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Abstract This study was done to determine whether there

is a correlation between the notch volume and the

notch width index (NWI) as measured on the three most

frequently used radiographic views: the Holmblad 45�,

Holmblad 70�, and Rosenberg view. The notch volume of

20 cadaveric knees was measured using Computed

Tomography (CT). The Holmblad 45�, Holmblad 70�, and

Rosenberg notch view radiographs were digitally re-created

from the CT scans for each specimen, and the NWI

was measured by two observers. The Pearson correlation

coefficient between the NWI and notch volume was cal-

culated, as well as between the three views. An independent

t test was performed to determine the difference in NWI and

notch volume between male and female specimens. The

reliability for each view was also determined. There was no

correlation between the NWI as measured on the Holmblad

45�, Holmblad 70�, or Rosenberg view and the notch

volume. All three radiographic views proved reliable, but

showed only a moderate correlation with each other. Men

had larger notch volumes than women, but there was no

difference in NWI. A knee with a small intercondylar notch

is often considered an increased risk for ACL rupture. The

NWI is a frequently used two-dimensional method to

determine notch size. However, in the present study, this

index was not positively correlated with the overall volume

of the notch. Based on the results of the current study, the

authors would advice to use caution when using notch view

radiographs in a clinical setting to predict risk of ACL

rupture.

Keywords Anterior cruciate ligament �
Notch width index � Intercondylar notch � Radiograph �
Computed Tomography

Introduction

The close relationship between the function of the anterior

cruciate ligament (ACL) and the femoral intercondylar

notch has long been recognized [10]. The most widely used

two-dimensional measurement of the notch size is the

notch width index (NWI). This method was described by

Souryal and Freeman in 1988 and is defined as the width of

the intercondylar notch at the level of the popliteal groove

divided by the bicondylar width at the same level [13]. This

is measured on a notch view radiograph with the knee

in 45� of flexion. After the NWI was established, many

different notch view radiographic methods have been

proposed to visualize the anterior and posterior outlet of the

notch and the popliteal groove: the Holmblad 45� view [7],

the Holmblad 70� view [8, 12], and the Rosenberg view

[6, 11]. The accuracy of these methods was recently

studied by Anderson et al., who compared the radiographic

measurements to caliper measurements in cadaveric spec-

imens and concluded that only the Holmblad 70� view was

accurate [1]. However, to our knowledge, there has not

been any study to determine which (if any) radiographic

view best predicts overall notch size (i.e., volume).
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The primary aim of the present study was to determine

the correlation between the three-dimensional notch vol-

ume and the NWI as measured on the three most frequently

used radiographic views: the Holmblad 45�, Holmblad 70�,

and Rosenberg view.

We also had three secondary aims. The first was to

determine the intra- and inter-observer reliability of the

three views. The second to determine the correlation

between the three NWIs as measured on the Holmblad 45�,

Holmblad 70�, and Rosenberg view. Lastly, we aimed to

determine whether there was a difference in NWI and

notch volume between male and female specimens.

Methods and materials

This was a controlled laboratory study. Twenty cadaveric

knees underwent computed tomography (CT) imaging of

the knee. Specimens were excluded from the study when

osteoarthritic changes were seen on the CT scan. The

boundaries of the intercondylar notch were defined based on

anatomic landmarks. The superior starting point of the

notch was defined as the first axial slice to show both

condyles. This was confirmed on the sagittal view. The

inferior endpoint of the notch was defined as the last axial

slice with continuity between the medial and the lateral

femoral condyle. The posterior border of the notch in each

axial image was said to be the line drawn between the two

points on the inside of the femoral condyles with a sudden

change of slope. This method was based on the technique by

Charlton et al. [3] for MRI . This method was first validated

through intra- and inter-observer testing and found to be

highly reliable. Manual digital tracings of the notch area

were performed on the axial CT images, using Osirix

(Osirix, Geneva, Switzerland), 3D imaging software. The

measured areas were then used to calculate the volume by

summing the number of images within the defined femoral

notch and multiplying by the slice thickness (Fig. 1).

Digitally reconstructed radiographs were created from

the CT scans using Amira software (Visage Imaging

GmbH, Berlin, Germany). This software allows for digi-

tally reconstructed radiographs to be made from the data of

the CT scan, simulating different X-ray source positions

and angles (Fig. 2). First, all femurs were aligned in a

way that the posterior condyles were superimposed in

the sagittal orientation. Subsequently, the Holmblad 45�,

Holmblad 70�, and Rosenberg view were simulated

according to the description of the methods by Anderson

et al. [1] to create a notch view radiograph for all the

cadaveric knees for the three different methods (Fig. 3).

The NWI was measured according to the method by

Souryal and Freeman [13], using ImageJ (ImageJ v1.41o,

National Institutes of Health, USA). The width of the

intercondylar notch at the level of the popliteal groove was

measured and divided by the bicondylar width at the same

level (Fig. 4). Two observers measured the NWI twice on

two separate occasions one week apart. One of the

observers was a research fellow in orthopedic surgery

working on a PhD thesis, and the second observer a sports

medicine trained orthopedic surgeon with 15 years

experience.

Statistical analysis

The data were analyzed with PASW Statistics (version 17.0,

SPSS Inc., Chicago, IL). The intra-class correlation coeffi-

cient (ICC) was calculated to determine both intra- and inter-

observer reliability for the NWI as measured on the three

different views. The measurements of one observer were

used for further statistical analysis. The Pearson correlation

coefficient was calculated to determine the correlation

between the NWI measured on the Holmblad 45�, Holmblad

70�, and the Rosenberg view. The Pearson correlation

coefficient was also used to determine the correlation

between the three NWIs and the notch volume. An inde-

pendent t test was performed to determine the difference in

NWI on all three views and notch volume between male and

female specimens. An alpha level of 0.05 was chosen for

statistical significance. Sample size was not calculated

before starting the study, due to the absence of a reference

range of the expected correlation between the NWI and

notch volume. Therefore, a post hoc power analysis was

performed.

Results

The demographic data of the 20 cadaveric specimens are

displayed in Table 1. The ICC for the NWI measurements

on the three radiographic views for intra-rater reliability

ranged from 0.81 to 0.98 and for inter-rater reliability from

0.89 to 0.94. All the ICC’s and their 95% confidence

intervals are displayed in Table 2. The measured NWI

ranged from 0.24 to 0.38. The Rosenberg view displayed

the largest range, while the Holmblad 70� had the small-

est range. The average notch volume was 7.3 cm3 and

ranged from 3.5 to 18.2 cm3 (Table 3). The correlation

between the NWI measured on the Holmblad 45� view

and the Holmblad 70� view was 0.78 (P \ 0.001), between

the Holmblad 45� and the Rosenberg view was 0.71

(P \ 0.001), and between the Holmblad 70� and Rosen-

berg view was 0.66 (P = 0.002). There was no significant

correlation between the notch volume and the NWI as

measured on either the Holmblad 45�, Holmblad 70�, or

Rosenberg view. The NWI as measured on the Holmblad
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Fig. 1 The notch area was measured on all axial CT slices that

contained the notch. The green outline illustrates the notch area, and

the box provides information about the size. Subsequently, all the

areas were summated and multiplied by the slice thickness to

determine the notch volume. This is a simplified image, since an

average notch would contain between 30 and 100 slices, depending on

the extent of the notch

Fig. 2 This image illustrates how the Amira software reconstructs a

digital radiograph, using a three-dimensional reconstruction of the CT

scan. a The three-dimensional reconstruction of the CT scan of the

knee is made, and a digital radiograph is made through this

reconstruction and projected on the background. b The femur is

rotated to simulate the position to the X-ray source according to the

three different notch view techniques. The tibia is partially removed

to eliminate over-projection and improve image quality of the

simulated radiograph C. The reconstructed CT scan is removed and

the notch view radiograph is visible on the bottom. This notch view

radiograph can be saved as a separate image and subsequently

measured with ImageJ software
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45�, Holmblad 70�, and Rosenberg view was not different

between male and female specimens. There was a signifi-

cant difference in notch volume between the men and

women (P = 0.003) (Table 4).

Discussion

The main finding of the present study was the absence of a

statistically significant correlation between the NWI and

3D notch volume. The primary aim of this study was to

determine whether there is a correlation between the notch

volume and the NWI as measured on the three most

frequently used radiographic views: the Holmblad 45�,

Holmblad 70�, and Rosenberg view, and which view has

the best correlation with notch volume. This was attempted

in order to see if NWI could predict overall notch size.

A reason for the absence of a significant correlation could

be that the NWI is an index that corrects a patient’s notch

width for his or her bicondylar width, while the overall

notch volume is an absolute measurement, not corrected for

the patients’ bone size.

The average NWI in this study was 0.31. This is slightly

higher than the average NWI in previously published

papers. Souryal et al. [12, 13] described a mean NWI of

0.23, Anderson et al. [1] 0.26, and Chandrashekar et al. [2]

was the closest to the current study with 0.28. This illus-

trates that there is a wide range of both notch width and

bicondylar width. Differences could be based on the

difference in age between the studied populations.

One of our secondary aims was to determine whether

there was a difference between male and female specimens

with respect to NWI and volume. We found no difference

in NWI on either the Holmblad 45�, Holmblad 70�, or

Rosenberg view between. However, there was a signifi-

cantly larger notch volume in the male subjects. This is in

line with other literature that finds a larger notch size in

men than in women [3–5, 9, 14].

Another secondary aim was to determine the intra- and

inter-observer reliability of the Holmblad 45�, Holmblad

70�, and Rosenberg view. A good intra- and inter-observer

reliability was found for all three views. The Holmblad 45�
had the best combination of a good intra- and inter-

observer reliability. A possible explanation for this could

be that this view has good visualization of both the notch

outlet, as well as the popliteal groove, which results in

consistency of the measurement location.

The last secondary aim was to determine the correlation

between the three NWI as measured on the Holmblad 45�,

Holmblad 70�, and Rosenberg view. There was a moderate

Table 1 Demographics of the 20 cadaveric specimens

Mean or ratio SD Range

Gender:male:female 10:10

Age (years) 58 7 37–67

Height (cm) 173 10 155–191

Weight (kg) 70 19 44–108

Side:right:left 10:10

SD standard deviation

Fig. 3 Example of the digitally reconstructed radiographs from the CT scan with Amira software for one of the specimens. a Holmblad 45�
view. b Holmblad 70� view. c Rosenberg view

Fig. 4 Method to measure the notch width index. A line is drawn

between the most inferior points of both condyles. The bicondylar

width is measured along this line, at the level of the popliteal groove.

Lastly, the notch width is measured at this same level
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to good correlation between the three methods, ranging

from 0.66 to 0.78. This translates to about 50% overlap

between the different methods (r2 between 0.44 and 0.60).

This can be explained by the different measurement loca-

tions, caused by the different views. The three radiographic

methods each result in a different view of the notch and a

different part of the notch outlet that is in line with the

popliteal groove. The anatomic variability of the notch, in

particular the notch shape, determines the magnitude of the

effect of using the different views. If the notch is more

A-shaped, measuring at a different location in the notch has

a larger effect than if the notch has a more rounded shape

(Fig. 5).

The limitations of this study are that CT scans were used

to reconstruct digital radiographs in different configura-

tions, rather than using living subjects and taking radio-

graphs of their knees. The method used in this study is

more consistent because it uses a standardized protocol that

is not influenced by compliance and alignment of the

patient and accidentally rotated radiographs. This degree of

accuracy may, however, be hard to reproduce in a hospital

setting, using the different notch view radiographic con-

figurations, and therefore the reliability of the measure-

ments may be overestimated in the present study.

Furthermore, flexion was simulated by rotation of the

femur relative to the digital X-ray source after that the tibia

was partially removed to eliminate overlap and improve

image quality. In the current study, we were not able to

compare the measured notch volume and NWI to actual

measurements taken from the cadaveric specimens. This

was due to that the cadaveric specimens had to be used for

another study as well and therefore were not available for

dissection. However, correlation between radiographic

Table 2 Intra-class correlation coefficients for intra- and inter-rater reliability

ICC rater 1 ICC rater 2 ICC rater 1 versus 2

NWI Holmblad 45 0.93 [0.80–0.98] 0.91 [0.64–0.97] 0.94 [0.66–0.98]

NWI Holmblad 70 0.81 [0.52–0.93] 0.93 [0.81–0.97] 0.90 [0.74–0.96]

NWI Rosenberg 0.98 [0.94–0.99] 0.88 [0.70–0.95] 0.89 [0.58–0.96]

ICC intra-class correlation coefficient, NWI notch width index. [95% Confidence Interval]

Table 3 Measured notch width indexes and notch volumes

Mean SD Range

NWI Holmblad 45 0.31 0.03 0.26–0.38

NWI Holmblad 70 0.32 0.03 0.27–0.38

NWI Rosenberg 0.30 0.04 0.24–0.38

Notch volume (cm3) 7.3 3.5 3.5–18.2

SD standard deviation, NWI notch width index

Table 4 Difference in NWI and notch volume between male and

female specimens

Mean males Mean females P value

NWI Holmblad 45 0.31 0.31 NS

NWI Holmblad 70 0.32 0.32 NS

NWI Rosenberg 0.30 0.31 NS

Notch volume (cm3) 9.5 5.1 0.003

NWI notch width index

Fig. 5 The notch has a variety of different shapes. Two Holmblad

45� notch view radiographs are shown of two different specimens.

a Round-shaped notch; variation in the measurement location in this

specimen would not cause a large difference in notch width index,

since the walls of the notch are relatively straight. b A-shaped notch;

variation in the measurement location in this specimen would

probably cause a large difference in notch width index, since the

walls of the notch are sloped
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measurement of the NWI and cadaveric measurements was

reported earlier by Anderson et al. [1]. We used the mea-

surements of one observer for further statistical analysis,

however, since a satisfactory correlation was seen between

the observers, it was deemed appropriate. Lastly, due to

that this was the first study to determine the correlation

between the NWI and three-dimensional notch volume, we

were unable to perform a reliable sample size calculation

before conducting the study. This was mainly caused by the

inability to predict the magnitude of the correlation

between the NWI and notch volume, if any, which was the

primary aim of the present study. However, with the results

of our study, we have conduction a post hoc power cal-

culation. With the correlation of the present study between

0.03 (P 0.90) and 0.19 (P 0.42), and a sample size of 20

specimens, the power is between 75 and 92%, which was

deemed appropriate.

Based on the main findings of the present study, we

would recommend using caution when applying notch view

radiographs in a clinical setting to predict risk of ACL

rupture. Although all tested notch view radiographs proved

reliable to measure NWI, there is no indication that NWI

predicts overall notch size.

Conclusion

In conclusion, this study showed that there is no significant

correlation between the NWI, as measured on three most

frequently used notch view radiographs, and the overall

volume of the notch as measured on CT scan. All three

radiographic views, the Holmblad 45�, Holmblad 70�, and

Rosenberg view, proved to be reliable, but showed only a

moderate correlation with each other. Men had a signifi-

cantly larger notch volume than women, but there was no

difference in NWI.
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