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     Deep tendon reflex is the involuntary reaction of muscle
spindles as a stretch is applied to the tendon1. The tendon stretch
leads to a sudden contraction of related muscles in response to
the stimuli2,3. Reflex assessment is important in the investigation
of abnormal motor systems4. The response is affected by many
factors such as gender, age, subject’s position, and mental
condition, which plays multiple roles in contributing to the
variation of reflex responses4-6. However, the  subject’s position,
mental and muscle condition leading to reflex variability are
unavoidable7,8. In addition, the elderly have been found to have
reduced reflex responses9,10. A previous study on the effect of
gender found higher reflex response in males compared to
females10. Height, which indicates the length of nerve
conduction pathway, is also found to influence reflex, and a
linear relationship between height and reflex response has been
reported11-13.        
     Extensive research has been conducted over the years to
quantify reflex response. Most of the existing studies that
quantify deep tendon reflexes involved the use of manually
operated hammer attached to a sensor. The study of Stam and
van Crevel used a reflex hammer attached to a piezo-electric
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ORIGINAL ARTICLE

transducer to collect input data13. Husemann and Behse
measured the patellar tendon reflexes using a reflex hammer
connected to a piezo-element14. Ogawa et al produced latency
value of the Achilles tendon reflex from groups of workers
exposed to lead; the study used a manual reflex hammer
generating short circuit as the triggering pulse during the tendon
tap12. 
     Surface electromyography was used to measure reflex
responses in many studies including those mentioned above12-14.
Other studies required attachments of sensors on the body parts
which restrained movements of the subject15,16. Such fixations
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on subjects might lead to discomfort and affect the natural
response of a reflex17. Therefore, a reflex quantification method
that allows subject to remain comfortable and relax throughout
the test is required for more accurate measurements. Motion
analysis that avoids major fixations on the subject was proposed
for this study. The method, which required only the attachment
of reflective markers, allowed subjects to sit with their desired
position. Thus, the possibility to develop anxiousness during the
experiments could be minimized.           
     The Jendrassik manoeuvre (JM) is a well-known technique of
reinforcement applied during the encounter of unresponsive
tendon reflexes5. This method of reinforcement is performed by
mental distraction such as teeth clenching or pulling apart the
hooked fingers18. Though JM was practised widely in clinical
neurology and its efficacy was statistically proven10,11, the
magnitude of its impact on tendon reflex was not previously
measured. 
     The assessment of tendon reflex latencies is very useful in the
diagnosis of neurological disorders especially peripheral
neuropathies and radiculopathies11. The conduction time or
velocity along the peripheral nerve, particularly the proximal
segment, is evaluated by obtaining measurements of tendon
reflex latency11,12,19.
     The aim of this study was to quantify the amplitude and
latency, and to establish the normality of patellar tendon reflex in
normal subjects using motion analysis. In addition, we also
aimed to determine the factors affecting the reflex amplitude,
and to measure the magnitude of the impact of JM.

METHODS
   One hundred volunteers, 50 males and 50 females, aged 21 to
32 years were recruited in this study. All volunteers were healthy

with no past and present history of neurological disorder or
diabetes mellitus. This study has been approved by a board in the
Department of Biomedical Engineering of the University of
Malaya. Written consent was obtained from the participants. 
     An ordinary Queen Square reflex hammer was used to elicit
reflexes in all experiments. Patellar tendon reflex examination
was performed by trained physician under the recording of
motion analysis system Vicon Nexus 1.6 (Oxford Metrics,
Oxford, UK). Sixteen reflective markers were attached on the
lower limb of the subject according to the Plug-in-Gait Marker
Placement20. During the test, each subject was requested to sit
upright with both legs not touching the ground; movements of
the body were not restricted. If symptoms of anxiety such as
muscle tension were noticed in the subject, the experiment
would be stopped and reinitiated after a minimum of five
minutes’ rest. 
     The assessment of patellar tendon reflex began with the left
leg, followed by the right. For each experiment, the patellar
tendon was tapped with tapping angle of 15°, 30°, 45°, 60°, 75°,
and 90°, measured from the longitudinal line parallel to the long
axis of the leg, as shown in Figure 1. Velocities were calculated
from the coordinates of reflex hammer collected in the
experiments. The maximum velocity of the reflex hammer was
defined as the tapping velocity in a single trial. Five taps were
applied to the tendon at every tapping angle with an interval of
10 to 15 seconds between each tap. Jendrassik manoeuvre was
performed in each subject, in which the subject was asked to
interlock and pull the fingers apart, and five taps at tapping angle
of 45° were applied with an interval of 10 to 15 seconds between
the taps. For every step, the best reflex response among all five
taps was documented.
     The reflective marker, which was attached at the lateral
epicondyle of the knee joint bilaterally, served as the reference
point during reflex examination. The difference of knee angle
between the static position and the maximum knee extension
was regarded as reflex amplitude, as shown in Figure 1. Reflex
latency was measured as the interval between tendon tap and the
onset of knee extension.

Figure 1: Measurement of tapping angle and reflex amplitude. The
tapping angle was measured from the longitudinal line parallel to the y-
axis of the knee joint. The reflex amplitude was measured as the
difference of knee angle (θ0 - θ1) between the static position (θ0,
approximately 90°) and the maximum knee extension (θ1, indicated as
dotted line).

               

Tapping angle (°) 

 

Mean reflex 

amplitude (°) 

Standard deviation 

15 0.18 0.20 

30 1.97 3.38 

45 5.25 6.05 

60 8.25 6.63 

75 8.63 7.54 

90 

 

9.53 

 

7.30 

 

 

 

Table 1: Mean and one standard deviation of reflex
amplitude in relation to tapping angle
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     Data according to input strength were analyzed using the
Pearson’s correlation coefficient and simple linear regression.
Comparisons of reflex amplitude between genders were done
using the independent student t-test. The effects of body side and
JM on reflex responses were analyzed using the paired t-test.
Lastly, the paired-t test was also used to compare the reflex
latency at different input strength. Statistical significance of
P < 0.05 was used for all tests unless otherwise stated.  

RESULTS
     The mean age of the subjects was 24.8 ± 2.2 years (21-32
years). 

Relationship between tapping strength and reflex amplitude 
     Patellar tendon reflex amplitudes in relation to different
tapping angles are shown in Table 1. Reflex amplitude was found
to increase gradually with the increase of tapping angle, an
indirect indicator of stimulus strength. 

     Reflex amplitude was strongly correlated with maximum
tapping velocity (Pearson’s correlation coefficient was 0.501, P
value < 0.001). Figure 2 indicates a linear relationship between
the two parameters, with a linear equation. 

Reflex amplitude between genders
     The reflex amplitude of male subjects was significantly
higher than female subjects at tapping angle of 15° (P = 0.035)
and 90° (P = 0.037), as shown in Table 2. Female subjects, on
the other hand, were showing greater reflex amplitude at tapping
angle of 30° and 45°, but the differences were not statistically
significant.

Left-right asymmetry in the patellar tendon reflex
     Left-right asymmetry was found in the patellar tendon reflex
in the study, in which the left knee had 26.3% greater reflex
amplitude compared to the right knee (6.29 ± 7.14° versus 4.98
± 6.33°, P < 0.001, n = 1200). The actual left-right difference in
mean reflex amplitude was 1.31°.

Effect of Jendrassik manoeuvre on reflex amplitude
     Patellar tendon reflex amplitude was found to significantly
increase by 34.3% with JM as compared to the baseline reflex
amplitude elicited at tapping angle of 45° without the manoeuvre
(7.05 ± 6.51° versus 5.25 ± 6.05°, P = 0.001, n = 400). The
changes in reflex amplitude with JM in all subjects were
calculated, and plotted in relation to the baseline reflex
amplitude (tapping angle of 45° without JM), as shown in Figure
3. The subjects were categorized into two subgroups; a group
with baseline reflex amplitude below the mean reflex amplitude
(small AMP) and a group with baseline reflex amplitude above
the mean (large AMP). A greater increase in reflex amplitude
with JM was found in the subgroup with small AMP, as shown
in Figure 3. For this subgroup, the increase of reflex amplitude
with JM was 79.51%. For subgroup with large AMP, 60.26%
exhibited a decrease in reflex amplitude with JM. 

Reflex latency
     As shown in Table 3, the latency of patellar tendon reflex
decreased gradually as the tapping angle increased. Reflex

Figure 2: Representative relationship between the maximum tapping
velocity and reflex amplitude.

* Statistical significance difference (P < 0.05)

             

 
Tapping angle (°) 

 
Male knee (n = 100) 

 
Female knee (n = 100) 

 
P value 

15 0.21 ± 0.24 0.15 ± 0.16 0.035* 

30 1.60 ± 2.81 2.35 ± 3.84 0.116 

45 4.20 ± 5.68 6.29 ± 6.25 0.116 

60 8.41 ± 6.74 8.09 ± 6.54 0.731 

75 8.29 ± 6.91 8.98 ± 8.14 0.519 

90 
 

10.6 ± 7.32 
 

8.46 ± 7.15 
 

0.037* 
 

       

 

Table 2: Comparison of reflex amplitudes (°, mean ± SD) between genders
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latency for tapping angle of 30° was significantly longer
compared to 60° (P = 0.011) and 90° (P = 0.019). Reflex latency
with tapping angle of 60° was also significantly longer than 90°
(P = 0.003). There was no significant left-right difference in
patellar tendon reflex latency. 

DISCUSSION

Relationship between tapping strength and reflex amplitude
     Normal values of patellar tendon reflex amplitudes in young
adults were established in this study. The quantified values still
show large variation and these mirror the results of some
previous studies6,13. In this study, the tapping angle is correlated
to the force applied to the tendon based on two physics theory,

i.e.; (1) the theory of conservation of mechanical energy, as
     where v is the tapping velocity, g is the
gravitational acceleration, L is the handle length of reflex
hammer, and θ is the tapping angle; (2) Newton’s second law.
The results showed significant effect of tapping force on reflex
amplitude. Thus, tapping strength must be taken into
consideration in clinical deep tendon reflex interpretation. On
the other hand, the mean reflex amplitude of 5.25° produced by
the tapping angle of 45°, an angle commonly used in daily
clinical practice21, might be difficult to observe. Reflex
quantification methods will enable clinicians to grade reflexes
more accurately.
The linear relationship between reflex input (maximum tapping
velocity) and output (reflex amplitude) was in agreement with
earlier studies22,23. Other studies found the relation between
stimulus and response to be logarithmic6,13,24,25. These
differences between other studies are due to variations in the
input parameters, e.g. peak tapping force24-26 and deceleration of
hammer6,13; and the output parameters, e.g. peak angular
speed24, peak reflex torque26, and electromyography
amplitude6,13.

Comparison of reflex amplitude between genders
     Female subjects of the study showed greater reflex
amplitudes than males at smaller tapping angles, indicated that
female has higher sensitivity to lower reflex input. Conversely,
male subjects exhibited higher reflex amplitude than female at
larger tapping angles, probably because male has greater muscle
mass to produce greater output when the reflex input is
optimised. The relationship between muscle mass and reflex
output, however, requires further exploration. In a clinical study
by Lim et al, healthy adult males have been shown to be more
likely to have hyperreflexia when compared to females, which is
comparable with our results obtained with larger reflex input10.  

Reflex asymmetry
     Left-right asymmetry of reflexes noted in this study has been
previously reported in healthy subjects, both in experimental13
and clinical studies10. Nevertheless, the difference noted in the
clinical study was not statistically significant, possibly because
the lack of sensitivity in bedside reflex assessment. In this study,

Figure 3: The change in reflex amplitude with JM in relation to the
baseline reflex amplitude elicited with tapping angle of 45° without the
manoeuvre (n = 200). Horizontal line indicates no change in reflex
amplitude with JM, and vertical line indicates the mean baseline reflex
amplitude. An increase in reflex amplitude with JM (as indicated by dots
above the horizontal line) was mostly found in the subgroup with small
AMP (as indicated by the dots left to the vertical line).

aP < 0.05 as compared to tapping angle of 60°; bP < 0.05 as compared to tapping angle of 90°.

                  

 

Tapping angle (°) 

 

Left  

 

Right 

 

Overall  

Mean ± SD n Mean ± SD n Mean ± SD n 

30 0.12 ± 0.04 32 0.16 ± 0.18 31 0.13 ± 0.10 a, b 63 

45 0.15 ± 0.17 69 0.11 ± 0.05 53 0.12 ± 0.11 122 

60 0.12 ± 0.08 97 0.11 ± 0.04 84 0.12 ± 0.06 b 181 

75 0.10 ± 0.05 83 0.11 ± 0.04 82 0.11 ± 0.04 165 

90 0.09 ± 0.04 94 0.10 ± 0.04 86 0.10 ± 0.04 180 

 

           

           

 

Table 3: Summary of patellar reflex latencies (s, mean ± SD) in general and the left and right
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the left-right difference was statistically significant with 26.3%
greater reflex amplitude in the left knee, though the actual
difference was just 1.31°.  The left-right asymmetry is postulated
to relate to the cortical dominance. Conversely, comparison
between participants with left and right handedness was not
performed, as limited by small sample size of left-handed
participants. The asymmetry could also be due to the fixed
sequence of testing, in which left side was tested first in all
subjects. Randomisation of the site of testing in future study will
resolve this possibility. 

The effect of Jendrassik manoeuvre
     The effect of JM was statistically proven in the study, with an
increase of reflex amplitude by 34.3%, comparable to previous
studies10,11. Nevertheless, what was not previously known is that
the effect of JM can be suppressing in those with strong baseline
reflex response, in addition to reinforcing in individual who
exhibit weaker reflex output. Previous study on JM indicated a
supraspinal influence on tendon reflex, postulated to be due to
reduction of tonic presynaptic inhibition27. This study, however,
suggests that JM has a modulation effect on tendon reflex, both
enhancing and inhibiting depending on the baseline reflex
response. Further neurophysiological study is required to
investigate the underlying mechanisms leading to the above
mentioned findings.  

Reflex latency
     The normal values of patellar tendon reflex latency are
established in this study according to tapping angle and side of
body. However, the values of reflex latency found in the study
are significantly higher compared to the latencies of other studies
using electromyography11,13,14,19. This is due to the increased
time taken for initial myofibrillar contraction to translate into
shortening of the muscle’s length and hence extension of the
knee. In addition, reflex latency is not a static value, regardless
of tapping strength. Latency comparison between individuals
with peripheral neuropathy and the control using a fixed reflex
input is needed to support its usefulness in clinical practice. 

Study limitation
     The present study was performed in the laboratory with static
cameras setup while reflective markers were attached to the
subject and reflex hammer. The application of stationary motion
capture system in clinical reflex assessment is in fact demanding
and laborious. Thus, future work includes modifications of the
approach in order to receive wide acceptance.
     Normality data that is limited by the small age range was also
a limitation of this study. Reflex measurements will be further
collected from different age groups that might serve as the
baseline reference for all ages. In addition, quantification of
other deep tendon reflexes is necessary to establish a complete
normality database, providing an objective alternative for reflex
assessment.

CONCLUSIONS
     The proposed technique produced quantitative normal values
of patellar tendon reflex amplitude according to different tapping
parameters, which has a great potential to be established as a
bedside tool in quantifying deep tendon reflexes. The variation
of patellar tendon reflex in healthy subjects remained high as
found in earlier studies.    
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