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ABSTRACT 

Purpose: To evaluate the in vivo anisometry and strain of theoretical anterior cruciate 
ligament (ACL) grafts in the healthy knee using various socket locations on both the femur 
and tibia.  

Methods: Eighteen healthy knees were imaged using magnetic resonance imaging and dual 
fluoroscopic imaging techniques during a step-up and sit-to-stand motion. The anisometry 
of the medial aspect of the lateral femoral condyle was mapped using 144 theoretical socket 
positions connected to an anteromedial, central, and posterolateral attachment site on the 
tibia. The 3-dimensional wrapping paths of each theoretical graft were measured. 
Comparisons were made between the anatomic, over the top (OTT), and most isometric 
(isometric) femoral socket locations, as well as between tibial insertions.  

Results: The area of least anisometry was found in the proximal-distal direction just 
posterior to the intercondylar notch. The most isometric attachment site was found midway 
on the Blumensaat line with approximately 2% and 6% strain during the step-up and sit-to-
stand motion, respectively. Posterior femoral attachments resulted in decreased graft 
lengths with increasing flexion angles, whereas anterodistal attachments yielded increased 
lengths with increasing flexion angles. The anisometry of the anatomic, OTT and isometric 
grafts varied between tibial insertions (P < .001). The anatomic graft was significantly more 
anisometric than the OTT and isometric graft at deeper flexion angles (P < .001). 

Conclusions: An area of least anisometry was found in the proximal-distal direction just 
posterior to the intercondylar notch. ACL reconstruction at the isometric and OTT location 
resulted in nonanatomic graft behavior, which could overconstrain the knee at deeper 
flexion angles. Tibial location significantly affected graft strains for the anatomic, OTT, 
and isometric socket location.  

Clinical Relevance: This study improves the knowledge on ACL anisometry and strain and 
helps surgeons to better understand the consequences of socket positioning during intra-
articular ACL reconstruction. 
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INTRODUCTION 

Socket positioning is one of the most critical steps in successful anterior cruciate ligament 
(ACL) reconstruction. ACL socket locations yielding less favorable graft behavior could 
lead to permanent graft stretch and graft failure. Data from the Swedish ACL registry27 

showed that more complete anatomic reconstruction reduces the risk for revision surgery. 
In addition, the importance of anatomic graft placement for the longevity of articular 
cartilage was recently emphasized by DeFrate, demonstrating how knees with grafts that 
more closely restored normal ACL function, and thus knee kinematics, experienced less 
focal cartilage thinning than did those that experienced abnormal knee motion.2 

Over the last decade, a transition has taken place encouraging more anatomic placement of 
the femoral socket. Consequently, the classical transtibial femoral drilling technique, which 
aims to minimize graft length changes during knee flexion, has made way for tibia-
independent drilling techniques (e.g., anteromedial portal and outside-in retrograde 
drilling), which allow for more anatomic graft placement. These techniques are associated 
with greater length changes during knee flexion,17 however. Thus, it is paramount for 
surgeons to have a good understanding of the relation between socket positioning and ACL 
graft length changes. As strains of 4% to 6% can result in permanent graft stretch and/or 
failure,23, 32 correct fixation angle and tensioning may be especially important for successful 
clinical outcomes in anisometric ACL reconstruction. Numerous ex vivo studies have 
explored the isometry of the ACL.8, 14, 17, 25, 31 However, these cadaveric studies have 
yielded inconsistent results. Moreover, ex vivo studies are unable to consider muscle forces 
that control the knee during dynamic in vivo motion. Therefore, care should be taken when 
translating the ex vivo biomechanical measurements to the results, which would be seen in 
the knee during in vivo weight-bearing motion and detailed information on the effect of 
various socket positions during in vivo loading of the knee is lacking. Therefore, mapping 
the in vivo anisometry of various theoretical ACL grafts may help improve socket 
placement during ACL reconstruction and surgeons’ understanding of its effect on graft 
length. The purpose of this study was to evaluate the in vivo anisometry and strain of 
theoretical ACL grafts in the healthy knee using various socket locations on both the femur 
and tibia. The hypothesis was that grafts placed more posteriorly (on both the femur and 
tibia) would yield more anisometric behavior during knee flexion. 
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METHODS 

Participants 

This study was approved by our institutional review board and written consent was 
obtained from each participant prior to taking part in this study project. All participants 
were tested between November 2008 and April 2010 to study the normal in vivo knee 
kinematics during dynamic functional activities. In this study, 18 healthy knees were 
studied (12 men, 6 women; age 35.4 ± 10.9 years (mean ± standard deviation); body height 
175 ± 9 cm; body weight 83.3 ± 18.0 kg; body mass index 27 ± 3.5; KT-1000 67 N, 89 N, 
and 134 N anterior force translations were 1.8 ± 1.1 mm, 2.9 ± 1.3 mm, and 4.4 ± 1.8 mm, 
respectively) to investigate the strain of various theoretical ACL grafts.  

All participants meeting the inclusion and exclusion criteria were enrolled through our 
institutional broadcast e-mail announcements. The inclusion criteria consisted of 
participants 18 to 60 years old with the ability to perform daily activities independently 
without any assistance device and without taking pain medication. Standard knee 
examination was performed on the knee, including the Lachman and anterior drawer test, 
and participants with increased laxity were excluded. Other exclusion criteria were knee 
pain, previous knee injury, and previous surgery to the studied lower limb. The magnetic 
resonance imaging (MRI) scan of the knee of each participant was assessed for potential 
meniscal tears, chondral defects, and ligamentous injuries; if present, the participant was 
excluded from further analysis. 

 

Imaging procedure 

The MRI and dual fluoroscopic imaging techniques for the measurement of ligament 
kinematics have been described in detail previously.15 MRI scans of the knee joints were 
done in both sagittal and coronal planes using a 3-Tesla MRI scanner (MAGNETOM Trio; 
Siemens, Malvern, PA) with a double-echo water excitation sequence (thickness 1 mm; 
resolution of 512 × 512 pixels).3 The images were then imported into solid modeling 
software (Rhinoceros; Robert McNeel and Associates, Seattle, WA) to construct 3-
dimensional (3D) surface models of the tibia, fibula, and femur.  

The knee of each participant was simultaneously imaged using 2 fluoroscopes (BV Pulsera; 
Philips, Eindhoven, the Netherlands) as the participant performed a step-up (55⁰ ± 4⁰) and 
sit-to-stand motion (88⁰ ± 10⁰). Next, the fluoroscopic images were imported into solid 
modeling software and placed in the imaging planes based on the projection geometry of 
the fluoroscopes during imaging of the participant. Finally, the MRI-based knee model of 
each participant was imported into the software, viewed from the directions corresponding 
to the fluoroscopic x-ray source used to acquire the images, and independently manipulated 
in 6 degrees of freedom inside the software until the projections of the model matched with 
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the outlines of the fluoroscopic images. When the projections best matched the outlines of 
the images taken during in vivo knee motion, the positions of the models were considered 
to be reproductions of the in vivo 3D positions of the knees. This system has an error of 
<0.1 mm and 0.3⁰ in measuring tibiofemoral joint translations and rotations, respectively.3, 

15, 16  

 

Tibiofemoral attachment points 

To determine the in vivo length patterns of theoretical grafts during motion, various tibial 
and femoral attachment sites were used. The tibial attachment areas of the ACL were 
determined based on the MR images in both sagittal and coronal planes.9 The anatomic 
ACL attachment area was directly mapped onto the 3D MRI-based tibia model. The 
attachment area was then subdivided into an anteromedial and posterolateral portion guided 
by the meticulously performed anatomic descriptions of Edwards et al.5 and Ferretti et al.6 
The geometrical centers of the ACL, anteromedial, and posterolateral attachment areas 
were determined and used as 3 distinct tibial attachment points (Fig. 1). 

A true medial view of the femur was established (perpendicular to the medial-lateral 
femoral axis). To account for the geometric variations between knees, a quadrant method (4 
× 4 grid) developed by Bernard et al.1 was applied to the 3D models. The most anterior 
edge of the femoral notch roof was chosen as the reference for the grid alignment (line t), 
that is, the Blumensaat line (which in fact is a derivative of the true Blumensaat line, since 
the latter is a radiograph finding, whereas the line used in the current study was based on 
3D models).7 The segments along line t and perpendicular to line t (line h) were divided 
into fourths. The medial view was used to project 144 femoral attachment points to the 
medial aspect of the lateral femoral condyle (Fig. 2A). The region of interest for the 
femoral points was determined by the bony edges of the medial aspect of the lateral femoral 
condyle, that is, using the cartilage as borders. The region of interest was then further dived 
into 16 subareas (Fig. 2B). Finally, the anatomic and transtibial over-the-top (OTT) ACL 
socket locations were identified based on Parkar et al.20  

 

 

 

 

 

 

 
Fig. 1 Proximal-distal view of a 3D tibia and fibula model showing the distribution of 
the anteromedial, central, and posterolateral tibial attachment points. 
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Strain measurements 

The length changes for each theoretical graft were measured as a function of knee flexion. 
The direct line connecting the femoral and tibial attachment point was projected on the 
bony surfaces. This allowed to create a line that avoids penetration through bone, and 
therefore followed bony geometry, that is, a wrapping path (Fig. 3). An optimization 
procedure was implemented to determine the projection angle to find the shortest 3D 
wrapping path (this is to mimic a path of minimal resistance) at each flexion angle of the 
knee. This technique has been described in previous studies for measurements of ligament 
kinematics.30 The length of the projected line (i.e., curved around the bony surfaces) was 
measured as the length of the graft. Following the methods by Taylor et al.,28 ACL strain 
was measured from the ACL length changes relative to a reference as follows: ε = L - L₀ / 
L₀ × 100%, where ε is relative graft strain, L is graft length, and L₀ is a reference length 
(defined as the length of the nonweight-bearing MR imaging position). A heat map was 
created to provide visual representation of the anisometry distribution over the medial 
aspect of the lateral femoral condyle by using the mean maximum strain - mean minimum 
strain of each theoretical tibiofemoral graft during both motions. 

 

Statistics 

Data were first pooled according to tibial attachment sites. A 2-way analysis of variance 
(ANOVA) was used to assess for differences in mean anisometry due to tibial attachment 
sites, flexion angle, and their interaction. Then, for each femoral attachment site, a 2-way 
ANOVA was used to examine differences in anisometry between the 3 studied tibial 
attachments. If significant, Tukey honestly significant difference post hoc tests were 
performed to compare between pairs of the 3 individual tibial socket positions. A similar 
procedure was then implemented with data pooled by femoral attachment site. A 2-way 
ANOVA was used to assess for differences in mean anisometry due to femoral attachment 
sites, flexion angle, and their interaction. Then, for each tibial attachment site, a 2-way 
ANOVA was used to examine differences in anisometry between the 3 studied femoral 
attachments. If significant, Tukey honestly significant difference post hoc tests were 
performed to compare between pairs of the 3 individual femoral socket positions. In 
contrast to the tibial pool, the interaction between femoral socket location and flexion angle 
was significantly associated with anisometry patterns for the femoral sockets. Therefore, 
Tukey honestly significant difference tests were also employed to examine differences 
between the femoral socket positions at each flexion angle. All analyses were performed in 
R version 3.3.2, and P values less than .05 were considered significant. 
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Fig. 2 (A) Medial view of a 3D femur model in 90⁰ of flexion. The 4 × 4 grid as 
developed by Bernard et al.1 was applied to the medial aspect of the lateral femoral 
condyle. A line extending along the Blumensaat line was used as a landmark for the 
anterior border of the grid (line t). Parallel to line t, a line was drawn to the posterior 
edge of the lateral condyle to form the posterior border. The proximal and distal borders 
were formed by 2 lines perpendicular to the Blumensaat line (line h) originating from 
the proximal and distal bony borders of the lateral femoral condyle. Line h: maximum 
distance from the proximal condylar bony border to femoral joint line. Line t: maximum 
distance perpendicular from the Blumensaat line to the posterior edge of the lateral 
condyle. (B) The medial view was used to project 144 femoral attachment points to the 
medial aspect of the lateral femoral condyle. The region of interest for the femoral 
points was determined by the bony edges of the medial aspect of the lateral femoral 
condyle, that is, using the cartilage as borders. The region of interest was then further 
dived into 16 subareas. Distal to proximal direction A to D; anterior to posterior 
direction 1 to 4. 

A 

B 
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Fig. 3 Anterior-posterior view of a 3D knee model illustrating the lines curving over the 
bony geometry of the femur and tibia, that is, the “wrapping effect.” At each flexion 
angle, an optimization procedure was implemented to determine the graft projection 
angle to find the shortest 3D wrapping path, mimicking the path of least resistance for 
the ACL graft. 
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RESULTS 

Posterior to the femoral intercondylar notch, running in the proximal-distal direction, a 
zone demonstrated least anisometry during the step-up and sit-to-stand motions (i.e., the 
blue area on the medial aspect of the lateral femoral condyle in Figs 4 and 5). The most 
isometric attachment location when connected to the anteromedial, central, or posterolateral 
tibial attachments for each activity is described in Table 1. Attachments located posteriorly 
to the isometric zone resulted in decreased graft lengths with increasing flexion angles (Fig. 
6), whereas distal-anterior grafts increased in length with increasing flexion angles. The 
anisometry heatmap during both the step-up and sit-to-stand motion is illustrated in Video 1 
available on the journal’s website. 

 

Femoral comparison 

During step-up and sit-to-stand motion, when the femoral bundles were connected to any of 
the 3 tibial locations, the isometric attachment was significantly more isometric than the 
anatomic (P < .001) and the OTT location (P < .001); the OTT location was significantly 
more isometric than the anatomic (P < .001) (Table 2). When connected to the central tibial 
location, significant differences in strain were found between the anatomic versus isometric 
locations from 20⁰ to 50⁰ of flexion (P < .001), anatomic versus OTT from 25⁰ to 50⁰ of 
flexion (25⁰, P = .004, 30⁰-50⁰, P < .001) and for the isometric versus OTT location from 
30⁰ to 50⁰ of flexion (30⁰, P = .03, 40⁰-50⁰, P < .001) (Fig. 7A, Table 3). Results for the sit-
to-stand motion are mentioned in Fig. 7B and Table 3. 

 

Table 1. Most isometric graft locations. 

 Step-up  Sit-to-stand  

 
Length change  
(% and CI 95) 

Location  
(t† x h‡) 

Length change  
(% and CI 95) 

Location  
(t† x h‡) 

Anteromedial 1.7 (1.4 to 1.9) 50 x 14 2.2 (1.9 to 2.5) 43 x 8 

Central 1.8 (1.5 to 2.1) 48 x 8 3.1 (2.7 to 3.5) 43 x 8 

Posterolateral 2.2 (1.8 to 2.5) 48 x 8 5.2 (4.6 to 5.9) 43 x 8 

†h: percentage along line h (this is perpendicular to the Blumensaat line) 
‡t: percentage along line t (this is parallel to the Blumensaat line) 
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Tibial comparison 

For the step-up motion, when connected to the isometric femoral socket, no significant 
differences in anisometry were found between the anteromedial and central (P = .14) or 
central and posterolateral (P = .15) tibial attachments; the anteromedial and posterolateral 
tibial attachment were significantly different (P < .001). When grafts were attached to the 
anatomic femoral socket, the anteromedial and central tibial attachments were not 
statistically different (P = .08); significant differences were found between the anteromedial 
and posterolateral (P < .001), and central and posterolateral attachments (P = .017). When 
connected to the OTT socket location, significant differences in mean isometry were found 
between the anteromedial and central attachment (P = .003), and the anteromedial and 
posterolateral attachment (P < .001), and the central and posterolateral attachment (P < 
.001) (Table 2). Results for the sit-to-stand motion are mentioned in Table 2. 

 

 

 

 

Fig. 4 Medial view of a 3D femur model in 90⁰ of flexion. The “heat map” illustrates 
the isometry distribution (mean maximum strain – minimum strain) over the medial 
aspect of the lateral femoral condyle for single point-to-point curves when connected to 
the anteromedial, central, or posterolateral tibial attachment during the dynamic step-up 
(A) and sit-to-stand motion (B). The darkest blue area on the femur represents the most 
isometric attachment area, whereas the red areas highlights those with a high degree of 
anisometry. Specifically, the circle represents the most isometric attachment. The black 
cross (x) on the femur shows the “over the top” position as would be achieved by 
transtibial drilling; the black dot shows the center of the ACL footprint as described by 
Parkar et al.18 
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Fig. 5 Medial view of a schematic femur model in 90⁰ of flexion. The most isometric 
location (mean maximum strain – minimum strain) on the medial aspect of the lateral 
femoral condyle per participant is illustrated when connected to the anteromedial, 
central, or posterolateral tibial attachment during the dynamic step-up (A) and sit-to-
stand motion (B). The black cross (x) on the femur shows the “over the top” position as 
would be achieved by transtibial drilling; the black dot shows the center of the ACL 
footprint as described by Parkar et al.18 
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Fig. 6 Strain per area in the anterior to posterior direction, for example, B1 (anterior) to 
B4 (posterior) during the dynamic step-up (A) and sit-to-stand (B) motion when 
connected to the anteromedial tibial attachment. Values are presented as mean and 95% 
confidence interval. 

Fig. 7 Strain per area in the anterior to posterior direction, for example, B1 (anterior) to 
B4 (posterior) during the dynamic step-up (A) and sit-to-stand (B) motion when 
connected to the anteromedial tibial attachment. Values are presented as mean and 95% 
confidence interval. 
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Table 2. Statistical analysis for isometry of the various studied bundles in the step-up 
motion (A) and sit-to-stand motions (B). The three femoral attachments: anatomic ACL 
center (anatomic), over the top (OTT) and most isometric location; and three tibial 
locations: anteromedial, central and posterolateral. 

(A) Step-up   
Femur 

Tibia Anatomic vs Isometric Anatomic vs OTT OTT vs Isometric 
Anteromedial p < 0.001 p = 0.01 p < 0.001 
Central p < 0.001 p < 0.001 p < 0.001 
Posterolateral p < 0.001 p < 0.001 p < 0.001     

Tibia 
Femur Anteromedial vs Central 

Anteromedial vs 
Posterolateral Central vs Posterolateral 

Anatomic p = 0.08 p < 0.001 p = 0.017 
OTT p = 0.003 p < 0.001 p < 0.001 
Isometric p=0.14 p < 0.001 p = 0.15     
    
(B) Sit-to-stand    

Femur 
Tibia Anatomic vs Isometric Anatomic vs OTT OTT vs Isometric 
Anteromedial p < 0.001 p < 0.001 p < 0.001 
Central p < 0.001 p < 0.001 p < 0.001 
Posterolateral p < 0.001 p < 0.001 p < 0.001     

Tibia 
Femur 

Anteromedial vs 
Posterolateral 

Anteromedial vs 
Posterolateral Central vs Posterolateral 

Anatomic p = 0.004 p < 0.001 p < 0.001 
OTT p < 0.001 p < 0.001 p < 0.001 
Isometric p = 0.06 p < 0.001 p = 0.004 

Note: p-values represent statistical significant differences in anisometry (mean maximum strain – 
mean minimum strain).
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DISCUSSION 

In this study, the most isometric femoral socket location was approximately midway on the 
Blumensaat line just posterior to the intercondylar femoral notch. This was true for the 3 
studied tibial attachments (i.e., anteromedial, central, and posterolateral location) during 
both motions. A graft in this position underwent approximately 2% and 6% strain during 
the step-up and sit-to-stand motion, respectively. The theoretical ACL strains were most 
affected by changing the femoral socket positions in the anterior-posterior direction. 
Posterior femoral attachments resulted in decreased lengths with increasing flexion angles, 
whereas anterior-distal grafts increased in length with increasing flexion angles.  

Traditional thinking in ACL reconstruction has focused on avoiding peak graft strains at 
full-extension, as strains greater than 4% to 6% are known to lead to undesirable graft 
behavior namely, overconstraint and potentially graft failure.23, 32 Therefore, depending on 
the tibiofemoral socket positions, and thus the anisometry pattern, the fixation angle is a 
crucial variable in achieving desirable graft behavior. This is especially true for anisometric 
grafts, which experience greater length changes over knee range of motion. As evidenced 
by this study, anteriorly positioned femoral sockets show less length change, particularly 
pronounced during the extension to early flexion range, than more posteriorly positioned 
sockets, which greatly decrease in length with increasing flexion (Fig. 6). For example, 
graft fixation at 30⁰ of flexion may have detrimental consequences if one prefers to place 
the femoral socket posteriorly (e.g., quadrants B3-4) over time because of repetitive stretch-
shortening cycles from 30⁰ to full extension. This may be especially important for the 
posterolateral socket during double bundle ACL reconstruction. In contrast, a surgeon may 
have more flexibility in fixation angle when aiming for anterior socket positioning.  

Given the importance of avoiding peak strains, it may be surprising that isometric ACL 
reconstruction techniques are not associated with improved clinical outcomes. However, 
our study demonstrates that the most isometric point on the femur is located far from the 
anatomic ACL insertion site (Figs 4 and 5). This means that a socket drilled at the isometric 
location (i.e., distal and anterior to the center of the ACL footprint) will result in a 
nonanatomic ACL reconstruction. In fact, given their relatively constant strains, isometric 
and OTT grafts may experience a relatively higher strain at deeper flexion angles than an 
anatomic ACL reconstruction. Specifically, the isometric and OTT locations had 
significantly higher strains than the anatomic location (i.e., strains closer to their 0⁰ strain, 
whereas the anatomic ACL decreased more in relative length) beyond approximately 20⁰ of 
knee flexion. The theoretical isometric and OTT grafts yielded more isometric behavior, 
and are therefore relatively “longer” than an anatomic ACL reconstruction. These increased 
relative strains compared with the anatomic reconstruction may account for the lack of 
improved clinical outcomes with nonanatomic reconstructions.2,12 Previous studies 
evaluating socket position in revision ACL reconstruction cases found a tendency of more 
anteriorly placed femoral socket and posteriorly placed tibial socket.10, 21, 29 Although these 
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grafts might in theory have been relatively isometric based on the anterior femoral 
attachment, the biomechanically inadequate orientation of the graft could have placed the 
reconstruction at risk of failure.  

Recent anatomic studies have revealed 2 types of femoral attachment fibers of the ACL, 
namely, a direct type and an indirect type.18, 24, 26 In the in vitro setting, simulated tests of 
uniplanar anterior and combined anterior and rotatory loads have indicated that the direct 
attachment serves primarily in restraining anterior tibial translation.13, 19, 22 In addition, 
Nawabi et al.19 found the direct attachment to form a key link in transmitting mechanical 
load to the joint (i.e., bear more force) and to be more isometric than the indirect 
attachment. Kawaguchi et al.13 showed that the direct attachment (areas G and H in their 
study) of the ACL resisted 82% to 90% of the anterior drawer force, with most load carried 
by the fibers closest to the roof of the intercondylar notch (66%-84%). Interestingly, this 
key region for force transfer (areas G and H13) is located near the isometric area (dark blue 
zone in Fig. 4) during in vivo knee flexion as demonstrated by our study. Given DeFrate’s 
recent work2 demonstrating the importance of restoring functional anatomy and the 
concordance of isometry between recent ex vivo studies and this in vivo study, these results 
may encourage future research elucidating functional anatomic ACL reconstruction 
techniques focused on restoring the anteriorly located direct fibers of the ACL.  

Another variable that is directly related to the socket position is the functional length of the 
graft, which is an important variable in any ligament reconstruction. Stress-strain curves 
consist of a nonlinear toe region and a linear region. Long grafts undergo greater elongation 
under the same load compared with short grafts for both nonlinear and linear regions. This 
means that decreasing the length of a graft, that is, a femoral socket that has close proximity 
to the tibial socket, linearly increases its stiffness.4 Therefore, the socket position of the 
ACL graft determines the effective length and thus plays an important role in the kinematic 
response of the knee. In the current study, it was found that the tibial location significantly 
affected the mean anisometry. In the recent study by Inderhaug et al.,11 it was shown that 
posterior tibial socket positioning was related to an increased rate of revision cases. Future 
studies may further explore the effect and its significance of the tibial socket positioning.  

The present description of in vivo graft anisometry at various positions is critical 
information for further follow-up studies on graft behavior and clinical outcome. 
Independent of surgical technique, these data could help surgeons to improve the socket 
position and fixation angle. Moreover, these data may be useful in the setting of ACL 
revision; while previous studies have typically only examined the anatomic ACL insertion 
site, this study provides a map of the entire medial aspect of the lateral femoral condyle, 
which may be useful if the anatomic site is compromised. 
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Limitations 

There are several limitations to this study. Only data from healthy knees during 2 functional 
activities were used. No full range-of-motion activity was studied; more specifically, no 
hyperextension or flexion angles beyond 90⁰ of flexion were analyzed. Future research 
should consider knees with a torn ACL and more demanding in vivo functional activities 
(e.g., lunging, running, and jumping). No pivoting motion was performed in this study, and 
thus the effect of excessive rotational moments could not be assessed. In this study, strain 
was measured using the reference length as measured from the non-weightbearing MR 
imaging position. The precise reference lengths (zero-load length) are unknown because of 
the in vivo nature of the study. However, previously this measurement has been shown to 
be linearly related to the true strain.28 Finally, no actual ACL reconstructions were 
performed in the present study, so no definite conclusions could be generated regarding the 
most optimal socket positions. 

 

Conclusions 

An area of least anisometry was found in the proximal-distal direction just posterior to the 
intercondylar notch. ACL reconstruction at the isometric and OTT location resulted in 
nonanatomic graft behavior, which could overconstrain the knee at deeper flexion angles. 
Tibial location significantly affected graft strains for the anatomic, OTT, and isometric 
socket location. 
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