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Reliability and Measurement Error of Active Knee Extension Range 
of Motion in a Modified Slump Test Position: A Pilot Study
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Abstract: The slump test is a tool to assess the mechanosensitivity of the neuromeningeal structures 
within the vertebral canal. While some studies have investigated the reliability of aspects of this test 
within the same day, few have assessed the reliability across days. Therefore, the purpose of this pilot 
study was to investigate reliability when measuring active knee extension range of motion (AROM) in a 
modified slump test position within trials on a single day and across days. Ten male and ten female  
asymptomatic subjects, ages 20–49 (mean age 30.1, SD 6.4) participated in the study. Knee extension 
AROM in a modified slump position with the cervical spine in a flexed position and then in an extended 
position was measured via three trials on two separate days. Across three trials, knee extension AROM 
increased significantly with a mean magnitude of 2° within days for both cervical spine positions (P>0.05). 
The findings showed that there was no statistically significant difference in knee extension AROM mea-
surements across days (P>0.05). The intraclass correlation coefficients for the mean of the three trials 
across days were 0.96 (lower limit 95% CI: 0.90) with the cervical spine flexed and 0.93 (lower limit 95% 
CI: 0.83) with cervical extension. Measurement error was calculated by way of the typical error and 95% 
limits of agreement, and visually represented in Bland and Altman plots. The typical error for the cervi-
cal flexed and extended positions averaged across trials was 2.6° and 3.3°, respectively. The limits of 
agreement were narrow, and the Bland and Altman plots also showed minimal bias in the joint angles 
across days with a random distribution of errors across the range of measured angles. This study dem-
onstrated that knee extension AROM could be reliably measured across days in subjects without pathology 
and that the measurement error was acceptable. Implications of variability over multiple trials are dis-
cussed. The modified set-up for the test using the Kincom dynamometer and elevated thigh position 
may be useful to clinical researchers in determining the mechanosensitivity of the nervous system.

Key Words: Modified Slump Test, Knee Extension, Within-Trial Reliability, Reliability across Days, 
Measurement Error

Maitland1 proposed the slump test as a tool to assess 
the mechanosensitivity of the neuromeningeal 
structures within the vertebral canal. This test and 

other tests of neuromeningeal structures, such as the upper 
limb tension tests have been described as “neurodynamic” or 
“neural provocation” tests2-4. A neural provocation test is a 
sequence of movements designed to assess the mechanics 
and physiology of that part of the nervous system by elonga-
tion of the nerve4. Physical therapists have found the slump 
test both a useful test and intervention in patients who pres-
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ent with spinal or lower limb pain3,5,6. However, in these neu-
rodynamic tests, a number of structures may be responsible 
for the pain elicited during the test sequence. Many of these 
nerve tissues interface or run alongside various mono- and 
poly-articular joint structures that may be mechanically 
stressed with neural provocation tests, so the sequence and 
order of the loading components needs to be well controlled 
in order to differentiate between these structures4. 

While trying to control all the elements of this test or 
treatment procedure, clinicians may ask the patient to ac-
tively extend the knee to increase tension to the neural com-
ponents5. Knee extension range of motion (ROM) has been 
used as a dependent variable to quantify the slump test1,8-12. 
Values of 16–35.4° short of full knee extension have been ob-
served in the slump position7-9,11,12; these restrictions in knee 
extension ROM decreased when the neck was extended. From 
a treatment perspective, some authors have modified the 
slump position and have placed the patient in long sitting in 
order to control the knee extension range of motion and have 
then used cervical flexion as the variable to be altered6. It 
could be argued that this position places significant stress 
through the neural components of the test and is more useful 
as a progression towards the end stages of treatment. How-
ever, patients who cannot tolerate this position may require 
an alternative position. One possible alternative position 
might be to increase the amount of hip flexion and combine 
this with knee extension. Whereas some patients might  
be unable to even assume the long sitting position due to 
other bi-articular influences, using knee extension in a modi-
fied slump sitting position with increased hip flexion as de-
scribed above would reduce the influence that the other poly- 
articular structures (most notably limitations in hamstring 
muscle length) have on the outcomes of the test sequence. 
With those subjects unable to attain full knee extension, this 
position also eliminates the effect that mono-articular (mainly 
capsuloligamentous) restraints might have on the amount of 
knee extension.

Coppieters et al4 have commented that high reliability 
and small measurement error is required to render a test 
(such as neuromeningeal tests) suitable for clinical practice 
and experimental studies. Two earlier studies have assessed 
the reliability of the slump test. Phillips et al5 studied inter-
rater agreement for the slump test in patients with low back 
and leg symptoms. These authors reported a κ-value of 0.89 
(95% CI: 0.81-0.97) for mean pair-wise interrater agreement 
on a positive or negative test finding when defining a positive 
slump test as symptom reproduction and subsequent de-
crease with cervical extension, whereas adding increased 
knee extension ROM as a criterion for a positive slump test 
yielded a mean κ = 0.83 (95% CI: 0.75–0.91). More similar to 
the current study, Yeung et al11 studied the reliability of in-
strumented goniometric measurement of knee extension 
AROM limited by symptom response during slump sitting, 
but they did not clarify if the measures for this pilot reliabil-

ity study were taken from asymptomatic controls or subjects 
with post-whiplash syndrome. They reported excellent intra-
rater (r = 0.940) and, for one pair of raters, good interrater 
agreement (r = 0.854). However, neither of these studies un-
dertook testing of the respective slump test parameters 
across more than one day. Therefore, the purpose of this pi-
lot study was to investigate the measurement error and the 
reliability of measurements within trials on a single day and 
across days of knee extension AROM in a modified slump test 
position involving increased hip flexion. We hypothesized 
that this position would be reliable as a test procedure in that 
it would have small measurement error and that it would 
show little variation within and across days.

Materials and Methods

Subjects

A test-retest cross-sectional experimental study design was 
undertaken. A convenience sample of 10 male and 10 female 
asymptomatic subjects (mean age 30.1, SD 6.4) were re-
cruited from the local community and student population. 
In accordance with the requirements of the Auckland Uni-
versity of Technology (AUT) Ethics Committee (05/104), 
written and verbal explanations of the experimental proce-
dures were provided to the subjects. Written consent was 
gained prior to testing. Subjects were excluded from the 
study if they had a history of low back pain, radiating leg 
pain, or knee pain or were currently receiving treatment for 
the same conditions.

Equipment and Procedures

A registered physical therapist with 5 years experience per-
formed the study including the proposal development, the 
study design, and data collection. Analysis, interpretation, 
and writing of this paper were done in combination with the 
other authors. 

During the testing procedure, the subjects were posi-
tioned in a KinCom® Isokinetic dynamometer chair (Kinetic 
Communicator, Chattex Corp., Chattanooga, TN, USA) using 
a methodology similar to the one used by Fidel et al12 and 
Laessoe and Voigt10. The Kincom seat provides a stable plat-
form for measurement and also allows easy access to the 
subject. Once the subject is seated, a specially constructed 
pad that creates a thigh angle of 25˚ to the horizontal pro-
duces the increased hip flexion position as compared to the 
standard slump position. The height of the pad was used to 
prevent subjects from reaching full extension at their knee 
joint. This was done to ensure that knee extension ROM was 
only limited by hamstring extensibility and the neural struc-
tures and not other structures around the knee such as the 
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ligament and capsule as discussed above. Pelvis and hip posi-
tion was kept constant by a strap around the waist and upper 
thigh. 

While the patient was in this position, two trials of the 
test procedure were performed to allow the subject to be-
come familiar with the procedure. A subsequent rest period 
of 10 minutes allowed any possible viscoelastic effects of 
these maneuvers to resolve13. Following the familiarization 
trials, a Penny and Giles electrogoniometer (Penny and Giles 
Biometrics Ltd, Gwent, UK) was attached by double-sided 
tape to the lateral aspect of the thigh and lower leg (Figure 
1). To allow the goniometer to be positioned accurately 
across days, the subjects were marked with ink at the center 
of the lateral femoral condyle and then 7 (cm) above and be-

low that point on the line connecting the greater trochanter 
of the hip to the head of the fibula (Figure 1). To control spi-
nal flexion, the subjects were instructed to flex the trunk 
maximally to a point where they perceived a tolerable stretch 
sensation in the spine but no pain. Maximal spinal flexion 
was then maintained with a strap fixing the thoracic and 
lumbar spine into flexion perpendicular to the seat (Figure 
2). To keep the amount of spinal flexion constant across days, 
the vertical distance from tip of the acromion to the seat was 
measured and kept constant within and across days.

For each test, the starting position was 90° flexion at the 
knee joint with the ankle in full dorsiflexion. Knee extension 
ROM was tested in two positions: in the slump position in-
cluding full head and cervical flexion (Figure 2) and with the 
head and upper cervical spine moving into a more neutral 
head position (relative extension) from this flexed position 
(Figure 3). The maximum knee extension angle was the vari-
able of interest. The subjects were asked to extend the knee 
until they reached the point of perceived maximal discom-
fort due to the stretch. At this point, the knee ROM was re-
corded. The subject was then instructed to extend the cervi-
cal spine back to the neutral position. The subject was then 
asked to extend the knee further if possible (Figure 3). Knee 
extension ROM was then recorded with the head and upper 
cervical spine in relative extension. Subjects repeated this 
sequence 3 times on each day. The testing sequence was also 
repeated with a separation of 2 days.

Fig. 1. Electrogoniometer placement.

Fig. 2. The slump position for a typical  subject in the fixed 
seat with the cervical spine  in flexion.

Fig. 3. The slump position for a typical subject in the fixed 
seat with the cervical spine in extension.
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Statistical Analysis

Descriptive statistics were calculated and the normal distri-
bution of the dependent variables was assessed. To compare 
the data within and across days, we used a two-factor (trials 
and days) repeated-measures analysis of variance (ANOVA) 
model. Assumptions associated with sphericity were tested 
and corrections (Greenhouse-Geisser) were made where ap-
propriate. Pair-wise contrasts of Trial 1 with the other trials 
were undertaken with Bonferroni tests. Typical error14 was 
calculated using the standard deviation of the difference in 
scores (Day 2–Day 1 data). This was divided by the square 
root of 2. The intraclass correlation coefficients (ICC) for 
Trial 1 and for the average of three trials across days were 
also calculated. For this test, a two-way mixed model was 
used with the mode of assessment (days) as the fixed vari-
able, and the subjects as the random variable15. As an addi-
tional indication of measurement error in the form of within-
subject variation but closely related to the typical error 
calculated above, we also calculated Bland and Altman 95% 
limits of agreement. Data were plotted using Bland and Alt-
man graphs16 to demonstrate the distribution of error across 
days for Trial 1 and for the average of three trials. The statis-
tical analysis was undertaken using Statistical Package for 
Social Sciences (SPSS) Version 13.0 (Chicago, Illinois). The 
alpha-level was set at 0.05. 

Results

Subjects

All of the subjects completed the study. The demographic data 
are presented in Table 1 and include means and standard de-
viation for subject age, height, and mass. On analyzing the 
ROM data, there was one outlier. On further questioning, it 
was revealed that this subject took part in a significant cycling 
session one day prior to his second test and failed to inform 
the researchers, and this event may have subsequently af-
fected his data. His data were, therefore, discarded. 

Comparison across Trials and Days

Descriptive statistics for knee flexion angle in the slump 
position with cervical flexion and cervical extension position 

are presented in Table 2. The findings of the two-factor re-
peated measures ANOVA for both cervical flexion and exten-
sion conditions showed a significant difference with a mean 
magnitude of 2° across trials for both conditions (P<0.05). 
Pair-wise contrasts showed that the knee extension angle 
was significantly less in the first trial compared to later trials 
for both flexed and extended cervical spine conditions, show-
ing a clear positive effect of repetition on our dependent vari-
able of knee extension ROM. However, supporting our hy-
pothesis of reliability across days, there was no significant 
difference across days (P>0.05). There was no interaction ef-
fect (P>0.05) across day and trial factors. 

With regard to the reliability testing, for the cervical flex-
ion position, the ICC for the mean of the three trials across 
days was 0.96 (lower limit of 95%CI: 0.90). Taking into ac-
count the demonstrated increase in knee extension AROM 
with successive trials, we also calculated the ICC for the first 
trial only. The ICC for trial 1 across days was 0.95 (lower limit 
of 95%CI: 0.86) (Table 3). For the cervical extension position, 
the ICC for the mean of the three trials across days was 0.93 
(lower limit of 95%CI: 0.83) and for Trial 1 only, across days 
it was 0.95 (lower limit of 95%CI: 0.87) (Table 3).

With regard to measurement error, the typical error for 
the flexed and extended positions averaged across trials was 
2.6° and 3.3°, respectively. For Trial 1 only, the typical errors 
were 2.4° and 2.7°, respectively. Bland and Altman limits of 
agreement are provided in Table 4; Bland and Altman plots 
are presented in Figure 4.1–4.4. They show that there is no 
systematic pattern in the differences between days. 

Table 1.  Patient demographics (means 
and standard deviations)
	 Number	 Age (yrs)	 Height (cm)	 Mass (kgs)
Subjects	 20	 30.1 (6.4)	 174.1 (9.0)	 74.5 (15.0)

Table 2.  Descriptive statistics for the 
knee flexion angle across trials and days in 
the slumped and extended positions

	 	 	 Std. 	
	 n	 Mean	 Deviation

Cx Flexion 	 19	 Trial 1	 34.1	 12.5
	 Day 1		  Trial 2	 33.6	 13.1
			   Trial 3	 32.3	 13.3
Cx Flexion 	 19	 Trial 1	 33.2	 11.4
	 Day 2		  Trial 2	 31.3	 12.0
			   Trial 3	 30.3	 12.7
Cx Extension 	 19	 Trial 1	 27.6	 11.8
	 Day 1	 	 Trial 2	 27.0	 12.5
			   Trial 3	 26.1	 12.7
Cx Extension	 19	 Trial 1	 26.8	 11.4
	 Day 2	 	 Trial 2	 25.7	 12.2
			   Trial 3	 25.2	 13.1

Cx = cervical
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Table 3.  Intraclass  correlation coefficient for cervical flexion and extension positions

	 Averaged across days	 Trial 1 only across days 
	 ICC (lower limit 95% CI)	 ICC (lower limit 95%  CI)

Cx Flexion	 0.96 (.90)	 0.95 (.86)
Cx Extension	 0.93 (.83)	 0.95 (.87)

ICC = intraclass  correlation coefficient; Cx = cervical

Table 4.  Bland and Altman analysis—bias and limits of agreement for knee flexion angle in 
the slump and extended positions

	 95% limits of agreement 

	 Bias	 SD of bias	 From	 To

Cx Flexion 	 –1.7	 3.6	 -8.8	 5.4
Cx Flexion (Trial 1)	 –0.9	 3.4	 –7.6	 5.8
Cx Extension	 –0.9	 4.6	 –10.0	 8.2
Cx Extension  (Trial 1)	 –0.7	 3.8	 –8.2	 6.8

Cx = cervical, SD = standard deviation
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Fig. 4. Bland and Altman graphs of knee flexion angle difference from day 1-2 across the average angle for: 

Fig 4.1 (A).  
(top left) Trial 1 in 
the cervical flexion 
position.

Fig. 4.2 (B). 
(bottom left) The 
average of the 
three trials in the 
cervical flexion 
position.

Fig. 4.3 (C).  
(top right) Trial 
1 in the cervical 
extension position.

Fig. 4.4 (D). 
(bottom right) 
The average of the 
three trials in the 
cervical extension 
position.
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Discussion

The goal of the study was to investigate whether knee exten-
sion AROM during a modified slump testing could be reliably 
measured across trials within one day and across days. The 
results indicated that this parameter was indeed reliable 
across days. This study showed that there was no significant 
difference (P<0.05) for knee extension AROM across days in 
this modified slump test position both with the neck flexed 
and extended. The ICC value both for the first trial and the 
mean of three trials across days for both test conditions ex-
ceeded 0.90 and was thereby above the recommended level 
for clinical tests17. These ICC values are comparable to those 
reported for the active knee extension test and KinCom 

studies measuring knee extension ROM18-20.
While these ICC values provide a measure of reliability, 

they do not allow the researcher or clinician to appreciate the 
magnitude of error in the units of measurement, in this case 
ROM. For this purpose, we also calculated the typical error 
and the limits of agreement and also provided the Bland and 
Altman plots. For the fully slumped and neck-extended posi-
tions averaged across trials, the typical error was 2.6° and 
3.3°, respectively. For Trial 1 only, the typical errors were 2.4° 
and 2.7°, respectively. The Bland and Altman plots also showed 
that there was minimal bias in the joint angles across days 
and that the distribution of errors was random across the 
range of measured angles. Together with the narrow 95% 
limits of agreement, these findings provide further indication 
of a high degree of reliability in the measurement of knee 
angle in the modified slump test position. 

It is worth noting that the current study showed an in-
crease in knee extension AROM with a mean magnitude of 2° 
occurring during the course of the three trials of slump test-
ing. Fidel et al9 also observed an increase in ROM during re-
peated slump trials: they reported increases of 5.6° and 3.1° 
with the cervical spine in flexion and extension, respectively, 
following 10 repetitive knee extension movements. No other 
studies investigating knee extension ROM during the slump 
test1,7-11 have reported on this phenomenon. Although there 
was a significant difference across trials, the mean magni-
tude of 2° was small and did not exceed the typical error cal-
culated; therefore, its clinical importance is debatable. The 
mechanism behind the difference across trials probably re-
flects changes in viscoelasticity and stretch tolerance21,22. If 
anything, this finding indicates that researchers/clinicians 
should be consistent. If they do only one trial at day one, they 
should only do one trial at day two of testing; similarly if they 

do three trials on day one, then they should do three trials on 
subsequent days. 

The methodology described in this study may be partic-
ularly useful for those clinicians with access to a dynamom-
eter such as a Kincom. Its use allowed good fixation of the 
participants and enabled controlled knee extension to occur. 
Although not used in the current study, it would be possible 
for the clinician to use the dynamometer readings of knee 
angle rather than the electrogoniometer used here. Further-
more, from a clinical perspective, if the patient reaches full 
knee extension without the reproduction of symptoms or 
cannot tolerate the long sitting position, elevating the thigh 
while in the sitting position may be an additional or alternate 
way to increase the tension within the nervous system. Con-
sistent with a treatment option suggested by George23, Cle-
land et al6 treated subjects with non-radicular low back pain 
with slump stretches in the long sitting position. Subjects 
then had neck flexion applied by the therapist. For patients 
who cannot tolerate this position, increasing hip flexion 
might be an intermediary step and these patients could then 
progress to the long sitting position as symptoms improve. 
For clinical researchers, this modified set-up for the test us-
ing the Kincom dynamometer and elevated thigh position 
may be useful in determining the mechanosensitivity of the 
nervous system.

Conclusion

This study examined the measurement error and the reliabil-
ity of measurements within trials on a single day and across 
days of knee extension AROM in a modified slump test posi-
tion involving increased hip flexion in asymptomatic sub-
jects. The findings showed that there were no significant dif-
ferences across a two-day interval for the full or neck-extended 
slump positions. The ICC values calculated for agreement in 
both positions tested across days were high and sufficient for 
clinical use. Typical error values were low and limits of agree-
ment were narrow, indicating minimal measurement error. 
Across trials within the same day, a statistically significant 
difference was noted, but its implications seem limited, as its 
magnitude did not exceed the calculated typical error values. 
Further research into this test variation in symptomatic sub-
jects is required, but this modified slump test holds potential 
value for clinical researchers interested in quantifying the 
mechanosensitivity of the nervous system. n
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