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Abstract

:

Featured Application


Osseous landmarks are of great importance in the anatomical placement of the graft in ACL reconstruction. Differentiating which of them are more reliable than others thus improves surgical procedures.




Abstract


During knee arthroscopy, easy orientation is important, and possible landmarks include the lateral intercondylar ridge (LIR) and the lateral bifurcate ridge (LBR). The objective was to show the feasibility of the LIR and the LBR as landmarks of the femoral attachment of the anterior cruciate ligament (ACL) among subjects with different levels of training. Thirty-six formalin-phenol-fixed lower extremities were acquired for this prospective macroscopic anatomical study. All soft tissue apart from the ligaments was removed. The two bundles of the ACL and their origins were identified, marked and photographed. Photographs were taken in an arthroscopic setting. An orthopedic surgeon, an anatomist and a medical student identified the ridges. The LIR existed in 80.6% of samples, while the LBR existed in 13.8% of samples. A significant difference existed between the raters in correctly identifying the LIR (p < 0.01). Due to its high frequency, the LIR seems more reliable than the LBR, especially as the LBR has the potential for false positive identification. Nevertheless, as these ridges are not easily discernible, the surgeon has to know the anatomy of the intercondylar notch perfectly to stand even a small chance of correctly placing drill holes in ACL reconstruction. New guidelines for more easily recognizing LIR and LBR arthroscopically are proposed.
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1. Introduction


Osseous landmarks are very important for the correct positioning of the drill holes in the reconstruction of the anterior cruciate ligament (ACL). The most frequent mistake in ACL reconstruction is the incorrect placement of the femoral tunnel, which then can lead to dysfunction or instability of the joint [1,2,3,4].



Two osseous landmarks have been reported frequently in the literature: the lateral intercondylar ridge (LIR), also called the “resident’s ridge”, a term introduced by William Clancy Jr., and the lateral bifurcate ridge (LBR) (see Figure 1). The LIR has been described as the anterior border of the ACL [5,6,7,8], whereas Ferretti et al. [5] showed the LBR to be the border between the two bundles of the ACL, the anteromedial (AM) and posterolateral (PL) bundle [9,10,11,12,13,14,15,16].



The LIR, as the anterior border of the ACL footprint in 90° knee flexion, is a very important tool for the correct positioning of the graft in single-bundle reconstruction [8,17]. With this reconstruction, most of the function of the AM bundle is restored [18], but the rotational stability of the knee is reduced [19,20]. The reconstruction method said to be more anatomical is the double-bundle technique, aiming to repair the two bundles of the ACL through individual placement of the graft at the respective osseous insertion. In this, the LBR thus represents an important landmark [21]. This procedure aims for a more stable and anatomically correct reconstruction, but is combined with a rather more complicated surgical procedure [21]. Even more complicated are revisions of double-bundle ACL reconstructions, as an additional set of tunnels have to be added to the already existing two femoral and tibial tunnels [22,23].



As the two bundles of the ACL cannot be discerned macroscopically with certainty without functional tests, we are especially in need of a reliable landmark for the correct positioning of the femoral tunnels. The LIR was overall found in 85 to 100% [5,8,13,16,17,24,25], and therefore was deemed as a reliable osseous landmark for arthroscopic ACL reconstruction. In contrast, reports of the frequency of the LBR vary substantially, ranging from 15 to 90% [5,13,16,24,26]. This would suggest that the LBR is highly variable, probably depending both on the study population and the investigators, and therefore is not a secure point of orientation during surgery.



In reviewing the available existing literature, the abovementioned large range of incidence of the two osseous ridges was noted. Of course, there are several possible explanations for this, such as anatomical variability, study design or the kind of specimens and mode of dissection in anatomical studies. However, the question also arose as to whether the experience of the investigator could influence the correct identification of the LIR and the LBR.



Therefore, the hypothesis for this study was that the correct identification of the two relevant ridges at the femoral insertion of the ACL correlates with the experience of the investigator and is therefore a tool for orientation during knee arthroscopy for experienced knee surgeons, and not for beginners.




2. Materials and Methods


2.1. Specimens


Thirty-six formaldehyde-phenol-fixed non-paired lower extremities (left = 15 (41.7%), right = 21 (58.3%)) were obtained from voluntary body donations to the Division of Anatomy, Center for Anatomy and Cell Biology of the Medical University of Vienna. Sample size depended on the availability of the specimens and the inclusion criteria. Specimens showing osteophytes extending into the notch, a damaged or nonexistent ACL, or signs of prior surgical procedures at the knee joint were not included.



The age of the specimens was on average 69.3 ± 9.5 years—16 lower extremities originated from male specimens (7 left and 9 right) and 20 lower extremities (8 left, 12 right) originated from female specimens.



An ethical approval for this study was obtained from the ethics committee of the Medical University of Vienna according to the declaration of Helsinki (EK Nr 1300/2013).




2.2. Photographic Setting and Specimen Preparation


First, all extraarticular soft tissue of the 36 specimens was removed and the knee joint was exposed. The ACL was located and divided in its two functional bundles (AM- and PL-bundle) by evaluating their differing tautness during knee movement [27,28]. Afterwards, the ACL was cautiously removed to expose its bony insertion site. The origin of the two bundles was documented photographically using a standard reflex camera (Nikon Corporation, Tokio, Japan; Type D300s, lens: AF-S DX NIKKOR 18–200 mm 1:3.5–5. G IF-ED VR) (see Figure 2).



Then, photographs from an arthroscopic view of the bare intercondylar region were taken in a standardized setting (see Figure 3). Photographs were taken using a commonly available reflex camera (Nikon Corporation, Tokio, Japan; Type D300s) and a custom-made adaptor for arthroscopes. The camera was mounted on a Manfrotto (Cassola, Italy) 190XPROB-tripod with an 804RC2 three-way head. The camera was aligned horizontally with the help of a bubble level attached to the tripod. To simulate the conditions during knee joint arthroscopy, a standard arthroscope (Arthrex, Wiener Neustadt, Austria; 4 mm, 30°) was connected via the custom-made adaptor to the camera lens. The specimens were secured horizontally using a bench vice on a table. The arthroscope was exactly positioned in the same level as the intercondylar notch, imitating a 90° flexion of the knee, as is standard during arthroscopy, and simulating the view into the knee joint via the anterolateral portal [29].



The position of the bench vice as well as the position of the camera and its tripod were marked on the table and on the ground, respectively. Thus, the same recording conditions were guaranteed for each picture. The picture of each knee was pasted on a DIN A4 page (36 photo series) and then printed on high-quality photo paper (see Figure 4).




2.3. Identification of the Ridges as Control


First, the LIR and LBR, if identifiable, were marked on each of the 36 knee photo series in dual control. These markings were then verified with the help of the actual anatomical specimen.



The following variables were evaluated to create the standard for the evaluation: the absolute and the relative frequency of the LIR and LBR, the angle between the LIR and the image horizontal, and the angle between the LBR and the image horizontal.



The two angles were used as a decision guide to decide whether the ridges were correctly marked in the photographs or not.




2.4. Evaluation


A medical student, an anatomist and an orthopedic surgeon were then asked to mark both ridges, if identifiable, on the photographs. Those three subjects had the following experience level:




	
Medical student (6th year): Anatomical tutor experienced in general macroscopic anatomy, who was given a short introduction regarding the existence and location of the two ridges.



	
Anatomist: Research focus is on bone and joint anatomy, has some in-depth knowledge of the ridges but minor experience in arthroscopy.



	
Orthopedic surgeon: Specialized in knee arthroscopy with a focus on ACL reconstruction, high level of surgical experience.








To compare the three different experience levels, each subject was given 54 knee photo series. This included one set of all 36 specimens and one set of 18 randomly chosen specimens which were shown twice to test the intra-rater reliability.



The frequency of the correctly marked, incorrectly marked and non-marked photo series among the three subjects was evaluated and then compared with one another.




2.5. Statistical Analysis


Statistical analysis was performed using SPSS Statistics Version 21.0.0.0 (IBM). First, descriptive statistical analysis was conducted. For all metric variables, mean and standard deviation were documented. The McNemar test was used for the comparison of paired nonparametric data. Due to three comparisons for each data record, a Bonferroni correction was applied, setting the level of significance at p < 0.017.




2.6. Intra-Rater Reliability


To verify intra-rater reliability, the individual subjects’ results for the twice shown photo series were compared using Brennan and Prediger’s kappa-coefficient [30]. According to the definition of Landis and Koch [31], kappa values were interpreted as follows: 0.81–1.00 showed very good agreement, 0.61–0.80 represented good agreement, 0.41–0.60 indicated moderate agreement, 0.21–0.40 suggested fair agreement and below 0.20 represented poor agreement.





3. Results


3.1. Control Data


In the 36 specimens, the LIR existed in 29 (80.6%) and the LBR existed in 7 (13.9%) of all specimens.



To differentiate between the correct and incorrect ridge markings of the three subjects, the angles of the ridges were measured in the respective arthroscopic perspectives. The angle between the LIR and the image horizontal was 45.12 ± 11.03°. The angle between the LBR and the image horizontal was 94 ± 8.49° (Figure 5).




3.2. Comparison of the Subjects


With the help of the prior defined angles of the ridges, the subjects’ correct markings were then identified. The angles between the LIR/LBR and the image horizontal in the subjects’ series had to be within the standard deviation of the angles in the dual control group. The results of the evaluation of correct, incorrect and unmarked ridges are represented in Table 1.



The frequency of correct LIR markings and the frequency of incorrect LBR markings were then compared between the medical student, the anatomist and the orthopedic surgeon. The differences between the medical student’s correct LIR markings and the correct LIR marks of the anatomist as well as these of the orthopedic surgeon were highly significant (p < 0.01). Meanwhile, the difference between the orthopedic surgeon’s correct LIR markings and the anatomist’s correct LIR markings was not significant (p = 0.05). Regarding the incorrect LBR markings, there was a significant difference between the orthopedic surgeon and the anatomist, as well as the medical student (p < 0.01). No significant difference could be found between the anatomist’s and the medical student’s incorrect LBR markings.




3.3. Intra-Rater Reliability


To specify the agreement among the individual subjects’ results of the twice shown photo series, Brennan and Prediger’s kappa-coefficient was applied. The kappa value regarding the medical student was 0.583, indicating moderate agreement, the kappa value regarding the anatomist was 0.63, indicating good agreement, and the kappa value concerning the orthopedic surgeon was 0.917, indicating very good agreement.





4. Discussion


This study clearly shows the feasibility of the use of LIR and LBR as osseous landmarks for ACL reconstruction. Additionally, it points out the strong correlation of correctly identifying these landmarks with the level of experience of the investigators, verifying the primary hypothesis of this study.



With a prevalence of 13.9% in the dual control group and low percentages (<10%) of correct LBR markings among the three subjects, the LBR cannot be used as a reliable landmark during knee joint arthroscopy. Meanwhile, the LIR, with a prevalence of 80.6% in the dual control group and high percentages (>70%) for the anatomist and the orthopedic surgeon, can be used as a reliable landmark for the arthroscopic reconstruction of the ACL. Additionally, with the false positive rate of 58.3% for the experienced orthopedic surgeon, this study points out the problem of an expectance of the LBR based on its reported high frequency in the literature (see Table 2).



Furthermore, based on the results of this study, the authors propose a guideline for correctly identifying the LIR and LBR if present: in a 90° flexed knee, with a 30°-arthroscopic view of the medial wall of the lateral femoral condyle, the angulation of the LIR to the horizon of the camera is approximately 45° (45.12 ± 11.03°) and that of the LBR is 90° (94.0 ± 8.49) (Figure 4).



Ferretti et al. [5] described the LBR for the first time. They demonstrated a high prevalence (>80%) of the LBR in their findings, so they suggested that it can be used as a reliable landmark during arthroscopy. The LIR was found in nearly 100% of all specimens. In a macroscopic anatomical study by Ziegler et al. [16], the LIR was detected in all specimens. The LBR could be found in 80% of all specimens. Zauleck et al. [24] investigated a large number of cases in their study. The overall prevalence of the LIR was 94%, whereas the prevalence of the LBR was just 21.4%. Additionally, Norman et al. [34] showed in their study some different values. They were the first to use Micro-CT scanning and surface extraction to objectively evaluate the existence of the LIR and the LBR in the femoral footprint of the ACL. Although they had a very low sample size (n = 7), they showed in the quantitative analysis a frequency of 57% of the LIR and 29% of the LBR. In the qualitative analysis, the respective frequency was 86% and 14%. Additionally, Li et al. [25] reported a frequency of the LIR in their computed tomography study of 87.5%. The results of 80.6% for the LIR and especially 13.9% for the LBR in this study are therefore more in line with the data of Zauleck et al. [24] and Norman et al. [34] than with the other previous studies (see Table 2).



This study is also the first one to put the quantitative data of the ridges’ frequency in the context of different experience levels in applied knee anatomy.



As the LIR is present in over 80% of the cases, this ridge is the perfect tool to point out a possible difference between the three experience levels investigated in this study. The results show that there was a significant difference in correct identifications of the LIR between the medical student and the anatomist and the orthopedic surgeon (p < 0.01). The medical student, despite having sufficient anatomical knowledge, has a lack of experience concerning the detailed anatomy of the intercondylar notch and knee joint arthroscopy. This made it more difficult for them to find the LIR on the pictures. The anatomist and orthopedic surgeon both had an equal number of correct markings, suggesting that the identification of the LIR and therefore its feasibility as a landmark in arthroscopic reconstruction of the ACL requires profound anatomical knowledge of the intercondylar notch, but does not depend on experience in arthroscopic knee surgery.



This is especially important, as the LIR is used to identify the anterior border of the femoral osseous insertion of the ACL. In reconstruction, the femoral tunnel has to be positioned posterior to this landmark to result in adequate postoperative joint biomechanics [35,36,37,38,39,40,41,42,43,44]. If it were positioned anterior of the LIR, and thus in a non-anatomical location, the result would be a biomechanically unstable knee [45]. As this incorrect positioning of the femoral tunnel most frequently happens in inexperienced surgeons, it was also called the “resident’s ridge” by William Clancy Jr. [5,6,7,46]. This terminology also exactly reflects the results presented in this study: profound anatomical knowledge of the intercondylar notch is important for correct tunnel placement.



The results of the markings of the LBR presented another interesting finding. Here, the overall frequency reported in newer studies [24] is lower than the LIR (less than 25%). Additionally, the low number of correct markings of the LBR made a statistical comparison between the three investigators impossible. However, the prevalence of incorrect LBR markings differed significantly between the orthopedic surgeon and the medical student and the anatomist. The orthopedic surgeon incorrectly marked the LBR in 58.3% of all cases. The subject with the greatest expertise had the highest prevalence of incorrect LBR markings. This result shows that a high experience level in combination with the knowledge of the high detectability of the LBR in previous studies could cause a subject to detect the LBR more often. This could perhaps also be the reason for the high number of LBR findings in previous studies [5,13,16,26].



The kappa-coefficients of the intra-rater reliability tests among the three subjects indicate a good repeatability of finding the LIR and LBR. Here, the experience level had an important influence on the intra-rater reliability. The most experienced subject, the orthopedic surgeon, was the one with the highest kappa-coefficient (κ = 0.917). Here, the high number of arthroscopic procedures performed by the orthopedic surgeon clearly had an impact on the high repeatability. Improving the surgical performance of residents and increasing their skills through options like training in a laboratory setting with anatomical specimens have to be considered [47]



This study is one of the very few evaluating the identification of the osseous ridges in different subjects and focuses on different experience levels, which therefore defines the main strength of the study. Norman et al. [34] showed the evaluation of the LIR and LBR by ten clinicians (eight orthopedic surgeons and two musculoskeletal radiologists), resulting in similar findings as presented above. The clinicians were overall more comfortable identifying the LIR than the LBR [34].



The low prevalence and the great difference in the detectability of the LBR in this study and also in previous studies [24,34] show that it should not be used as a reliable landmark during knee joint arthroscopy. If one needs to identify the border between the two bundles of the ACL, one should instead follow the suggestions of Zantop and Petersen [21] and Petersen [48], who recommend the intersection of the intercondylar line and the osteochondral border as a landmark to subdivide the footprint of the ACL into the attachment areas of the two functional bundles.



Finally, the authors were able to propose a new guideline for correctly identifying the LIR and LBR during arthroscopy at approximately 45° (45.12 ± 11.03°) for the LIR and 90° (94.0 ± 8.49) for the LBR in relation to the horizontal plane (Figure 4), which may improve femoral tunnel placement in ACL reconstruction, especially for surgeons in training.



This proposed guideline is the first in recent research based on the angulation of the ridges to the horizontal plane of the camera during arthroscopy, which characterizes these guidelines as more easily practicable intraoperatively. Although several authors describe the angle of the ridges to the anatomical axis of the femur [24,49,50] and to the roof of the intercondylar notch [32], this information seems to only be informative for anatomical description of the landmarks, and not for application during surgery.



Limitations


The hypothesis for this study was that the correct identification correlates with the experience of the investigator. To answer this question, the number of specimens used in this study was deemed sufficient, especially as the prevalence of the two ridges has already been reported adequately in a large number of specimens [24] and the number of specimens was limited by their availability and the inclusion criteria. As the age in anatomical specimens is on average higher, a large number of specimens could not be included due to degenerative changes to the knee joint.



Additionally, the rather high mean age of the specimens could be questioned, particularly when following the argumentation of Ferretti et al. [26], who showed a high number of LBRs in fetal lower extremities and hypothesized the possibility that the LBR is lost during aging. If, however, this argumentation were true, we would expect an equally diminished number of LBRs and LIRs in the specimen. As in this study the LIR was present in 80.6% of sample, we argue that this line of argumentation [9,26] is highly questionable. Based on the reported existence of LIR and LBR, aging seems not to be the most influential factor.



In contrast to the study of Zauleck et al. [24], where the low detectability of the LBR was shown on the basis of macroscopic photos from the intercondylar notch, in this study, the intercondylar notch was photographed from an arthroscopic perspective, with similar results.



The photographic setting in this study could also be questioned. Using a reflex camera with a custom-made adaptor to attach the arthroscope in place of an arthroscopic camera does not reflect circumstances in a clinical setting, and therefore could also challenge the applicability of the results presented in this study. However, to achieve standardized photographs which guaranteed the same position in each specimen, the authors decided in favor of the combination of a reflex camera and tripod to minimize this bias in the photographic setting.



Regarding the comparison of the different experience levels, the low number of investigators could be seen as a limiting factor. In addition, one important group, orthopedic residents, was missing. However, this group would be very difficult to rate, as the experience level varies widely regarding the different levels of qualification and experience in arthroscopy.



Furthermore, the knowledge of the existence of the LIR and LBR, as we were able to show in this study, may bias the results. Therefore, the bony ridges were located in a dual control step with the help of the anatomical specimens, which reduced falsification.





5. Conclusions


In this study, the LIR existed in 80.6% of all cases, and it therefore can be used as a reliable landmark for the placement of the femoral tunnel in arthroscopic ACL reconstruction. This result concurs with recent research. The LBR was only present in 13.9% of all cases, and therefore its secure use as a tool for identifying the border between the two bundles of the ACL during arthroscopy is highly questionable. For correct identification of all the osseous landmarks of the intercondylar region, adequate anatomical knowledge thereof is of great importance, and looking at the large difference between the medical student and the other investigators, this is made especially clear. Another interesting finding was the high number of incorrect markings provided by the orthopedic surgeon in identifying the LBR. Here, the high expectance of its existence as reported in the literature, for example by Ferretti et al. [5] and Ziegler et al. [16], could be a reason for this. The clinical significance of the LBR, even though it sometimes exists, therefore needs discussion. By introducing the guidelines for correctly identifying the LIR (45°) and LBR (90°), the surgeon should be able to recognize these osseous ridges more easily if present.
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Figure 1. Schematic drawing of the medial wall of the lateral femoral condyle. The osseous insertion of the anteromedial bundle is depicted in orange, and the osseous insertion of the posterolateral bundle is depicted in green. The lateral intercondylar ridge (LIR) is depicted in blue as anterior border of the ACL, while the lateral bifurcate ridge (LBR) is depicted in red as a border between the two bundles. 
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Figure 2. Macroscopic view of the lateral femoral condyle. The osseous attachment of the ACL was mapped in the photograph. (A) Left femur. (B) Right femur. Scale represents 1 cm. 
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Figure 3. Photographic setting. The camera was mounted on a tripod, via a custom-made adapter, and a 30° 4 mm arthroscope was connected. An arthroscopic light source provided adequate illumination. The specimen was fixed in a vice. 
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Figure 4. Arthroscopic view of the lateral femoral condyle. (A,B) are the same specimen as in Figure 2. (A′,B′) show the same photograph with the LIR marked after evaluation. In these specimens, no LBR was identified. (C) shows an additional specimen with an LBR present. (C′) shows the same photograph with its LIR and LBR marked after evaluation. 
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Figure 5. Approximation of the angulation of the ridges towards the horizon of the camera with the knee at 90° and a 30° arthroscope. (A) shows the summary of the results, (B) displays an exemplary specimen with osseous ACL origin and LIR marked. 
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Table 1. Interpretation of the three subjects’ results. The 36 photo-series are divided into 3 groups: the frequency of correctly and incorrectly marked pictures, as well as the frequency of unmarked pictures, concerning the LIR and the LBR.
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LIR (%)

	
LBR (%)




	
Correct

	
Unmarked

	
Incorrect

	
Correct

	
Unmarked

	
Incorrect






	
Medical student

	
19.4 *

	
47.2 *

	
33.4

	
0

	
83.3

	
16.7




	
Anatomist

	
72.2

	
13.9

	
13.9

	
5.6

	
75

	
19.4




	
Orthopedic surgeon

	
77.8

	
2.8

	
19.4

	
8.4

	
33.3

	
58.3 *








* p < 0.017.
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Table 2. Overview of the existence of LIR and LBR reported in the literature.
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	n
	LIR (%)
	LBR (%)
	Material





	Ferretti et al. [5]
	7
	-
	85.7
	Fetus



	
	60
	100.0
	81.7
	Arthroscopic



	
	16
	100.0
	81.6
	Anatomical specimens



	Van Eck et al. [13]
	50
	88.0
	48.0
	Arthroscopic



	Ziegler et al. [16]
	26
	100.0
	92.3
	Anatomical specimens



	Zauleck et al. [24]
	166
	97.6
	24.7
	Bones



	
	69
	85.3
	13.2
	Anatomical specimens



	Tsukada et al. [32]
	318
	94.0
	-
	Bones



	Norman et al. [33]
	7
	57.0
	29.0
	Anatomical specimens



	Li et al. [25]
	89
	87.5%
	-
	Patients



	This study
	36
	80.6
	13.8
	Anatomical specimens
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