRI but there is not enough
evidence to do the same for ‘patella baja’. A change from
0.06 to 0.16 would be too large without investigating a large
group of individuals with ‘patella baja’. This study recom-
mends no changes to the mIS ranges on MRI. In patients
graded as ‘patella alta’ on X-ray, the mIS is smaller on MRI.
Conversely, in patients graded as ‘normal’ on X-ray, the mIS
is higher on MRI. When considering the average across both
groups, there is a negligible adjustment factor of 0.03 cal-
culated. A larger sized study would be useful to investigate
this further.

For all the indices measured on MRI, the observers used
a single standardised image slice; this is a validated method
as described in similar studies [11, 12, 16, 21, 22]. As this
slice was selected based on the maximum length of the
patella, this may not correlate with other landmarks such as
the apex of tibial plateau or the tibial tuberosity. Occasion-
ally, this sagittal image may not have been taken perfectly
in plane, resulting in a slightly oblique image. The natural
rotational alignment of the tibia relative to the femur within
the native knee joint could also bear an influence in this
regard. This may also cause the above problems of identi-
fying landmarks on a single sagittal image slice and could
yield higher measurements, particularly when measuring
patellar tendon length, which may also explain the higher
ratios observed on MRI.

The two observers in this study have no formal Radiology
training; this may have impacted on the interpretation of MRI
images, particularly the more skilled measurements such as the
PP and PT indices. If this study was repeated with Consultant
Radiologists as observers, we may find different results. Ye
et al. [20] carried out a similar study using Musculoskeletal
Radiologists, the ICC values for inter- and intra-observer reli-
ability were higher than our values for all indices. In particular,
the reliability of the PT index on MRI in our control group was
much lower than that of the measurements made by the Con-
sultant Radiologists. However, it is worth noting that our stud-
ies are not identical in design as they did not separate patients
into a control group and patella instability group. Furthermore,

the results of the current study are more generalisable to a
larger audience as opposed to a smaller cohort of specialist
radiologists alone.

The limitations of this retrospective study primarily
related to the image acquisition. As the imaging had been
performed as part of the routine clinical diagnostic pro-
cess rather than to specifically measure patellar height, the
images were occasionally suboptimal. Ideally, all X-rays and
MRIs would have been taken at 30 degrees of flexion. Fur-
thermore, all X-rays would have been true laterals (femoral
condyles directly superimposed upon one another) and the
MRI images would have accurate sagittal images. A pro-
spective study where the ratios are measured on images
with more consistent knee flexion angles would have been
beneficial to mitigate these potentially confounding factors.
Another area for future research is the establishment of a
validated reference range for ‘patella baja’ when using the
mlS ratio as currently it only includes values for ‘normal
patellar height’ and ‘patella alta’.

Conclusion

This study recommends the use of the Insall-Salvati ratio on
MRI to radiologically evaluate patella height. The IS ratio
was the most consistently reliable across both patient groups
and imaging modalities. In addition, the IS ratio measured
on MRI more accurately identified patients with patella alta.
Patella height measurements significantly differed between
X-rays and MRI scans. This may infer that a different set of
normative values are required for each radiological modality,
which we have proposed in this study.
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