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Abstract The aim of this study was to determine whether

there is a difference in the presence of the lateral inter-

condylar ridge and the lateral bifurcate ridge between

patients with sub-acute and chronic ACL injuries. We

hypothesized that the ridges would be present less often

with chronic ACL deficiency. Twenty-five patients with a

chronic ACL injury were matched for age and gender to 25

patients with a sub-acute ACL injury. The lateral inter-

condylar ridge and lateral bifurcate ridge were scored as

either present, absent, or indeterminate due to insufficient

visualization by three blinded observers. The kappa for the

three observers was .61 for the lateral intercondylar ridge

and .58 for the lateral bifurcate ridge. The lateral interc-

ondylar ridge was present in 88% of the sub-acute patients

and 88% of the chronic patients. The lateral bifurcate ridge

was present in 48% of the sub-acute and 48% of the

chronic patients. This matched-pairs case–control study

was unable to show a difference in the presence of the

femoral bony ridges between patients with acute and

chronic ACL injuries. The authors would suggest looking

for the ridges as a landmark of the native ACL insertion

site during ACL reconstruction in both acute and chronic

ACL injuries.
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Introduction

Recently, there has been an increase in interest in anatomic

anterior cruciate ligament (ACL) reconstruction. This

means using the native ACL insertion sites to determine the

tunnel positions. It is hypothesized that this method will

more closely restore the native anatomy of the ACL and

may decrease the risk of developing early osteoarthritis. In

acute patients, the remnants of the ACL can often be seen

and used to determine the location of the insertion sites.

However, in chronic patients, the remnants are often

(partially) gone, and the surgeon has to rely on other

landmarks, such as osseous landmarks, to determine the

tunnel positions. The lateral intercondylar ridge is an

osseous landmark that was first described by Clancy [6],

who called it the residents’ ridge. It is located on the medial

wall of the lateral femoral condyle and runs from anterior

to posterior with the knee in 90 degrees of flexion (oper-

ating position). Since its discovery, the ridge has been

described in multiple anatomical studies. Purnell et al. [10]

concluded that it clearly demarcates the anterior-most

border of the origin of the ACL. Farrow et al. studied the

morphology of the intercondylar notch in 200 human

femurs and found the lateral intercondylar ridge to be

present in 194 of them. Ferretti et al. [4] recently described

an additional ridge perpendicular to the lateral inter-

condylar ridge, separating the anteromedial (AM) and

posterolateral (PL) bundle insertion of the ACL; the lateral

bifurcate ridge.
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It is suspected that the lateral intercondylar ridge exists

because of osseous remodeling in response to stress from

the ligament fibers, in accordance with Wolff’s law [5].

This might be why the ridge is more clearly defined in

young active people, as they put more strain on their ACL

[8]. If this is true, when there is no ACL (in case of chronic

insufficiency), the ridge could possibly gradually disap-

pear. It has been suggested by surgeons that in patients with

chronic ACL injury, the ridge is less visible or not visible

at all. However, to our knowledge, this has never been

proven in literature. Our hypothesis is that both the lateral

intercondylar ridge and the lateral bifurcate ridge are

present less often in patients with chronic ACL injury than

in patients with acute ACL injury.

Materials and methods

This was a matched-pairs case–control study. Between

2005 and 2009, all patients who underwent ACL recon-

struction after a chronic ACL injury were included.

Chronic ACL injury was defined as the patient being ACL

deficient for longer than 12 months before undergoing

reconstructive surgery. These patients were then matched

for gender and categorized age (\14 years, 14–18, 18–23,

23–30, 30–45, or 45?) to patients with sub-acute ACL

injuries with ± one age category accepted. Sub-acute was

defined as a time shorter than 6 months between the ACL

injury and the reconstructive surgery. A 6-month time

period was left between the two groups in order to prevent

overlap between the chronic and the sub-acute patients.

Patients with previous injury to or surgery on the ipsilateral

knee were excluded. Three orthopedic surgeons trained in

sport medicine independently reviewed the arthroscopic

footage of all patients and scored the presence of the lateral

intercondylar ridge and lateral bifurcate ridge as either

present, absent, or indeterminate due to insufficient visu-

alization. Patient age, gender, body mass index (BMI), and

the surgical delay were recorded. This study was approved

by the Institutional Research Board (IRB).

Statistical analysis

The Kappa inter rater reliability for multiple raters was

calculated. The ratings of one observer were used for fur-

ther statistical analysis. When one of the ridges was scored

as indeterminate, those data were considered missing. The

demographic data were compared between the groups,

using a paired t-test for continuous variables and the

McNemar test for nominal variables. The presence of the

lateral intercondylar and bifurcate ridge was expressed in

percentages for both groups. The difference between the

sub-acute and chronic group was calculated using the

McNemar test. The a priori alpha level for statistical sig-

nificance was set a P \ .05.

Results

The kappa for the three observers was .61 for the lateral

intercondylar ridge and .58 for the lateral bifurcate ridge.

Subject demographic data are displayed in Table 1.

There was no difference between the groups for age, gen-

der, and BMI. The surgical delay was different between the

groups, with a mean of 2 months for the sub-acute subjects

and 29 months for the chronic subjects (P \ .001).

The lateral intercondylar ridge was present in 88% of

the sub-acute patients and 88% of the chronic patients

(Fig. 1). It was scored as indeterminate in 4% and absent in

8% of the subjects in both groups. The lateral bifurcate

ridge was present in 48% of both the sub-acute and chronic

patients (Fig. 1). It was scored as indeterminate in 20 and

24% and absent in 32 and 28% of the sub-acute and chronic

subjects, respectively (Figs. 2, 3).

Table 1 Demographic data of the included subjects

Acute Chronic P value

Mean

or ratio

Range Mean

or ratio

Range

Age 28 16–51 27 16–63 NS

Gender

Male: female 10:15 10:15 NS

BMI 25 20–38 26 20–38 NS

Surgical delay 2 1–6 29 12–109 \.001�

SD standard deviation, BMI body mass index
� The surgical delay was significantly different between the chronic

and sub-acute group

Fig. 1 Arthroscopic anteromedial portal view of the right knee in 90�
of flexion. Both the lateral intercondylar ridge and lateral bifurcate

ridge are present
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For objects that were scored as indeterminate, the

presence of the ridges could not be accurately determined.

Therefore, for further statistical analysis, these patients

were considered missing data, leaving 23 paired subjects in

each group for comparison of the presence of the lateral

intercondylar ridge. There was no difference between the

sub-acute group and the chronic group (P = 1.00). Fifteen

paired subjects in each group were available for compari-

son of the presence of the lateral bifurcate ridge. There was

no difference between the sub-acute group and chronic

group (P = 1.00).

Discussion

The most important finding of the present study was that it

was unable to identify a difference in the presence of the

femoral bony ridges between patients with acute and

chronic ACL injuries. It showed that the lateral inter-

condylar ridge is present in 88% of both acute and chronic

ACL injuries. The lateral bifurcate ridge is present in 48%

of acute and chronic patients. Farrow et al. [2] could

identify the lateral intercondylar ridge in 97% of their

specimens. However, these were femurs from a museum

collection that had no soft tissue left and were studied in

real time without the use of an arthroscope. It was not

known if these subjects had ACL injuries.

A limitation of this study is that the presence of the

ridges was determined from arthroscopic videos, not during

the surgery by the observer. Therefore, the observer was

unable to personally maneuver the scope and probe the

ridges to determine their presence. However, we did find

good agreement for the lateral intercondylar ridge among

the three observers. The inter rater agreement for the lateral

bifurcate ridge was only moderate. A possible explanation

for this is that the observers found that this ridge was more

difficult to visualize, resulting in the ridge often being

scored as indeterminate. Based on the good inter rater

agreement for the lateral intercondylar ridge, we felt it was

justified to use the ratings of one observer for statistical

analysis purposes. During this statistical analysis, an

indeterminate score was considered as missing data. There

were two patients in which the lateral intercondylar ridge

could not be determined, one in the sub-acute group and

one in the chronic group. Unfortunately, these two subjects

were not paired to one another, thus when the paired

analysis was done, two subjects in each group were

excluded from the analysis, resulting in 23 patients in both

groups, instead of 25. A similar situation occurred for the

lateral bifurcate ridge, resulting in merely 15 available

subjects in each group for that comparison.

Another limitation of the current study is the small

sample size. This is attributed to the demographics of the

practice sampled in this study, which primarily consists of

acute ACL injuries. With the available sample size of 25

subjects per group, we were unable to find any difference in

the presence of both ridges. In order to conclude that there

is no difference in the presence of the ridges between

patients with acute and chronic ACL injuries, a post-hoc

power analysis was performed with a desired power of .90.

To find a 5% difference in the presence of the intercondylar

ridge, assuming that the ridge is present in 90% of the

patients with an acute ACL injury, we would need over 500

subjects per group. Based on our results and power anal-

ysis, we believe that the observed difference between acute

and chronic patients is not clinically relevant.

A strong point of this study was that it was a matched-

pairs case–control study. There was no influence of gender

or age on the results of this study. An explanation for the

inability of the current study to find a difference in the

presence of the ridges between patients with chronic and

acute ACL injuries could be that the presence of the ridges

is influenced by other factors. One of which could be age.

It is possible that more pronounced ridges may result as

Fig. 2 Arthroscopic anteromedial portal view of the right knee in 90�
of flexion. The lateral intercondylar ridge is present, but the lateral

bifurcate ridge is absent

Fig. 3 Arthroscopic anteromedial portal view of the right knee in 90�
of flexion. Both the lateral intercondylar ridge and lateral bifurcate

ridge are absent
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people age, due to the sustained force of the ACL on the

femur for a longer period of time. Another factor of

influence could be an individual’s activity level. This was

not recorded in the present study. More active people have

more force of the ACL, possibly resulting in greater ridge

formation in young active people [8].

The range in surgical delay in the chronic group was 12–

109 months, but it may take longer after ACL injury for the

bony ridges to disappear. It is possible that this process

takes many years. However, if this is the case, the clinical

significance of when not to expect the ridge to be present

would be small, since it is rare to perform reconstructive

surgery on patients years after their injury. Furthermore, it

is possible that there is no difference in the presence of the

ridges between patients with acute and chronic ACL inju-

ries. Surgeons who suggest that the ridge disappears may

be biased by knowing the patient’s history before starting

the procedure. When the ACL remnants are no longer

visible, it may be more difficult to locate the ridges.

Sometimes, the ridge cannot be seen but only felt when the

wall of the notch is carefully probed [5]. On the other hand,

the observers in our study were specifically looking for

both ridges and had no knowledge of patient’s history.

If there is little difference in the presence of the ridges in

acute and chronic ACL injuries, this would be beneficial to

ACL reconstruction. The ridges are an important landmark

for determining the native ACL insertion site [9]. In

chronic injuries, when the femoral remnant has disap-

peared, the ridges can still be used to locate the ACL

footprint. Even during ACL revision surgery, if the previ-

ous tunnel was drilled outside of the native insertion site,

the ridges could inform the surgeon where to place the new

tunnels [11]. The ridges can also be very useful during

navigation-assisted reconstruction [1, 3, 7, 12]. They can

even be used to locate the native ACL insertion site in an

uninjured knee, using three-dimensionally reconstructed

computer tomography (CT) scans (Fig. 4).

Conclusions

The aim of this matched-pairs case–control study was to

determine whether there is a difference in the presence of

the lateral intercondylar ridge and the lateral bifurcate

ridge between patients with acute and chronic ACL

injuries. We hypothesized that the ridges would be pres-

ent less often after chronic ACL deficiency. There was

good agreement on the presence of the lateral inter-

condylar ridge and moderate agreement on the presence

of the lateral bifurcate ridge. We found that the lateral

intercondylar ridge was present in 88% of the acute

patients and 88% of the chronic patients. The lateral

bifurcate ridge was present in 48% of the acute patients

and 48% of the chronic patients. To definitively conclude

that there is no difference in the presence of the ridges

between acute and chronic ACL injuries, more than 1000

subjects would be needed. We believe that such a small

difference would probably not be clinically significant.

The authors would suggest looking for the ridges as a

landmark of the native ACL insertion site during ACL

reconstruction in both acute and chronic ACL injuries.
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