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Abstract

Purpose Variations in bony morphology have been

associated with anterior cruciate ligament (ACL) injury

risk. The primary aim of this study was to compare the

tibial slope in the teenage pediatric population with open

physes, with and without ACL injury. The secondary aims

were to compare the notch width index (NWI) and deter-

mine the influence of gender and age on tibial slope and

NWI.

Methods Thirty-nine teenage pediatric subjects were

included in this study, 16 with and 23 without ACL injury.

Medial tibial slope and lateral tibial slope and NWI as

measured on plain radiographs were compared between the

groups using an independent t-test. Comparison of tibial

slope and NWI was also performed between male and

female subjects. Pearson correlation coefficient between

age and tibial slope and NWI was calculated.

Results The medial tibial slope averaged 10.2 (±3.9)

degrees, the lateral tibial slope 11.5 (±3.9) degrees, and the

NWI 0.26. There was a significant difference in medial

tibial slope between the ACL-injured (12.1 degrees)

subjects and the controls (8.9 degrees) (P = 0.009). There

was no significant difference in lateral tibial slope or NWI

between the groups. There was no significant difference in

the medial tibial slope and lateral tibial slope and NWI

between the male and female subjects. Subject age was not

correlated with medial tibial slope and lateral tibial slope or

NWI.

Conclusion There was an increased medial tibial slope in

ACL-injured teenagers with open physes, when compared

to a control group of teenager with open physes without

ACL injury.

Keywords Posterior tibial slope � Notch width index �
Anterior cruciate ligament � ACL � Open physes �
Pediatric

Introduction

Variations in bony morphology have long been thought to

be associated with anterior cruciate ligament (ACL) injury

risk [13, 14, 18, 26]. On the femoral side, small inter-

condylar notch dimensions have been correlated with an

increased risk of ACL rupture [26]. Similarly, tibial bony

anatomy may have an effect on the ACL. The slope of the

proximal tibia averages approximately 10 degrees with a

variation of 3 degrees in the adult literature [7, 11, 12]. An

increase in tibial slope may predispose to ACL rupture.

Bony morphology may especially play a role in ACL

injuries in children [9]. However, the relationship between

tibial slope and ACL injury in this population has not been

studied. The primary aim of this study is to compare the

tibial slope in the teenage pediatric subjects with open

physes with and without ACL injury. We hypothesized an
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increased tibial slope in the subjects with ACL injury. The

secondary aims were to compare the notch width index

(NWI) between pediatrics subjects with open physes with

and without ACL injury; to evaluate the influence of gen-

der and age on tibial slope and NWI; and to evaluate the

reliability of measuring tibial slope and NWI on plain

radiographs in pediatric subjects.

Materials and methods

Between January 2002 and January 2009, all teenage

pediatric subjects undergoing ACL reconstruction were

included in this study. Inclusion criteria were open physes,

lateral and anterior–posterior radiographs of the knee

of good quality, presence of an ACL tear as appreciated

on magnetic resonance imaging (MRI), and/ or observed

during surgery. Subjects with closed physes and evidence

of knee morphological abnormalities were excluded.

A control group was retrospectively selected from teenage

pediatric subjects with open physes of similar age and

gender with anterior–posterior and lateral radiographs of

the knee of good quality, without presence of an ACL tear

as confirmed on MRI. Retrospective selection of the con-

trol group was essential to ensure subjects did not suffer an

ACL injury before their physes were closed. Subjects with

closed physes were excluded.

From the included subjects, lateral and anterior–pos-

terior radiographs of the knee were collected, and their

age and gender were recorded. Two independent blinded

observers measured the medial tibial slope and lateral

tibial slope on the lateral radiographs, using the technique

by Brandon et al. [3]. This technique considers the pos-

terior tibial slope as 90 degrees subtracted by the angle

formed by the tibial plateau and the longitudinal axis of

the tibia. This longitudinal axis has been described as the

line formed by two points along the proximal aspect of

the tibia. The first point is at the midpoint between

anterior and posterior cortex at the level of the tibial

tubercle, and the second point is at the same midpoint five

centimeters distal to the tubercle. The line joining these

points describes the longitudinal axis of the tibia (Fig. 1).

The tibial slope was determined on both the medial side

(medial tibial slope) and the lateral side (lateral tibial

slope). Measurement of tibial slope on radiographs has

been shown to have an accuracy of approximately one

degree [11]. Two independent observers subsequently

measured the NWI on the anterior–posterior radiographs,

according to the method by Souryal et al. [27]. The

observers were blinded to the subjects’ medical history.

Institutional review board approval was obtained for this

study.

Statistical analysis

The data were analyzed with PASW Statistics (version

17.0, SPSS Inc., Chicago, IL). The measurements of the

first observer were used for statistical analysis of the

results. The ratio, mean, range, and standard deviation of

the gender and age of all included subjects were calculated.

An independent t-test was performed to assess whether the

ACL-injured and control group had comparative baseline

characteristics. An independent t-test was also used to

determine the difference in medial tibial slope, lateral tibial

slope, and NWI between male and female subjects and

between ACL-injured and control subjects. The Pearson

correlation coefficient was calculated to determine the

correlation between the medial tibial slope, lateral tibial

slope, and NWI; and subject age. The a priori alpha level

for statistical significance was set at P \ 0.05. Lastly, the

intra-class correlation coefficient (ICC) was calculated to

determine inter-observer reliability for the medial tibial

slope, lateral tibial slope, and NWI. Before conducting this

study, a sample size calculation was performed. An aver-

age PTS of 10 degrees was assumed, and a difference equal

to or exceeding the variation reported in literature (3

degrees) was thought to be clinically relevant. This sample

size analysis revealed that a total of 16 subjects were

Fig. 1 The medial tibial slope is determined by subtracting the angle

shown in the above figure from 90 degrees. The long axis of the tibia

is determined drawing a line defined by two points; one midway

between the anterior and posterior border of the tibia at the level of

the tibial tubercle and the other 5 cm distal to the tubercle
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needed in both the ACL-injured and the control group to

obtain a power of 80%.

Results

Thirty-nine subjects were included in this study, 16 with and

23 without ACL injury. Fifty-five percent were men and

45% women, with an average age of 15 year (189 months),

ranging from 12 to 17 years (151–215 months). There was a

baseline difference in age between the ACL-injured and the

control group, with a higher age in the ACL-injured group

(196 vs. 173 months, respectively, P = 0.02).

The mean, range, and standard deviation of the medial

tibial slope and lateral tibial slope and notch width index

are displayed in Table 1 (Fig. 2). The medial tibial slope

among all 39 subjects averaged 10.2 degrees and the lateral

tibial slope 11.5 degrees. There was a significant difference

in medial tibial slope between the ACL-injured subjects

and the controls (P = 0.009). The average medial tibial

slope of the ACL-injured subjects was 12.1 degrees

(standard deviation 3.3 degrees), whereas it averaged 8.9

degrees (standard deviation 3.8 degrees) for the control

group. There was no significant difference in lateral tibial

slope or NWI between the groups. There was no significant

difference in the medial tibial slope and lateral tibial slope

and NWI between the male and female subjects. Subject

age was not correlated with medial tibial slope and lateral

tibial slope of NWI.

The intra-class correlation coefficient for the medial

tibial slope, lateral tibial slope, and NWI were 0.962,

0.972, and 0.958, respectively. The corresponding 95%

confidence intervals are displayed in Table 2.

Discussion

The most important finding of the present study was that

there is a significantly increased medial tibial slope in

teenaged pediatric subjects with open physes with ACL

injuries, when compared to subjects with open physes

without ACL injury. These results correspond with existing

research involving the adult population [3]. The primary

aim of this study was to determine whether there was

relationship between the tibial slope and ACL injury. The

hypothesis was that an increased tibial slope is associated

with ACL injury in the teenage population, which was

affirmed. This association may be based on the biome-

chanical changes associated with a change in the knee bony

morphology. Dejour et al. [7] showed every 10 degree

increase in posterior inclination of the tibial plateau was

associated with a 6-mm increase in anterior tibial transla-

tion and a 3-mm increase in the Lachman test. The results

of this prospective clinical study were confirmed by a

controlled laboratory study in which cadaveric knee

underwent osteotomy to simulate an increase in tibial slope

[12]. The authors found this moved the resting position of

the tibia on average 3.6 mm more anterior with respect to

the femur [12]. The increase in anterior–posterior transla-

tion in the knee, caused by the increased tibial slope, may

predispose the teenage population in our study to ACL

injuries. Indeed, Giffin et al. [12] recommended in their

paper that ACL-deficient subjects may benefit from a

reverse osteotomy, decreasing the tibial slope. The findings

Table 1 Tibial slope and notch measurements of the 39 included

subjects

Mean SD Min Max

Medial tibial slope (�) 10 3.9 0 19

Lateral tibial slope (�) 11 3.9 2 20

NWI 0.26 0.05 0.13 0.37

NWI Notch width index, SD Standard deviation, Min Minimal value,

Max Maximal value

Fig. 2 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

Table 2 Inter-class correlation coefficient of the medial tibial slope,

lateral tibial slope, and NWI, as measured on plain radiographs

Medial tibial slope 0.962 (0.827–0.990)

Lateral tibial slope 0.972 (0.903–0.992)

Notch width index (NWI) 0.958 (0.847–0.989)

95% CI 95% confidence interval
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of the present study and previous studies are important to

serve as a basis for more sophisticated biomechanical

studies to assess the strain on the ACL with simulated

weight bearing in varying degrees of posterior slope.

Subjects with an increased tibial slope who are participat-

ing in high-risk activities should perhaps consider pro-

phylactic precautions. This could include education on the

increased risk for ACL rupture, as well as injury prevention

training.

The current study showed no significant difference in

lateral tibial slope between the ACL-injured and control

group. This was different from the results of a similar

studies in adults, which found an increase in lateral tibial

slope in ACL-injured subjects, compared to controls

[25, 28]. That the present study found a difference in

medial, but not in lateral tibial slope, could be because the

medial tibial slope has a closer approximation to the tibial

AM bundle insertion site, therefore increasing its influence

on anterior–posterior translation, when compared to the

lateral tibial slope [5, 10, 33]. The average tibial slope was

similar to previous studies in adult literature [7, 11, 12]. In

addition to what has been described in existing literature,

the present study measured the tibial slope for both the

medial and the lateral side.

One of the secondary aims was to compare the NWI

between teenage pediatrics subjects with and without ACL

injury. This study showed no significant difference

between the ACL-injured and control group. The femoral

intercondylar notch has long been thought to be associated

with ACL rupture risk. Chondrocytes have been found on

the ACL surface, showing contact between the ACL and

the notch [23, 24]. Multiple studies in the adult literature

demonstrate a relationship between certain notch dimen-

sions and the incidence of ACL rupture [2, 15, 17–19, 21,

26], while other studies do not show a relationship [16,

20]. NWI is one of the most frequently used methods to

measure notch size. However, although it has been shown

to be highly reliable [31], it may not be very accurate [1],

possibly accounting for the discrepancy of results in

existing literature. Furthermore, it has been shown that the

NWI does not correlate with the overall notch volume

[31]. Other dimensions than just the notch outlet, such as

notch volume and notch shape [32], may be associated

with ACL injury risk, requiring three-dimensional eval-

uation.

This study also aimed to evaluate the influence of age on

the tibial and femoral bony morphology. There was no

correlation between age and medial tibial slope or lateral

tibial slope and NWI. This was as expected, as it was

hypothesized that these variations in bony morphology are

congenital rather than developed, therefore predisposing to

ACL injury. There was no significant difference in the

medial tibial slope, lateral tibial slope, and NWI between

male and female subjects. We hypothesized there may be a

difference in bony morphology between genders, since it

has been shown by multiple studies that women have a

greater propensity for ACL injury compared to their male

counterparts [4, 6, 8, 22, 30]. It has been suggested that a

possible risk factor for this observation is that women have

a narrower notch than men and even smaller ACLs [4, 29,

32]. However, the present study did not demonstrate such a

difference for the studied teenage pediatric population with

open physes.

The last aim was to test the reliability of measuring

medial tibial slope, lateral tibial slope, and NWI on lateral

and anterior–posterior plain radiographs of the knee. The

intra-class correlation coefficient for inter-observer reli-

ability for all measurements was well above 0.9, proving

the methods highly reliable. This validated using the

measurements of the first observer for statistical analysis of

the data.

Limitations of the present study mostly involve those

associated with measurements on plain radiographs

described earlier. Although our measurements of tibial

slope and notch width proved highly reliable, accuracy may

be influenced by slight variation in rotation and angulation

[1, 18]. Sample size calculation before the start of this

study determined a total of 32 subjects would be sufficient

to show statistically significant results. Our study included

39 subjects. We aimed to include more subjects, which was

not possible due to our high demands for the quality of the

radiographs in combination with the lower number of ACL

ruptures in the pediatric population when compared to the

adult population. Another limitation was that there was a

baseline difference in age between the ACL-injured and the

control group, with the control group being slightly older.

However, our study showed no correlation between age

and the various measured parameters of bony morphology.

It needs to be noted that the precise age of some of the

subjects was unknown and therefore the aforementioned

correlation calculation only involved those subjects whose

precise age (in months) was known. The control group was

a group of subjects who had undergone radiographs and an

MRI of the knee for various ‘‘knee pain’’ reasons and other

than ACL injury. They were not a homogenous group with

a single diagnosis nor were they the perfect control group,

composed of healthy subjects on whom radiographs were

deliberately taken for control purposes. The latter was not

sought for patient safely purposes in attempt to avoid

radiation exposure in the growing pediatric subjects.

Lastly, this study assessed subjects retrospectively that had

suffered an ACL injury during their teenage years in which

their physes were still open, and control subject of whom it

was validated they did not suffer an ACL injury in this time

frame. However, this last group may still go on to injure

their ACL in subsequent years.
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Conclusion

In conclusion, the present study aimed to compare tibial

slope between teenage subjects with open physes with ACL

injury and those without ACL injury. There was a signifi-

cantly higher medial tibial slope in ACL-injured subjects.

There was no difference in lateral tibial slope, or NWI. Age

was not correlated with tibial slope or NWI and neither was

gender. Measuring medial tibial slope and lateral tibial

slope on lateral radiographs and NWI on anterior–posterior

radiographs proved highly reliable.
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