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Femoral nerve excursion with knee and neck movements in supine, sitting and side-lying 

slump: An in vivo study using ultrasound imaging. 

ABSTRACT 

Background: Neurodynamic assessment and management are advocated for femoral nerve 

pathology. Contrary to neurodynamic techniques for other nerves, there is limited research that 

quantifies femoral nerve biomechanics.  

Objectives: To quantify longitudinal and transverse excursion of the femoral nerve during knee 

and neck movements.  

Design: Single-group, experimental study, with within-participant comparisons.  

Methods: High-resolution ultrasound recordings of the femoral nerve were made in the proximal 

thigh/groin region in 30 asymptomatic participants. Scans were made during knee flexion in 

supine and a semi-seated position, and during neck flexion in side-lying slump (Slump FEMORAL). 

Healthy participants were assessed to reveal normal nerve biomechanics, not influenced by 

pathology. Data were analysed with one-sample and paired t-tests. Reliability was assessed 

with intraclass correlation coefficients (ICC).  

Results: Longitudinal and transverse excursion measurements were reliable (ICC≥0.87). With 

knee flexion, longitudinal femoral nerve excursion was significant and larger in supine than in 

sitting (supine (mean (SD)): 3.6 (2.0) mm; p<0.001; sitting: 1.1 (1.6) mm; p=0.001; comparison: 

p=0.001). There was also excursion in a medial direction (supine: 1.4 (0.3) mm; p<0.001; sitting: 

0.7 (0.6) mm; p<0.001) and anterior direction (supine: 0.2 (0.2) mm; p<0.001; sitting: 0.1 (0.2) 

mm; p=0.06). Neck flexion in Slump FEMORAL did not result in longitudinal (0.0 (0.3) mm; p=0.55) 

or anteroposterior (0.0 (0.1) mm; p=0.10) excursion, but resulted in medial excursion (1.1 (0.5) 

mm; p<0.001). 

Conclusion: Although the femoral nerve terminates proximal to the knee, femoral nerve 

excursion in the proximal thigh occurred with knee flexion; Neck flexion in Slump FEMORAL 

resulted in medial excursion.  

 

Keywords: neuropathy; neuropathic pain; neurodynamics; sonography 
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INTRODUCTION 

Neurodynamics is a clinical concept that uses movement (1) to assess increased 

mechanosensitivity of the nervous system; and (2) to restore the altered homeostasis in and 

around the nervous system (Coppieters and Nee 2015). Anatomical and biomechanical studies 

support the biological plausibility of upper limb neurodynamic tests (ULNTs) (Nee et al. 2012) 

and common neurodynamic tests for the lower limb, such as the straight leg raise test 

(Coppieters et al. 2015; Rade et al. 2017; Ridehalgh et al. 2015) and slump test (Coppieters et 

al. 2005; Ellis et al. 2016; Shacklock et al. 2016). There are however few biomechanical studies 

which evaluate the neurodynamic tests for the femoral nerve.  

The ‘Prone Knee Bend’ test and the ‘Side-lying Slump Knee Bend’ test (or 

Slump FEMORAL) have been suggested to assess increased mechanosensitivity of the femoral 

nerve (Butler 2000). As the name indicates, in the Prone Knee Bend test, the patient’s knee is 

flexed while lying in prone. The addition of hip extension is commonly suggested to further 

elongate the femoral nerve bedding (Butler 2000). There are preliminary intra-operative data 

from a case series of four patients with a L3–L4 disc herniation that a manoeuvre similar to the 

Prone Knee Bend test results in nerve root movement (mean (SD): ~3.8 (0.5) mm) and a 

reduction in intraradicular blood flow (Kobayashi et al. 2003). However, differential diagnosis or 

structural differentiation between neural and non-neural structures is difficult with this test. To 

address this issue, the Slump FEMORAL was developed to allow for structural differentiation (Butler 

2000). Slump FEMORAL is performed in side-lying, and combines knee flexion and hip extension, 

with full spinal flexion. The addition of spinal flexion gives Slump FEMORAL suggested superiority 

over the standard Prone Knee Bend test (Trainor and Pinnington 2011), as the mechanical 

loading of the nervous system is larger and neck extension can be used for structural 

differentiation when the test reproduces the patient’s back and/or leg pain (Butler 2000).  

There is however a lack of biomechanical data which quantify the biomechanical effects 

of knee flexion on the femoral nerve, and of neck movements in the end position of 

Slump FEMORAL. The primary aims of this paper were therefore (1) to determine whether knee 

flexion leads to longitudinal and transverse excursion of the femoral nerve; and (2) to analyse 

the effect of neck movement in Slump FEMORAL on femoral nerve excursion.  
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MATERIALS AND METHODS 

Participants 

Thirty healthy volunteers participated in the study (mean (SD) age: 25.7 (2.9) years; 

body height: 172.1 (9.7) cm; body weight: 67.5 (10.5) kg; 15 women). In agreement with 

previous studies (Coppieters et al. 2009; Coppieters et al. 2015), we selected healthy 

participants rather than patients with nerve pathology, as our intent was to reveal normal nerve 

biomechanics. The sample size was calculated a priori using G*Power software (Version 3.1.7, 

University of Düsseldorf, Germany) (Faul et al. 2007) to detect longitudinal nerve excursion with 

knee and neck movement. To obtain 80% statistical power (1-β error probability) with an α-error 

level probability of 0.05 and an effect-size of 0.5, the estimated number of required participants 

was 28. Data collection was conducted between February and May 2017. 

Participants had to be at least 18 years old, pain and symptom free in relevant regions 

(i.e., leg, trunk and neck) at the time of the evaluation, with no history of pain or dysfunction for 

which treatment was sought in the 3 months preceding the study, and no history of surgery or 

other known relevant conditions such as diabetes and other systemic conditions. Screening 

tests for hip, knee and spine range of motion (ROM) and muscle strength were performed, and 

patients were excluded if abnormalities were identified. Two additional participants were 

recruited, but excluded due to the inability to obtain sufficiently high-quality ultrasound video 

clips of the femoral nerve during knee movements due to lateral movement of the nerve out of 

the ultrasound plane.  

The Scientific and Ethical Review Committee at X approved the study and all 

participants provided written informed consent before commencing the study. 

Femoral nerve anatomy 

The femoral nerve is the main branch of the lumbar plexus (L2-L4). The nerve runs 

through the fibres of the psoas major and descends in the canal formed between the psoas and 

iliacus muscles. The femoral nerve passes under the inguinal ligament, lateral to the femoral 

artery and anterior to the flexion-extension axis of the hip, to reach the thigh. Approximately 1-4 

cm distal to the inguinal ligament, the nerve splits in anterior and posterior divisions. The 

anterior division supplies the sartorius muscle; the posterior division supplies the quadriceps. 

Anterior cutaneous branches from the anterior division provide sensation to the anterior and 
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inner thigh. The saphenous nerve branches of the posterior division and is a sensory nerve 

which runs posterior to the flexion-extension axis of the knee. Its infrapatellar branch innervates 

the skin over the patella and the other branches innervate the skin of the medial side of the leg 

and foot. The femoral nerve ends proximal to the knee, whereas the saphenous nerve 

continues to the foot. 

Manoeuvres 

1) Knee flexion in supine and semi-seated position 

Knee flexion of the left leg was performed while the participant was in a (1) supine 

position (hip: ~0 degrees) and (2) semi-seated position with the trunk supported by a back-rest 

(hip flexion: ~40 degrees) (Fig. 1 A&B). The posterior thigh rested on the plinth, with the lower 

leg outside the plinth (~5 cm over the edge of the plinth). The right leg was in hip and knee 

flexion with the foot resting on a small platform, positioned at the level of the plinth. The order of 

knee flexion in either supine or the semi-seated position was randomised. 

2) Neck flexion in Slump FEMORAL 

With the participant in side-lying slump with the left hip in extension and the left knee 

in flexion, neck flexion was added (Fig. 1C). Neck movements in the end-position of 

Slump FEMORAL are commonly used sensitising manoeuvres to structurally differentiate whether 

the symptoms have a neural or non-neural (e.g., muscular or articular) origin (Trainor and 

Pinnington 2011).  

Each manoeuvre was repeated three times for longitudinal excursion and three times 

for transverse excursion, with 30s rest between repetitions. Consistent with other studies 

(Coppieters et al. 2009; Coppieters et al. 2015), movements were within comfortable ranges of 

motion, and differences in knee and neck ROM were allowed between participants. However, 

within each participant, the ROM remained the same for the different manoeuvres. The 

available ROM was also determined by the amount of lateral nerve movement, as this causes 

the nerve to move outside the ultrasound plane. 

Movement assessment and position control 

Movement of the knee and neck were recorded in order to move through the same 

ROM for the three repetitions within and between conditions. The position of the spine and hip 
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were controlled during Slump FEMORAL to limit the joint movements to the knee and neck 

manoeuvres. 

1) Knee flexion in supine and semi-seated position  

Knee movements were measured throughout the ROM using a twin-axis 

electrogoniometer (SG150; Biometrics Ltd, Newport, UK). Calibration was performed in each 

participant using a standard digital goniometer. The electrogoniometer was sampled at 100Hz 

(Spike2 software, Version 6.06, Power 1401 data acquisition system; Cambridge Electronic 

Design, Cambridge, UK). The signal was filtered post-hoc using a Butterworth 3rd order filter to 

reduce noise and was synchronised with the ultrasound video clips. The hip position was 

measured with a digital goniometer (Powerfix, Germany) at the start and end of each 

manoeuvre. 

2) Neck flexion in Slump FEMORAL 

The participants lay on their right side. They were asked to hold their right leg and to 

“cuddle up to it” so that the right thigh was close to their chest. Straps maintained the right hip 

and trunk in flexion. A custom-built pegboard (0.9m x 1.1m) was used to position the left leg into 

knee flexion and hip extension (Fig. 1C). Digital photos of the start and end positions were 

made to compare the location of 10 reflective markers to evaluate movement and positions of 

relevant segments. The camera (Powershot G7 X, Canon Inc., Japan) was mounted on a frame 

~2m above the plinth. To measure neck movements, two vectors were defined by markers on 

the head and trunk. Hip movements were measured using markers on the trunk and thigh, and 

knee movements by using markers on the thigh and lower leg. Joint angles were calculated 

using a custom-written MATLAB program. 

Longitudinal and transverse nerve movement 

Ultrasound system 

Longitudinal and transverse excursion of the femoral nerve was visualised using 

ultrasound (Model HM70A, Samsung, South Korea). The transducer (12 MHz linear array LA3-

16AD, Samsung, South Korea) was attached to a custom-made mechanical arm to assist in the 

positioning of the transducer. B-mode real-time ultrasound imaging was used with an image 

resolution between 8.8 and 9.8 pixels/mm. Frequency was set at 6.8 MHz and ultrasound 

videos clips were recorded at 36 frames/s, which was downsampled to 12 frames/s in the 
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analysis to improve the accuracy of the correlation algorithm for tissues moving at low velocities 

(Dilley et al. 2001). All scans were performed by the same investigator (ESS), a physiotherapist 

who underwent ultrasound imaging training prior to commencing the study (e.g., via a 3 EC 

course in Musculoskeletal Imaging, including 30 hours of ultrasound practicals, and via ~50 

hours of supervised and independent training in scanning the femoral nerve in the groin region). 

Identification of the femoral nerve 

To visualise the femoral nerve, we slightly modified the method described by Fanara et 

al. 2014 and Szucs et al. 2010. First, the anterior superior iliac spine was located by palpation 

and the transducer was positioned over this bony landmark. The transducer was then moved 

caudally until the anterior inferior iliac spine was reached; and then moved medially until the 

femoral vein and artery were visualised. The femoral nerve is located lateral to the femoral 

artery, and has an oval or triangular honeycomb appearance (Gruber et al. 2003). The 

transducer was then moved proximally to verify that the nerve had not yet split. With the 

transducer, just below to the inguinal ligament, and with a cross-sectional view of the femoral 

nerve, transverse nerve excursion was recorded. The transducer was then rotated 90 degrees 

and aligned with the course of the femoral nerve to evaluate longitudinal excursion.  

Data analysis 

For longitudinal excursion, ultrasound video clips were recorded. Each clip was 

converted to a sequence of separate images and analysed using custom-written MATLAB 

software (The MathWorks, Inc, Natick, Massachusetts). A cross-correlation algorithm was used 

to measure the motion of the speckle features in selected regions of interest between adjacent 

frames of the image sequence (Dilley et al. 2001). The femoral nerve and a bony landmark on 

the femur in the vicinity of the nerve were tracked (3 regions of interest per structure).  

For transverse excursion, the position of the femoral nerve relative to the femur was 

determined from cross-sectional ultrasound images taken at the start and end position of each 

repetition for each manoeuvre, using ImageJ software (National Institutes of Health, Bethesda, 

Maryland, USA). The perimeter of the nerve was traced manually and the centroid of the nerve 

was then calculated automatically (X,Y coordinates). The coordinates of the centroid from the 

last frame were subtracted from the coordinates from the first frame to calculate mediolateral 
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and anteroposterior displacement (Boyd et al. 2012; Ridehalgh et al. 2015). Coordinates were 

also determined for a landmark on the femur (apex of the femoral head).  

To correct for possible movement of the ultrasound transducer, the movement of the 

femur was subtracted from the movement of the nerve to calculate the longitudinal and 

transverse excursion of the femoral nerve.  

Reliability 

Although we have previously shown high reliability for comparable measurements 

(Coppieters et al. 2015), we conducted a limited reliability study. We verified the intra-tester 

reliability for the calculation of longitudinal and transverse nerve movement associated with 

knee flexion in supine. The main reason to conduct this reliability analysis was the absence in 

the literature of data on the reliability of the measurement of femoral nerve excursion. 

In 10 consecutive patients, longitudinal and transverse nerve excursion was quantified 

for three repetitions of knee flexion while the participant was in supine. The same ultrasound 

video clips (longitudinal excursion) and images (transverse excursion) were analysed twice in a 

de-identified fashion on two consecutive days. The reliability was verified by calculation of the 

Intraclass Correlation Coefficient (ICC(2,1)) and Standard Error of Measurement (SEM = SD x 

√(1-ICC) (Weir 2005)). 

Statistical analysis 

The assumption of normality was checked by a Shapiro-Wilks test and appeared not to 

be violated. Therefore, mean (SD) and frequencies are reported. One-sample t-tests were 

performed to determine whether the amount of longitudinal and transverse nerve movement in 

supine, semi-seated and Slump FEMORAL was different compared to no nerve movement. Paired 

t-tests were conducted to compare whether longitudinal and transverse nerve movement 

differed between supine and the semi-seated position. Paired t-tests were also used to evaluate 

joint movement and position control between start and end positions. Pearson’s r was 

determined for all t-tests as a measure of the effect size. The level of significance was set at 

p<0.05. All statistical procedures were performed in IBM SPSS statistics (Version 20, IBM Corp, 

Armonk, NY, USA). 
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RESULTS 

Reliability of nerve excursion 

The measurements of longitudinal and transverse femoral nerve movement were 

reliable (Longitudinal excursion: ICC(2,1): 0.87 (95%CI: 0.69-0.96); SEM: 0.84 mm; Transverse 

excursion along X-axis (i.e., medio-lateral): ICC(2,1): 0.87 (95%CI: 0.47-0.97); SEM: 0.09 mm; 

Transverse excursion along Y-axis (i.e., anterior-posterior): ICC(2,1): 0.97 (95%CI: 0.87-0.99); 

SEM: 0.03 mm). Because the reliability was high and in line with a recent review (Kasehagen et 

al. 2017), reliability will not be discussed further in this manuscript.  

Movement assessment and position control 

 ROM (mean (SD)) for knee flexion was 129.9 (6.9) degrees in supine and 131.9 (6.9) 

degrees in the semi-seated position. The range of knee motion was not different for the two 

conditions (p=0.34). The mean (SD) range of neck movement during Slump FEMORAL was 94.0 

(12.6) degrees (Table 1).  

The position of the other segments was successfully controlled in supine, the semi-

seated position and Slump FEMORAL. The mean differences in position were negligible (≤0.2 

degrees) and not significant (Table 1). 

Femoral nerve excursion with knee flexion 

Knee flexion was associated with longitudinal excursion of the femoral nerve in the 

distal direction relative to the femur (supine (mean (SD)): 3.6 (2.0) mm; p<0.001, r=0.79; semi-

seated: 1.1 (1.6) mm; p=0.001, r=0.44) (Table 2 & Fig. 2A). Longitudinal nerve excursion was 

greater in supine than in the semi-seated position (mean difference (SD): 2.5 (2.5) mm; 

p<0.001, r=0.57). 

Knee flexion also resulted in a transverse excursion of the femoral nerve, namely in a 

medial direction (supine (mean (SD)): 1.4 (0.3) mm; p<0.001, r=0.8; semi-seated: 0.7 (0.6) mm; 

p<0.001, r=0.4) and anterior direction (supine: 0.2 (0.2) mm; p<0.001, r=0.3; semi-seated: 0.1 

(0.2) mm; p=0.06, r=0.2) (Table 2 & Fig 2B). Transverse excursion was significantly larger in 

supine than in the semi-seated position in the anterior direction (mean difference (SD): 0.7 (0.7) 

mm; p<0.001, r=0.6) and medial direction (0.2 (0.3) mm; p=0.006, r=0.3). 

Femoral nerve excursion with neck movement in Slump FEMORAL 
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Neck flexion in Slump FEMORAL was not associated with longitudinal excursion of the 

femoral nerve in the proximal thigh (mean (SD): 0.0 (0.3) mm; p=0.55; r= 0.11). However, the 

femoral nerve moved medially (mean (SD): 1.1 (0.5) mm; p<0.001, r=0.6) with neck flexion, but 

not in anteroposterior direction (0.0 (0.1) mm; p=0.10, r=0.07) (Table 2 & Fig. 2A&B).  

 

DISCUSSION 

The main findings of this study were that, when assessed in healthy participants, (1) the 

femoral nerve at the groin region moved predominantly in a distal, but also medial and 

superficial direction during knee flexion; and (2) neck flexion in Slump FEMORAL did not result in 

longitudinal excursion of the femoral nerve, but was associated with nerve movement in a 

medial direction.  

In supine, the magnitude of longitudinal excursion of the femoral nerve with knee flexion 

was 3.6 (2.0) mm. This is substantial considering the distance between the location of the joint 

movement (knee) and the location of the measurement (groin), and the fact that the femoral 

nerve ends proximal to the knee. Most plausibly, longitudinal nerve movement is induced by 

distal movement and elongation of the quadriceps, and skin and fascia of the anterior thigh. 

Although there are no biomechanical data available, knee flexion might also load the 

infrapatellar branches of the saphenous nerve, and thus indirectly influence femoral nerve 

biomechanics via the saphenous nerve. We believe however that the impact on the distal 

excursion of the femoral nerve observed in this study would be minimal. After all, the saphenous 

nerve runs posterior to the flexion-extension axis of the knee, and knee flexion would therefore 

reduce strain in the saphenous nerve, most likely offsetting the possible impact of the increase 

in strain in the small infrapatellar branches. More research is however required to substantiate 

these assumptions. 

Although substantial, compared to the longitudinal movement of other peripheral 

nerves, the magnitude of longitudinal excursion for the femoral nerve was relatively small. For 

example, the sciatic nerve in the mid-thigh moves (mean (SD)) 8.8 (3.5) mm with knee 

extension (Coppieters et al. 2015), the tibial nerve at the popliteal fossa moves 12.2 (2.2) mm 

with hip and spinal flexion (Shum et al. 2013) and the median nerve moves 5.6 (2.1) mm in the 

upper arm (Coppieters et al. 2009) and 10.4 (2.3) mm in the forearm (Dilley et al. 2003) with 
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elbow extension. It should be noted however that in all these studies the assessed nerve 

crossed the joint that was mobilised. To our knowledge, the present study is the only study in 

which the assessed peripheral nerve (i.e., femoral nerve) does not cross the joint (i.e., knee) 

that was mobilised.  

For transverse excursion, the amount of movement was similar to other nerves (e.g., 

the median nerve at the wrist moves 0.4 mm posteriorly and 1.8 mm laterally with finger 

extension (Hough et al. 2007); the tibial nerve in the popliteal fossa moves 1.4 mm medially with 

dorsiflexion (Boyd et al. 2012)). Other studies reported variability between participants in the 

direction of transverse movement (e.g., for the sciatic nerve (Ellis et al. 2008; Ridehalgh et al. 

2014) and median nerve (Hough et al. 2007)). In our study, the direction of transverse femoral 

nerve movement was consistently in the same direction, i.e., medial and anterior (superficial) 

direction. 

Structural differentiation using remote joint movements is essential when attempting to 

identify femoral nerve or L2-L4 nerve roots pathology as possible anatomical sources of anterior 

thigh pain, and hip and knee pain. Although neck movements are typically advocated to assist 

in structural differentiation during Slump FEMORAL, neck flexion in the end position of 

Slump FEMORAL did not result in further longitudinal excursion of the femoral nerve. Possibly, the 

end position of Slump FEMORAL was not sufficiently reached or neck flexion might have increased 

strain in the femoral nerve, rather than induced longitudinal nerve excursion. Unfortunately, 

localised strain measurements require invasive techniques that are not suitable for in-vivo 

studies. The fact that neck flexion may have an effect on the femoral nerve is supported by the 

observation of a medial movement of the femoral nerve following neck flexion. Movement in the 

same direction was observed when the bedding of the femoral nerve was lengthened with knee 

flexion. Invasive strain measurements (Gilbert et al. 2007; Lohman et al. 2015) or elastography 

in vivo (Andrade et al. 2016) are required to further investigate the effect of neck movement on 

the biomechanics of the femoral nerve in Slump FEMORAL. 

Although neck extension in the end position of Slump FEMORAL is more commonly 

advocated, sensitising manoeuvres that increase or decrease the length of the nerve bedding 

are both useful in differential diagnosing (Butler 2000). The fact that we did not want to put the 

participants in a neuromechanically loaded position for too long was the main reason why we 
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performed neck flexion rather than neck extension as a sensitising manoeuvre. We did not 

monitor or restrict movements of the pelvis, spine and hip during knee movements in the supine 

and semi-seated position. Although we attribute the differences in femoral nerve biomechanics 

to differences in the starting position, we cannot rule out that minor changes in pelvis, spine and 

hip position occurred during knee flexion. Although small movements of the pelvis and spine 

may be difficult to control in clinical settings during neurodynamic tests, future experimental 

studies may want to quantify these movements when evaluating nerve biomechanics. 

Pilot data suggested the usefulness of Slump FEMORAL as a clinical test to identify 

patients with mid lumbar nerve root compression (Trainor and Pinnington 2011). Our results 

revealed that components of Slump FEMORAL and the Prone Knee Bend test indeed mechanically 

challenge the femoral nerve. Our findings are in line with the preliminary intra-operative data 

mentioned above (Kobayashi et al. 2003) and contribute to the biomechanical plausibility 

(validity) of neurodynamic tests for the femoral nerve. Future studies are required to reveal the 

diagnostic accuracy of these tests.  
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TABLE 1  
 

(prepared for double column width) 

 

Table 1. Mean (SD) for start and end position, and ROM for the knee and hip for knee flexion manoeuvres (Part A) and for the neck, knee and hip for 

Slump FEMORAL (Part B) 

For the knee, zero degrees refers to full knee extension; for the hip, negative values refer to hip extension; for the neck, positive values refer to flexion. P-

values are reported for comparisons between start and end positions for joints that were controlled. 

 

 

 

PART A Knee movement  Hip control 

  Start End ROM  Start End ROM p-value 

Supine  2.7 (4.4) 132.7 (6.7) 129.9 (6.9)  -5.7 (3.4) -5.7 (3.8) 0.0 (1.2) 0.14 

Semi-seated  2.3 (5.0) 134.1 (5.8) 131.9 (6.9)  44.0 (3.4) 43.9 (3.5) -0.1 (0.7) 0.46 

PART B  Neck movement  Knee control  Hip control 

  Start End ROM  Start End ROM p-value  Start End ROM p-value 

Slump FEMORAL  15.1 (14.6) 109.1 (16.6) 94.0 (12.6)  118.7 (13.8) 118.8 (13.9) - 0.1 (1.5) 0.75  -2.3 (10.1) -2.1 (9.6) 0.1 (2.0) 0.48 
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TABLE 2  
 

(prepared for double column width) 

Table 2. Longitudinal and transverse (X,Y axis) excursion for the femoral nerve in supine and a semi-seated position and Slump FEMORAL. 

 

 

 

 

 

 

 

 

 

 

   Longitudinal Transverse 
Position Movement  Distal direction  Medial direction (X-axis) Superficial direction (Y-axis) 

Supine Knee flexion  3.6 (2.0) (2.9, 4.3) †  1.4 (0.3) (1.3, 1.5) † 0.2 (0.2) (-0.3, -0.2) † 

Semi-seated Knee flexion  1.1 (1.6) (0.5, 1.7) †  0.7 (0.1) (0.4, 0.9) † 0.1 (0.2) (-0.2, 0.0) 

Slump FEMORAL Neck flexion  0.0 (0.3) (-0.1, 0.1)  1.1 (0.5) (0.9, 1.3) † 0.0 (0.1) (-0.0, 0.1) 

*Values are mean (SD) mm (95% confidence interval). 

† p ≤ 0.01 
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FIGURE 1  
 

(prepared for double column width) 

 

Figure 1. Experimental set-up for the (A) semi-seated position; (B) Supine; and (C) 

Slump FEMORAL. 1. Ultrasound probe; 2. Knee electrogoniometer; 3. Plinth; 4. Back support; 5. 

Foot support (right leg); 6. Ankle orthosis; 7. Pegboard (0.9 x 1.1m) to support left leg; 8. 

Illustration for empty holes in pegboard; 9. Illustration for mechanical stop in pegboard to 

position left leg; 10. Fixation belt to maintain slumped position; 11. Movement analysis markers 

(a. Tip of nose; b. Side of the head (temple); c. Tragus; d. C7; e. T9; f. T12; g. L4; h. Left greater 

trochanter; i. Left lateral condyle of the femur; j. Left lateral malleolus. A digital compact camera 

(Powershot G7 X, Canon Inc., Japan) was placed on a frame above the left hip. Pictures were 

taken at the start and end position of each manoeuvre. Although unlikely that the ankle position 

would have influenced femoral nerve biomechanics, an orthosis was applied to the left ankle to 

maintain the ankle in zero degrees during the experiment. 
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FIGURE 2 (prepared for double column width) 
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Figure 2. Longitudinal (A) and transverse (B) excursion of the femoral nerve during knee flexion in supine and a semi-seated position, and during neck flexion 

in Slump FEMORAL. Location of the ultrasound probe is also illustrated in a cross-sectional anatomical diagram (C). Values (mean (SD)) reflect femoral nerve 

movement adjusted for femur movement.  
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� Longitudinal and transverse excursions of the femoral nerve can be measured reliably with 

ultrasound imaging 

� Although the femoral nerve terminates proximal to the knee, it slides 3.5 mm in the upper 

thigh with knee flexion 

� Neck flexion in Slump FEMORAL is associated with excursion of the femoral nerve in a medial, 

but not longitudinal direction. 
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