COMPARATIVE MRI 3. STUDY

PURPOSE: Increased tibial slope is reported as a risk factor of non-contact anterior 6. cruciate ligament (ACL) injury, but the effect of the soft tissues on slope remains 7. unclear. The primary aims of this study were to compare the tibial bony and soft tissue 8. slopes between patients with and without ACL injury, and to investigate the 9. relationship between the meniscal slopes (MS) and the tibial bony slope. Our 10. hypothesis was that the menisci would correct the inclination of the bony tibial slope 11. towards the horizontal. 12. METHODS: Using Magnetic resonance imaging (MRI), the lateral & medial tibial slopes 13. (LTS, MTS) and lateral & medial meniscal slopes (LMS, MMS) were compared in 100 14. patients with isolated ACL injury and a control group of 100 patients with patello-15. femoral pain and an intact ACL. 16. RESULTS: Repeated measures analysis of variance showed good inter-& intra-observer 17. reliability for both bony and soft tissue slopes (ICC (0.88-0.93) and (0.78-0.91) for intra-18. & inter-observer reliability, respectively). The LTS & MTS were significantly greater in 19. the ACL injury group (10.4±3.1 & 9.4±3.3) than in the control group (7.3±3.4 &

39.

generate a higher anterior shear component of the tibio-femoral reaction force, 40. resulting in increased anterior motion of the tibia relative to the femur. Because the ACL 41.

is the primary restraint against this type of motion in the knee, it logically follows that 42. an increase in the posterior tibial slope will generate an increased load in the ACL. This 43. hypothesis was first noted by Butler in 1980 (4).

44.

Reliable 

70.

This study aims to evaluate the correlation between the tibial slope and non-71. contact ACL-injury using MRI, as well as to determine the effects of the menisci on 72. tibial slope.

73.

It was hypothesized that the meniscus would reduce the differences in slope 74. between the medial and lateral compartments of the same knee. In addition, it 75. was hypothesized that the presence of the meniscus would correct the 76. inclination of the bony tibial slope towards the horizontal.

77.

MATERIALS AND METHODS:

78 

  clinical measurements of posterior tibial slope are important for understanding

	62.	recommended to use conventional MRI scans of the knee, as they allow simple
	63.	assessment of each plateau separately, and provide the possibility to assess the MS
	64.	reliably (15), while methods using three-dimensional computed reconstructions are
	65.	time-consuming and complex (12).
	66.	The soft tissues (e.g. cartilage and meniscus) play a role in antero-posterior stability of
	45. 67.	ACL injury mechanisms. It is widely mentioned in the literature that ACL-injured the knee joint and may influence the functional tibial slope. The posterior
	46. 68.	individuals have a greater posterior tibial slope than healthy controls (20). horn of the menisci is thicker than the anterior horn, and this could decrease the
	47. 69.	It remains unclear whether the risk of non-contact ACL injury is increased in postero-inferior slope (19).
	48.	those with increased slope in one or both compartments, and individual analysis of the
	49.	compartments separately could be essential to understand the functional consequences
	50.	of tibial slope (21).
	51.	The medial and lateral PTS are not necessarily identical in one given knee and
	52.	differences of as much as 27˚ have been reported in cadaveric studies (16).
	53.	Various models for PTS measurement on conventional lateral radiographs have been
	54.	described, however it is still imprecise. Due to superimposition of the hemi-plateaus,
	55.	the lateral tibial plateau is difficult to identify, and separate assessment of the plateaus
	56.	is not reliably possible on lateral radiographs (16).
	57.	Previous studies have validated different modalities for measuring posterior tibial slope
	58.	(20). No significant difference exists between radiographs, computed tomography, and
	59.	

magnetic resonance imaging (MRI); recent work has focused on MRI (20, 29). Although 60. lateral radiographs are better to assess the medial PTS, they are inadequate for reliable 61. and separate PTS and meniscal slope (MS) assessment (16). Therefore, it is

-observer & inter-observer reliability: 140

  . The inter-observer ICC for all variants of the ACL group ranged 141. from 0.89 to 0.91 and for the control group from 0.87 to 0.90. Similarly, the 142. intra-observer ICC was high (0.88-0.93) which reveal strong agreement between 143. observers for all measurements.144. The means, standard deviations (SD) and ranges for the repeated measurements LTS, 145. MTS, LMS, and MMS for the examined and control groups are shown in the table (1).

	82. 126. The PTS and MS angles were reported as mean angles with standard deviations. a report detailing the status of the ACL. Exclusion criteria were osteoarthritis, patients
	83. 127. Data were statistically analyzed using SPSS for Windows statistical package with open physes or under the age of 18 years, MRI evidence of intra-articular
	84. 128. (version 11.5; SPSS, Chicago, IL, USA). The assumption of normality was assessed with pathology besides ACL tear, prior surgery to the involved knee, and those where the
	85. 129. Kolmogorov-Smirnov tests. Intra-observer & inter-observer reliability was tested by scanned length of the tibia was insufficient for calculation of the tibial axis.
	86. 130. means of Intra class Correlation Coefficient (ICC) to establish whether the mean slope Two groups of patients were thus established. The study group consisted of 100
	87. 131. was altered between repeated measurements of the two observers. patients (67 males & 33 females) with MRI confirmed isolated partial or complete
	88. 132. Independent two sample t-test was used to compare the four variants between the two rupture of the ACL. Patient age in this study group ranged from 18-63 (Mean ±SD,
	89. 133. groups. We calculated a sample size of 95 subjects was required, to achieve 90% power 33.7±10.8). The control group consisted of 100 patients whose major complaint was
	90. 134. to reject the null hypothesis (alpha = 0.0001). patello-femoral pain (52 males & 48 females), and whose MRIs revealed an intact ACL.
	91. 135. RESULTS: Patient age in this control group ranged from 18 -86 (Mean ±SD, 43.6±15.9).
	92.	MRIs were obtained from a single 1.5-T MRI scanner (manufacturer-supplied
	93.	quadrature head coil, Philips Medical Systems). Proton density sagittal slices were used
	94.	to measure the angles. All measurements of the bony tibial slope and meniscal slope
	95.	angles were carried out using the annotation tools on the PACS provided by the
	96.	hospital, which allows tracing of the anatomical landmarks, connecting regions of
	97.	interest, and measurements of different angles. We chose three sagittal images from
	98.	the corresponding axial cuts at the joint line for three different cut regions: the mid-
	99.	sagittal cut, which use for calculating the proximal tibial anatomic axis (PTAA) (Figs.
	. 100. 1&2), the mid-lateral tibial plateau cut (LTP) (Figs. 3, 4&5), and the mid-medial tibial All patients referred to the Croix-Rousse Hospital between 2012 and
	79. 101. plateau cut (MTP) (Figs. 6, 7&8). 2015 for consideration of knee interventions were eligible for
	80. 102. Two independent reviewers, blinded to subjects' details, calculated the angles on each inclusion in the study. The inclusion criteria were an MRI scan, with adequate quality
	81. 103. MRI using a modified Hashemi method described previously by Lustig et al (21). images available on the Picture Archiving and Communication (PACS) system and

136. The test of normality revealed that all measured parameters for both groups were 137. normally distributed (p < 0.0001). The data were initially analyzed for each reviewer 138. and then the parameters were compared between the two groups.

139. Intra146. For the ACL injury group, the LTS ranged from 1.9˚ to 15.8˚ and the MTS ranged