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Abstract

Purpose Intraoperative fluoroscopy has been proposed as

a feasible method to improve the accuracy of anatomical

tunnel positioning. However, it has so far not been deter-

mined, whether this technique reduces the variability of

tunnel positioning in a clinical set-up. Therefore, the pur-

pose of this study was to determine the variability of tunnel

positions applying intraoperative fluoroscopy.

Methods Femoral and tibial tunnel positions of 112

fluoroscopic ACL reconstruction cases were determined

according to validated radiological measurement methods.

Mean positions, standard deviations and ranges were cal-

culated to determine the variability of the tunnel positions.

Subgroup variability analysis was performed to analyse

cases in which tunnel positions were corrected.

Results Applying intraoperative fluoroscopy, the vari-

ability of tunnel positions was found to be 3 % at the femur

(range 15.4 %) and 2.3 % at the tibia (9.7 %). In 34 cases

(30.0 %), non-satisfactory tunnel positions were identified

and could be corrected achieving more accurate positions

regarding to radiological parameters (149 femur, 169

tibia, 49 femur and tibia).

Conclusions The results of the presented study indicate

that intraoperative fluoroscopy allows to identify non-

accurate tunnel positions regarding to radiological criteria.

The determined low variability indicates that fluoroscopic-

based ACL reconstruction can be recommended as a fea-

sible, easy and effective adjunct that enables surgeons to

create more consistent and reliable tunnel positions in ACL

reconstruction.

Level of evidence IV.

Keywords ACL reconstruction � Fluoroscopy �
Fluoroscopic-assisted ACL reconstruction � Tunnel
positioning � Radiological measurement � Variability �
Accuracy

Introduction

The goal of ACL reconstruction is to restore physiological

joint biomechanics in order to restore of knee joint stability

with full range of motion as well as prevention of sec-

ondary cartilage and meniscal lesions. Despite greater

knowledge of the knee anatomy, biomechanics and

improvements in operative ACL reconstruction techniques,

till date considerable rates of graft failure exist [3, 8, 9, 46].

In addition to factors such as patient selection, surgeon’s

experience, graft choice, graft fixation or rehabilitation that

are discussed to affect the outcome of ACL reconstruc-

tions, there is general agreement that correct anatomical

tunnel positioning is fundamental to successful ACL

reconstruction and long-term stability [2, 16, 22, 25, 29,

48]. However, the importance of anatomical tunnel posi-

tioning in ACL reconstruction is well accepted, the

implementation of this knowledge into intraoperative tun-

nel positioning seems to remain difficult since reliable

landmarks, allowing correct tunnel identification, do not

consistently exist [12, 17, 31, 32, 34, 36, 38, 44]. Radio-

logical studies indicate that approximately 10–40 % of the
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tunnel positions in primary ACL reconstructions have been

placed non-anatomically [1, 13, 41, 43].

Recently, McConkey et al. [25] analysed the variability

of tunnel positioning in conventional ACL reconstruction

techniques in a cadaver study. The results showed a sig-

nificant variability of tunnel positions among surgeons as

well as it was reported that surgeons are significantly more

likely to assess their tunnel positions to be ideal than

independent surgeons.

Since different radiological measurement methods exist

that allow to identify the anatomical insertion areas of the

ACL in radiographs [2, 6, 10, 19], image-assisted tunnel

position techniques have proposed to guide tunnel posi-

tioning and to improve accuracy and reliability [17, 20, 21,

36]. Among these, intraoperative fluoroscopy has been

proposed as a feasible method to improve the accuracy of

anatomical tunnel positioning [7, 14, 28, 39] by identifi-

cation and fluoroscopic guidance of tunnel positioning

related to radiographic recommendations.

However, it has so far not been determined, whether

intraoperative fluoroscopy reduces the variability of tunnel

positioning in a clinical set-up. Therefore, the purpose of

this study was (1) to determine the variability of tunnel

positions applying intraoperative fluoroscopy as well as (2)

to determine whether more consistent results can be

achieved by identification and correction of tunnel posi-

tions that were fluoroscopically assessed to be unsatisfac-

tory. The hypothesis of this study was that intraoperative

fluoroscopic-assisted tunnel positioning is a feasible

method that allows for more accurate anatomical tunnel

positioning in ACL reconstruction by reducing the vari-

ability of femoral and tibial tunnel positions.

Materials and methods

One hundred and twelve consecutive cases of ACL

reconstructions, performed by three experienced ACL

surgeons, were analysed in a cohort study, providing

intraoperative fluoroscopic images of femoral and tibial

tunnel positions. The quality of fluoroscopic images

allowed in all cases to determine the tunnel positions pre-

cisely. The mean age at time of surgery was 27 years

(range 13–47 years), showing skeletally mature radio-

graphs with closed physes in all cases. No osteoarthrosis

higher than Kellgren–Lawrence grade A was seen in the

radiographs. Sex distribution showed 41 female and 71

male cases.

According to preoperative MRI examinations, that

showed ACL rupture in all cases, preoperative clinical

assessment of all patients showed an increased anterior

tibia translation in Lachman’s examination as well as a

rotational instability in pivot-shift examination. In all

cases, full weight bearing and free range of motion were

achieved at the time of surgery.

In 96 cases, primary single-bundle ACL reconstruction

was performed using hamstrings autograft. In nine cases,

revision ACL reconstruction (59 ipsilateral patellar ten-

dons, 19 ipsilateral quadriceps tendons, 39 contralateral

hamstrings tendons) and in seven cases ACL reconstruction

(49 ipsilateral quadriceps tendons, 39 contralateral ham-

strings tendons) were combined with an additional knee

ligament reconstruction.

Surgical procedure

After positioning of the patients, standard arthroscopy

portals were created and cartilage as well as meniscal

therapy was performed if required. For identifying arthro-

scopic landmarks required for tunnel positioning, first the

femoral tunnel was created. Depending on the knee size

and the graft diameters, standard femoral 6–7 mm offset

aiming devices (Accufex, Smith&Nephew, Andover, MA,

USA) were used to create femoral tunnels. In all cases, the

femoral aiming devices were introduced through an addi-

tional deep anteromedial portal. Identifying the anatomical

femoral ACL insertion area, the over the top position as

well as the clockwise notch orientation, the aiming devices

were positioned within the centre of the anatomical inser-

tion area. A 2.4-mm drill guide (Smith&Nephew, Andover,

MA, USA) was passed through the femoral aiming device

into the lateral condyle with the knee in at least 110�
flexion until the tip of the drill guide perforated the skin on

the lateral aspect of the femur. The drill guide was then

passed through the knee, until the end of the drill guide

ended flush with the inner bony wall of the lateral condyle.

In 90� of flexion, the entrance point of the femoral tunnel

was evaluated and again it was checked, whether the end of

the drill guide and the bone surface of the inner lateral

notch wall ended flush (Fig. 1a). Then, a tibial aiming

device (Accufex, Smith&Nephew, Andover, MA, USA)

was introduced into the knee over the anteromedial portal.

After central and lengthwise incision of the ACL stump,

the intraarticular tip of the tibial aiming device was posi-

tioned within the centre of the ACL stump, so that the drill

guide would pass the intraarticular tibial cortex on height

of the anterior border of the anterior horn of the lateral

meniscus. Then, a second 2.4-mm drill guide was passed

through the tibial aiming device into the knee. After

removing the tibial aiming device, the position of the drill

guide was checked (Fig. 1b) and considered correctly

placed when its exit point was continuous with a line

marking the posterior edge of the lateral meniscus and

posterior to the medial tibial spine. Then, the drill guide

was drilled backward, unless the tip ended flush with the

tibial cortical surface, which was controlled visually as
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well as with a palpation hook (Fig. 1c). In cases of

unsatisfactory tunnel positions, the drill guides were

removed and new positions were created unless anatomical

positions were achieved. Since flush ending of the tibial

drill guide tip as well as of the end of the femoral drill

guide was essential to determine the correct positions in the

radiographs, this was carefully controlled before fluoro-

scopic image acquisition. Once satisfactory drill guide

positions were achieved regarding the drill guide positions

in relation to the tibial and femoral ACL footprint, a

standard fluoroscope was positioned to acquire lateral

radiographs of the knee. Two lateral fluoroscopic images—

one of the femur and one of the tibia—were acquired,

showing overlapping femoral condyles for femoral images

and a plane joint view and rotation at the tibia. Tunnel

positions were then assessed according to the radiological

measurement methods of Bernard and Hertel [5] for the

femur and Staubli [40] for the tibia.

If tunnel positions were judged to be correct, images of

the femoral and tibial drill guide positions were printed for

documentation of the tunnel positions. Then, following

conventional ACL reconstruction techniques, the femoral

and tibial tunnels were established using cannulated

reamers and the grafts were passed through the tibial into

the femoral tunnels and fixed with bioresorbable screws

(BioRCI, Smith&Nephew, Andover, MA, USA) at 10�
flexion.

If the radiographic control of the tunnel positions was

judged to be non-anatomical regarding radiological crite-

ria, tunnel positions were corrected as described before and

new fluoroscopic images were acquired to control the new

tunnel positions. Images were printed and it was docu-

mented, whether the tibial or femoral tunnel had to be

corrected. After achieving satisfactory anatomical tunnel

positions, tunnel reaming, graft passage and fixation fol-

lowed as described before.

In all cases, the three surgeons applied the above-

described fluoroscopic ACL reconstruction technique, as it

was the standard procedure of the reporting centre.

Radiological measurement of tunnel positions

All acquired and printed fluoroscopic images, identifying

the femoral and tibial tunnel positions, were scanned and

digitally transferred to a professional CAD drawing and

measurement software (Canvas 9.0, ACD Systems, Seattle,

USA). To determine the femoral and tibial tunnel positions

as well as to measure deviations between tunnel positions,

in cases of drill guide correction, reliable radiological

measurement methods were used.

At the femur, Bernard and Hertel’s quadrant method [6]

was used to determine the tunnel position. Therefore, a

quadrant was projected along Blumensaat’s line and its size

was limited by the sagittal depth and height of the over-

lapping condyles. For femoral evaluation, the depth and

height of the drill guides positions were measured in

relation to a projected quadrant (Fig. 2).

Tibial drill guides positions were measured in the sag-

ittal plane according to Staubli’s [40] measurement

method. In the lateral radiographs, a line was drawn par-

allel to the sagittal tibial joint line. The length of the line is

limited ventrally by the tibial cortex and dorsally by the

descending eminentia intercondylaris. Then, the different

positions were measured along the tibial line (Fig. 3).

Statistical analysis

Femoral height and depth positions as well as tibial sagittal

tunnel positions were analysed using a statistical analysis

software (SPSS, version 13.0, Chicago, IL, USA). Mean

positions, standard deviations and ranges were calculated to

determine the variability of the tunnel positions. Correlation

analysis was performed to comparewhether in cases of tunnel

position correction a higher accuracy could be achieved.

Reliability of radiological measurements

To ensure the reliability of the tunnel position measure-

ments, two independent observers measured the tibial and

Fig. 1 aflush ending femoral drill guide position;b arthroscopic assessment of the tibial drill guide position; cflush ending tibial drill guide position
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femoral tunnel positions in all radiographs and interclass

correlation (ICC) were calculated. Since the measurements

were—according to Landis and Koch [23] —assessed to be

highly reliable (ICC: femur depth 0.973, femur height

0.981, tibia 0.936), further measurement data of observer 2

(WS) were analysed.

Fig. 2 a, b radiological

measurement of the femoral

drill guide position before and c,
d after correction

Fig. 3 a, b radiological

measurement of the tibial drill

guide position before and c,
d after correction
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Results

Variability analysis (Table 1)

As shown in Table 1, applying intraoperative fluoroscopy

mean femoral tunnel positions were found to be at 28.1 %

(depth and height) and mean tibial tunnel positions were

found to be at 42.1 %. The variability for femoral tunnel

positioning was 3 % at the femur and 2.3 % at the tibia.

However, ranges of 15.4 % at the femur and 9.7 % at the

tibia were investigated. Figure 4 shows the variability of

femoral and tibial tunnel positions in a plot graph analysis.

Variability analysis drill guide corrections

Out of 112 cases of fluoroscopic-assisted femoral tunnel

positions, corrections were necessary in 12 cases (10.7 %).

At the tibia 16 (14.2 %), drill guide positions had to be

corrected and in four cases (3.6 %) femoral and tibial drill

guide positions had to be corrected. In all cases, accuracy

improvements of the tunnel positions could be achieved by

repositioning of the drill guides.

Analysis of femoral cases in which drill guide correc-

tions were performed shows that the femoral depth posi-

tions were changed in three cases to a more posterior and in

nine cases to a more anterior position. In four cases, drill

guide reposition led only to changes of the femoral height,

whereas the femoral depth position did not change

(Fig. 5a). Femoral height positions of all cases were cor-

rected from an anterior (19.7 %) towards a more posterior

(26.1 %) tunnel position (Fig. 5b). Figure 5c shows the

femoral height and depth deviations between the initial

drill guide positions and the corrected positions.

As shown in Fig. 6a at the tibia, 13 corrected tunnel

positions were initially assessed too far posterior

(44–48 %) and in seven cases too far anterior (31–39 %).

Figure 6b shows the deviations between the initial drill

guide positions and the corrected positions at the tibia.

Above-described corrections of the drill guide positions

led to more consistent femoral and tibial tunnel positions,

improving variability and ranges in the subgroup analysis

(femur depth/height: SD -1.7/0.6; tibia: SD -3.8) as well

as in the cohort (femur depth/height: SD -0.5/1.1; tibia:

SD -0.8).

Discussion

According to the hypothesis, the most important finding of

the presented study was that intraoperative fluoroscopic-

Table 1 Variability of fluoroscopic tunnel positioning

Femur Tibia

Depth (%) Height (%) Sagittal (%)

Medium 28.1 28.1 42.1

Max 37.0 34.5 47.0

Min 21.6 20.6 37.3

Range 15.4 13.9 9.7

SD 2.7 3.3 2.3

Fig. 4 Variability of tunnel positions
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assisted tunnel positioning is a feasible method that allows

for more accurate anatomical tunnel positioning in ACL

reconstruction by reducing the variability of femoral and

tibial tunnel positions. In the presented study, tunnel

positions were evaluated after positioning of the drill

guides and corrected when necessary using intraoperative

fluoroscopy. Therefore, the results on the one hand describe

the variability of fluoroscopic-assisted tunnel positions in

ACL reconstruction, and on the other hand, the correction

potential to determine tunnel positions that are identified to

be not satisfactory according to radiological criteria.

There is general agreement that correct anatomical

tunnel positioning is fundamental for successful ACL

reconstruction since different biomechanical and clinical

studies report better results in anatomical than in non-

anatomical tunnel positioning [29, 30, 33, 35]. However,

since inconsistencies in tunnel positioning as well as rea-

sonable rates of tunnel misplacement exist, tunnel posi-

tioning in ACL reconstruction remains difficult.

Among other studies that correlate clinical results with

tunnel positions [8, 9, 33, 35], Khalfayan et al. [16] pro-

spectively studied 128 ACL reconstructions, emphasizing

not only the strong correlation between correct tunnel

positions and good clinical results, it was also shown, that

inconsistencies of tunnel positions exist, ranging between

35–99 % at the femur and 13–39 % at the tibia. As wide

ranges of tunnel positions as well as tunnel misplacement

rates of up to 88 % in revision surgery exist [4, 24, 47], it

can be therefore assumed that there is a floating transition

Fig. 5 Variability of femoral tunnel position corrections

Fig. 6 Variability of tibial tunnel position corrections
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between variability of tunnel positioning and tunnel mis-

placement. Moloney et al. [28] as well as Meuffels et al.

[27] showed that even experienced surgeons had difficul-

ties to reliably identify ACL insertions with arthroscopic

techniques alone.

Pinzewski et al. [33] analysed the variability of tunnel

positions in post-operative radiographs of 200 ACL

reconstructions. Limited by the quality of the radiographs,

the variability of the tunnel positions was found to be 5 %.

Also, the MOON group [45] recently reported on the

variability of tunnel positions in ACL reconstruction ana-

lysing 78 ACL reconstructions of 8 surgeons using 3D CT

scans in a comparable study set-up as the presented study.

They presented variability (femur: 8.7/7 % height/depth;

tibia: 6 %) as well as the presented ranges (femur: 22/19 %

depth/height; tibia: 16 %) were assessed to be relatively

consistent.

To achieve more consistent results in ACL tunnel

positioning, different techniques have been proposed to

reduce the variability of tunnel positioning and tunnel

misplacement [15, 33, 36, 37, 39, 49]. Among these,

fluoroscopic-assisted tunnel positioning has been recom-

mended by many authors to increase the accuracy of ana-

tomical tunnel positions in ACL reconstruction [16, 19, 26,

28, 42] since it is reported that intraoperative fluoroscopy

enables to control tunnel positions according to radio-

graphic identification of the ACL insertions. Thus, till date

only a few publications exist, reporting data on the benefits

of fluoroscopy in ACL reconstruction and no study so far

has determined, whether intraoperative fluoroscopy leads

to more consistent results in tunnel positioning.

Analysing the interobserver variability of graft position

measurements Klos et al. [18] investigated 17 cases of

fluoroscopic-assisted ACL reconstructions. Determining a

high intraclass correlation coefficient, variability and ran-

ges of the tunnel positions were not determined. Mehta

et al. [26] investigated in a retrospective study 407 ACL

reconstructions, evaluating the influence of intraoperative

fluoroscopy on decision making, whether tunnel positions

were required to be changed. Regardless of the surgeon’s

experience, tibial and femoral drill guide’s positions were

changed in 15 %, which is close to the reported changing

rate of 14.3 % femoral and 17.8 % tibial tunnel positions

of the presented study.

However, the presented study indicates that fluoro-

scopic-assisted ACL reconstruction allows to achieve more

consistent tunnel positions compared to conventional ACL

reconstruction techniques, intraoperative fluoroscopy alone

is limited to the assessment of tunnel positions after posi-

tioning of drill guides. Fluoroscopy therefore only enables

surgeons to roughly estimate whether the chosen tunnel

positions match with recommended radiographic tunnel

positions. In order to achieve even more consistent results

in ACL tunnel positioning, different other fluoroscopic-

assisted methods, like fluoroscopic overlay technique or

fluoroscopic navigation, were developed to increase accu-

racy by planning and guiding of tunnel positions [28, 36].

Though different, the basic principles of both methods—

fluoroscopic overlay and fluoroscopic navigation—are

comparable: projecting target points onto fluoroscopic

images that can be achieved under either radiological or

navigated guidance. Among other publications [7, 11],

Klos et al. [17] showed that adding navigation to fluoros-

copy reduced variability and ranges of tunnel positions in

ACL reconstruction.

Several limitations are seen in this study. First, no

control group was investigated, analysing the variability in

conventional ACL reconstruction techniques. Since intra-

operative fluoroscopy was standard procedure in the

reporting department, the author’s felt it is inappropriate to

withhold fluoroscopy to a control group. Reporting on the

variability of tunnel positions in conventional ACL

reconstruction, comparable study set-ups were chosen

before [45]. Further, the precision could not be determined,

since intraoperative fluoroscopy was used in the presented

study alone. Therefore, planning of target points as well as

measurement of the absolute deviations of the drill guide’s

positions in relation to the target points (precision) was not

possible. However, we could investigate the accuracy of

fluoroscopic-assisted tunnel positioning by measuring

deviations from the calculated mean positions. Experienced

ACL surgeons, who were familiar with radiographic

determination of tunnel positions, have performed all cases

of ACL reconstruction. Therefore, a certain bias generating

better results can be estimated. Last, the presented study

did not take clinical correlations into account.

Conclusion

As a main result, the presented study shows that intraop-

erative fluoroscopy enables surgeons to create more con-

sistent and reliable tunnel positions in ACL reconstruction.

Since there is till date no common agreement on optimal

tunnel positioning, the described method can be recom-

mended as a feasible, easy and effective method that allows

for precise determination and comparison of tunnel posi-

tions in order to investigate on optimal tunnel positioning

in ACL reconstruction.
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