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Abstract After injuries to the anterior cruciate ligament
(ACL) a functional instability is frequently observed
which has been attributed to a disturbed sensorimotor
function. In light of the clinical importance of ACL
injuries and the resulting functional instability, it is of
enormous clinical interest to elucidate the role of senso-
rimotor pathways that involve the ACL. In animals and
humans a direct reflex pathway between the ACL and the
hamstrings has been shown. The onset latencies of
responses reported after ventral tibia translation were
around 40–50 ms (range 17.9–65) and were regarded as
medium latency responses (MLR). However, ventral tibia
translation should also induce a stretch of the hamstring
muscles and evoke a short latency response (SLR). Before
any muscle response after ventral tibia translation can be
ascribed to anatomical structures, it is crucial to analyze
the obtained muscle responses carefully. The aim of the
present study was the development of an algorithm to
differentiate SLR and MLR responses after ventral tibia
translation. In ten healthy subjects reflex responses of the
hamstrings after anterior tibia translation and after tendon
taps on the biceps femoris tendon were evaluated. To
investigate the influence of skin afferents, control experi-
ments were performed after lidocain injection of the dorsal

calf. The mean onset latency of the tendon jerk reflex was
21.9±3.1 ms (range 17.3–28.7 ms). Both SLR responses
(mean onset latency: 20.3±3.5 ms; range 15.4–25.8) and
MLR responses (mean onset latency: 38.9±4.2 ms; range
32.9–46.7) were obtained in all subjects. Skin afferents
from the calf do not play a major role. The development of
an evaluation algorithm is presented that allows a safe
differentiation between these partly superimposed SLR
and MLR components. It is demonstrated that by
measuring the first part of the SLR from the onset to the
first peak the end of the SLR can be predicted and that the
onset latency of the MLR component can be assessed
reliably. Possible reasons are discussed why previous
studies only reported responses at MLR latencies. The fact
that both SLR and MLR components can be observed after
anterior tibia translation underlines the necessity to
differentiate the responses before they can be ascribed to
any anatomical structures. As a basis for future work the
algorithm presented may become a useful tool to differ-
entiate which afferent pathways play a role in initiating
hamstring activity.

Keywords Anterior tibia translation . Hamstring activity .
Human . Medium latency response . Short latency
response

Introduction

Instability of the knee joint causes meniscal and chondral
lesions which often require costly therapy. After injuries of
the anterior cruciate ligament (ACL) a functional instabil-
ity is frequently observed apart from a mechanical
instability. This functional instability has been attributed
to a disturbed sensorimotor function (Friden et al. 2001;
Reider et al. 2003). Clinically it is characterized by a
giving-way pathology, despite sufficient mechanical sta-
bility after reconstruction of the ACL. Beard et al. (1993)
suggested that an altered reflex response of the hamstrings
which are synergists of the ACL (More et al. 1993;
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Durselen et al. 1995; Imran and O’Connor 1998) may play
an important role.

In animal and human studies a direct reflex pathway
between the ACL and the hamstrings was shown (Gruber
et al. 1986; Solomonow et al. 1987; Miyatsu et al. 1993;
Dyhre-Poulsen and Krogsgaard 2000; Fujita et al. 2000;
Krogsgaard et al. 2002). Histological studies identified
numerous sensorimotor receptors such as Ruffini’s cor-
puscles, pacinian corpuscles, Golgi’s tendon organs and
free nerve endings in the ACL and other ligamental
structures of the knee joint (Freeman and Wyke 1967;
Schultz et al. 1984; Zimny et al. 1986; Schutte et al. 1987;
Sjolander et al. 1989; Haus and Halata 1990; Biedert et al.
1992; Haus et al. 1992; Raunest et al. 1998). Additionally
the muscle spindles as well as the Golgi tendon organs
play an essential role in the reflex responses of the knee
joint (Solomonow and Krogsgaard 2001). On account of
the different muscles which insert at the knee and the
various receptors of the knee joint, a complex muscle
response to a mechanically induced anterior tibia transla-
tion can be expected. Different studies have reported
multiphasic muscle responses at the ankle joint. Depend-
ing on their latency they were classified as short latency
response (SLR), medium latency response (MLR) and
long latency response (LLR) (Dietz et al. 1980; Dietz and
Berger 1982; Diener et al. 1984; Toft et al. 1989; Grey et
al. 2001). The SLR and MLR responses in the M. soleus
are superimposed. A clear differentiation between SLR
and MLR is only possible in the more distal M. flexor
digitorum brevis in taller subjects (Schieppati et al. 1995;
Nardone et al. 1996).

Data of reflex responses of the hamstrings induced by
ventral tibia translation are rare. Using similar methods,
Beard et al. (1993, 1994c) and Jennings and Seedhom
(1994) reported mean onset latencies of 49 and 41 ms,
respectively. They suggested that the muscle responses are
evoked by stimulation of the ACL and named it reflex
hamstrings contraction latency without describing a poly-
phasic shape of the response. Bruhn (1999) reported mean
latencies of 58–65 ms. Regarding the range of latencies,
the question arises whether these responses correspond to
SLR or MLR or simply to a mixture of both which has not
been analyzed thoroughly in these previous studies. Before
these responses can be assigned to ligamental structures of
the knee joint such as the ACL it is crucial to thoroughly
analyze the reflex response patterns in order to differen-
tiate SLR and MLR, which helps to identify possible
reflex pathways that mediate the complex response. The
first part of this response may be influenced by the
hamstring stretch reflex which occurs at latencies of 18–
24 ms (Faist et al. 1999). Therefore, the aim of the present
study was to develop an evaluation algorithm to differen-
tiate and to quantify the hamstring reflex responses after
anterior tibia translation.

Materials and methods

We investigated ten subjects (five male, five female, mean
age ± SD: 22±3 years, range 19–25) with no history of
orthopedic or neurological disease. The study was
approved by the ethics committee of the University of
Ulm (No. 77/2002) and all subjects gave written informed
consent.

General experimental arrangement

The experimental setting was modified following the
method reported by Beard et al. (1993). The subjects were
standing upright with 30° knee flexion and 5° outer
rotation of the feet. The thigh was blocked in ventral
direction above the patella, which was pressed against a
counter pressure plate. An accelerated piston driven by a
pneumatic cylinder (Festo, Ulm, Germany), generated a
force of 300 N in an posterior-anterior direction 10 cm
below the knee joint gap parallel to the tibia plateau in an
angle position of 30° (Fig. 1). The tibia translation was
recorded by a potentiometric position transducer (stroke
length: 0–30 mm; independent linearity ±0.25 to ±0.075%,
repeatability 0.002 mm; Novotechnik, Ostfildern, Ger-
many) applied to the tuberositas tibiae. This position
system allowed for the assessment of the actual onset of
the tibia translation and was used as a trigger for the
calculation of latencies. In each subject 50 trials were
performed on the left leg. One trial consisted of six
consecutive single measurements, which were averaged
off-line. A break of approximately 5 s was interspersed
between the individual trials. Thus, 300 measurements
were performed for each subject. By averaging six
measurements to one trial, the variability of single
measurements was eliminated. On the other hand, a
number of 50 trials still allowed to identify different
patterns of responses (see evaluation algorithm below). By
visual control only trials with exactly superimposed trigger
signals (sampling rate 5,000 Hz) were evaluated. The
onset (SLR, MLR) was set manually for each trial using
the criteria of the evaluation algorithm described below.

Pilot studies and additional experiments

In a pilot study with ten subjects we assessed the minimum
translation velocity of the tibia in relation to the femur
required to obtain a reproducible reflex response of the
hamstrings. We found that the minimum velocity required
to obtain a reliable reflex response in all subjects was
0.03 m/s. In a second set of experiments the force was
varied from 50 to 300 N in seven steps by approximately
40 N to examine the effect on the EMG configuration and
latencies. We found an increase of the amplitude with
increasing force but no further systematic effect on the
signal configuration or on the latencies. While for 50 N no
reliable response could be obtained, for 90 N eight out of
ten subjects showed a clear SLR and for more than 140 N
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a response was observed in all subjects. SLR latencies did
not vary significantly between any of the six forces tested
above 50 N (e.g., 19.4±3.8 ms for 90 N, 21.2±5.3 ms for
180 N, and 19.9±3.7 ms for 300 N; p =0.857; ANOVA).
To obtain reproducible responses, a force of 300 N was
chosen for the main study.

To investigate the influence of cutaneous afferents on
the reflex response in five subjects, the skin of the dorsal
calf was anesthetized by lidocaine injection. The effi-
ciency of the anesthesia was assessed clinically by a
painful stimulus to the skin using a needle. Other groups
used acceleration sensors to trigger the EMG signal (Beard
et al. 1993, 1994b; Jennings and Seedhom 1994). As we
used a position transducer, we performed additional
experiments in three subjects where we used both a
position transducer and an acceleration sensor in parallel.

Tendon jerk reflex

In each subject the tendon jerk reflex as a mainly
monosynaptic reflex (Burke et al. 1984) was evoked in
the lateral and the medial hamstrings on the left leg with a
reflex hammer. The reflex hammer was connected to an
acceleration sensor (10 G, Biovision, Weilheim, Germany)
to assess the latency of the tendon jerk reflex after the
impact of the hammer. The subjects were tested in the

Fig. 1 Experimental setup: the subjects were standing upright with
30° knee flexion and 5° outer rotation of the feet. The thigh was
blocked in ventral direction above the patella, which was pressed
against a counter pressure plate (1). The tibia translation was
recorded by a position transducer motion sensor applied to the
tuberositas tibiae (2). An accelerated piston (3) driven by a
pneumatic cylinder (4) generated a force of 300 N in an posterior-
anterior direction 10 cm below the knee joint gap parallel to the tibia
plateau in an knee angle position of 30°

Fig. 2 The tendon jerk reflex
signal was subdivided into three
sections: section ( B) of the
signal until the first amplitude
(B), the second from the first to
the second amplitude ( PP) and
the third section from the second
amplitude until the end of the
signal ( E). The duration of each
of these three sections was
determined. One single EMG
response is shown. First row:
rectified signal of medial ham-
string. Second row: raw signal
from medial hamstring
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same standing position as during the tibia translation
experiment. A position transducer was used to check that
in all subjects no tibial motion occurred. In three subjects
additional experiments were performed using the Achilles
tendon jerk reflex in the M. soleus in a prone position.

Electromyography

The surface EMG was recorded with pairs of disk
electrodes (Arbo Ag/AgCl-Sensor, Tyco Healthcare,
Neustadt, Germany, diameter 0.5 cm, distance 2 cm)
placed above the muscle bulge of the medial and lateral
hamstrings in the middle between knee joint gap and
buttocks gap. Additionally, the m. vastus medialis was
recorded 2–3 cm medially and 5 cm proximally from the
upper patella rim. The reference electrode was placed on
the malleolus medialis. The skin was shaved and grease
was removed with alcohol (Basmajian and De Luca 1985).
EMG signals were amplified and recorded at a sampling
rate of 5,000 Hz. Raw data were taken without frequency
filter and EMG analysis was performed with a measuring
and evaluation software (Daisy Lab Biovision, Weilheim,
Germany). For further analysis the EMG signals were
rectified, averaged and a 10 Hz high pass filter (type:
Butterworth; order: 6) was used.

Evaluation algorithm to differentiate SLR and MLR
after tibia translation

Reflex pathways of the hamstrings are shorter than those
of the ankle joint muscles and therefore the difference

between the onset latency of SLR and MLR is smaller. To
differentiate the superimposed responses, it is crucial to
determine the end of the SLR part. Even at the ankle joint
muscles with its longer reflex pathways this end of the
SLR is not always recognizable reliably in the complex
reflex response with a subsequent MLR (Grey et al. 2001).
The reflex pathway of the SLR corresponds to the tendon
jerk reflex arc. Therefore, as the first step, the hamstring
tendon jerk reflex was analyzed in each subject in a
separate experiment as described above. A typical EMG is
shown in Fig. 2 with a biphasic reflex response. This was
divided into three parts: i) from the first onset to the first
peak (B); ii) the peak to peak (PP); and iii) from the
second peak to the end (E). The duration of each of these
three sections was determined. It is important to note that
the onset latencies and the first peak latencies of the
tendon jerk reflex (see part B in Fig. 2) are very similar to
the corresponding latencies of the first part of the SLR
component after tibia translation (Fig. 3). This first part of
the SLR is not yet contaminated by the MLR. Therefore, it
was checked whether the analysis of the first part (B) in
the tendon jerk reflex was sufficient to predict reliably the
end of the tendon jerk reflex. Assuming corresponding
reflex pathways of the tendon jerk reflex and the SLR
component, this would allow to predict the end of the SLR
within the complex muscle response after tibia translation.
In the tendon jerk reflexes a constant relation can be
shown between the first part (see Fig. 2, B) and the
remaining parts (see Fig. 2, PP and E). This constant
relation allows for the assessment of the duration of the
tendon jerk reflex by just measuring the first part (see
Results).

Fig. 3 Signal configurations:
group S: only SLR; group M:
only MLR; group Sm: SLR
higher than MLR (ratio: highest
amplitude SLR/MLR>1.1);
group sM: SLR smaller than
MLR (ratio<0.9); group SM:
SLR=MLR (ratio 0.9–1.1). First
row: rectified signal of the me-
dial hamstring. Second row: raw
signal of the medial hamstring.
Third row: trigger signal from
the tibia. Fourth row: tibia
translation
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The more complex EMG response after tibia translation
shows basically three different patterns: either peaks only
at the SLR latency (group S) or at the MLR latency (group
M) or most frequently a combination of both (group SM).
If the amplitudes of the SLR and MLR responses are
considered, group SM may be subdivided into three
patterns: group Sm, i.e., SLR higher than MLR (ratio:
highest amplitude SLR/MLR>1.1); group sM, i.e., SLR
smaller than MLR (ratio<0.9); group SM: SLR = MLR
(ratio 0.9–1.1) (Fig. 3). Each pattern may occur within the
same subject. Each of the 50 trials obtained was classified
and the distribution within the subjects is shown in
Table 1. A reliable evaluation algorithm to differentiate the
partly superimposed SLR and MLR responses should lead
to constant latencies for each component irrespective of
the ratio between SLR and MLR. The responses where
only peaks at the SLR latency occurred (group S) were
used to check whether assessing the duration from onset of
the EMG response to the first peak and then calculating
the end of the response was reliable to assess the duration
of the SLR.

As a further criterion for the differentiation of SLR and
MLR, the duration of section PP in the tendon jerk reflex
was used. EMG peaks occurring later than the maximum
duration of the PP were classified as MLR (see Fig. 2). In
case the first peak of the MLR was on the descent of the
SLR, the onset of the MLR was set at the turning point.

Statistical analysis

For statistical analysis SPSS® Software was used. After
calculating the mean latencies for each subject group
means, standard deviations, range, and the 95% con-
fidence intervals were calculated. Significance levels for
differences between means were assessed with Student’s t
-test or the ANOVA procedure where appropriate. A p
value <0.05 was considered significant.

Results

Tendon jerk reflexes

The onset of the tendon jerk reflex showed a mean latency
of 21.9±3.1 ms (range 17–28 ms). In none of the tendon
jerk reflex measurements were responses with an onset
latency compatible with MLRs, i.e., longer than 30 ms,
observed. There was no significant difference between the
lateral and the medial hamstrings (lateral: 21.3±3 ms,
medial 22.5±3.4 ms) or between the female and male
subjects (women: 20.5±2.5 ms, men: 23.0±3.1 ms). The
slightly shorter mean latency in female subjects may be
due to the difference in height and thus leg length (height
± SD: female 164.3±3.3 cm, male 186±3.3 cm). All further
mean values reported in this paper concerning the tendon
jerk reflex showed no significant differences regarding the
investigated side or gender. The overall duration of the
tendon jerk reflex EMG response (section B, PP and E; see
Fig. 2) was 15.7±4.5 ms (mean ± SD, range 9.9–22.6 ms).

The duration of the sections PP and E was expressed as
a ratio of section B. For section B we found a mean ± SD
duration of 4.8±1.3 ms; for section PP, 5.8±2 ms; and for
section E, 5.0±1.7 ms. The duration of interval PP was
significantly longer compared with B and E ( p <0.001).
The mean ratio (± SD) PP/B was 1.24 (±0.34; range 0.67–
1.68), the mean ratio (± SD) E/B was 1.04 (±0.2; range:
0.75–1.42). Thus, the mean factor to calculate the end of
the tendon jerk reflex using the duration of section B is
3.28 (range 2.42–4.1). First we checked whether this
factor of 3.28 can actually predict reliably the measured
individual duration of each single tendon jerk reflex. The
calculated values using simply this mean factor of 3.28
were compared to the measured individual duration of the
tendon jerk reflexes. To determine the most reliable value
for reflex duration time, we evaluated both the study group
mean value (= mean of measured individual duration of all
subjects, n =10) and the calculated value, which were
expressed as a percentage of the measured individual
duration. The calculated value for duration time showed a
mean (± SD) percentage of 101% (±16%), and for study
group a mean value of 108% (±31%). The 95% confidence
interval of the calculated values was 89–114%, and of the
study group mean values 84–132%. The calculated values
ranged from 82 to 129%, and the study group mean values
from 69 to 158%. Thus, the calculated value using simply
the duration of section B and the mean factor of 3.28 was
closer to the actually measured tendon jerk reflex duration
of the individual subject than the group mean duration. In
three subjects this method was also checked with the
Achilles tendon jerk reflex. The mean factor to calculate
the end of the reflex was 3.24 (subject 1:3.45±0.56,
subject 2:3.14±0.34, subject 3:3.10±0.32; 45 reflexes
analyzed per subject). The calculated value for duration
time showed a mean (± SD) percentage of 101% (±5%),
and for study group a mean value of 104% (±18%).

Table 1 Distribution of different response patterns after tibia
translation within each subject

Subject Group
S

Group
M

Group
Sm

Group
sM

Group
SM

Sum subject,
max. 50

1 3 11 1 9 5 29
2 21 1 6 3 10 41
3 3 9 9 5 8 34
4 0 20 5 8 7 40
5 16 2 11 10 11 50
6 2 4 20 1 11 38
7 2 4 29 7 3 45
8 1 9 2 2 3 17
9 8 4 25 9 2 48
10 2 5 19 17 4 47
Sum 58 69 127 71 64 -
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Reflex response after tibia translation

The mean anterior tibia translation was 3.2±0.8 mm (range
2.2–4.6 mm). The mean tibia velocity was 0.057 m/s
(range 0.05–0.07) which is distinctly above the threshold
value of 0.03 m/s necessary to evoke a reliable response in
all subjects (see Methods). In the complex muscle
response after tibia translation, the onset of the MLR is
superimposed by the end of the SLR (see Fig. 3).
Therefore, it is necessary to determine the end of the
SLR within the complex muscle response individually.
Assuming that the tendon jerk reflex is similar to the SLR
part of the complex signal, the algorithm described above
to calculate the end of the tendon jerk reflex response was
used to estimate the end of the SLR. In the EMG response
after tibia translation the first part of the SLR from onset to
the first peak corresponds to section B in the tendon jerk
reflex (Fig. 2) and is not yet contaminated by the MLR. In
nine subjects we found trials that showed only SLR
responses (Table 1). Using the same procedure as in the
tendon jerk reflex we could show that the algorithm to
predict the duration of the tendon jerk reflexes can also be
used for the SLR. The mean overall duration of the SLR
EMG response was 20.3±7.1 ms (mean ± SD, range 12.0–
34.9 ms). The calculated value for duration time showed a
mean (± SD) percentage of 99% (±11%), and the study
group a mean value of 134% (±41%). Table 2 summarizes
the algorithm that was used to assess the onset latencies of
SLR and MLR after tibia translation.

The mean (± SD) onset latency of the SLR EMG
response was 20.3 ms (±3.5; range 15.4–25.8). Compared
with the mean onset latency of the tendon jerk reflex of
21.9 ms (±3.1; range 17.3–28.7) there was no statistically
significant difference (p =0.088, Fig. 4). A detailed
analysis of the onset latencies looking at the group S
and group SM/sM/Sm signal configurations (Fig. 5)
showed no statistically significant differences for the
SLR latency between these groups.

The mean (± SD) onset latency of the MLR response
was 38.9 ms (±4.2 ms; range 32.9–46.7). Again, the

detailed analysis of the onset latencies looking at the
group M and group SM/sM/Sm signal configurations
(Fig. 6) showed no statistically significant differences for
the MLR latency.

Additional experiments

In the five subjects investigated after lidocain injection of
the dorsal calf no significant differences of the SLR (18.1
±4.4 ms) and the MLR (40.5±8.7 ms) latencies were found
compared with the untreated trials (SLR 19.1±4 ms and
MLR 38.8±7.1 ms).

In those three subjects that were investigated with a
position transducer and an acceleration sensor in parallel, a
difference of 14.9±4.3 ms (range 8.8–22.6) for the trigger
point determination of the tibial movement between these

Table 2 Algorithm for the differentiation of hamstring—SLR and MLR. Evaluation was performed by the signal of the medial hamstring,
if not possible by the signal lateral hamstring

Evaluation algorithm for SLR and MLR responses: each of the following points is marked with a cursor by visual inspection of each trial
(one trial = average of six measurements)

1. Onset
SLR

First steep EMG-rise followed by a peak overshooting at least 5 SD of the prestimulus EMG (latency >12 and <30 ms after
begin of tibia translation)

2. SLR peak Largest peak of the averaged signal within 10 ms after SLR onset
3. End SLR End of descent after the 2nd peak, i.e. either returning to baseline or the turning point if followed by a MLR signal. The time

where this turning point most probably can be found is calculated: onset latency in ms of SLR until first peak multiplied by
3.28 (= individual duration of each trial). Additionally the following values can be used to check the plausibility of a
suspected turning point as the end of the SLR nearby the calculated value: mean PP time: 5.8 ms, SD 2.4 ms, max. value
11 ms; mean duration of SLR: 15.7 ms, SD 4.5 ms, max. value 23 ms

4. Onset
MLR

First steep EMG rise after the end of SLR followed by a peak overshooting at least 5 SD of the prestimulus EMG (= MLR
peak), onset of MLR may lie in the descent of the SLR (if no SLR present: onset MLR = first steep EMG rise >30 ms after
tibia translation)

5. MLR peak Largest peak of the averaged signal within 15 ms after MLR onset

Fig. 4 The mean (± SD) onset latencies: tendon jerk reflex (TJR)
21.9±3.1 ms; SLR 20.3±3.5 ms. No statistically significant
difference was found (p =0.088)

6



two sensors was found, so that the acceleration sensor
increases the latency values.

Discussion

In the present study we found that an anterior translation
of the tibia evokes a reflex response that could consist of
two main components: the first occurs at a latency of
around 20 ms, which corresponds to the latency of a SLR;
the second component occurs at 39 ms, which corresponds
to the latency of a MLR. We developed an evaluation
algorithm which allows a safe differentiation between the
SLR and MLR components.

SLR

Faist et al. (1999) reported for the tendon jerk reflex of the
biceps femoris latencies of 20 ms (range: 18–24), which is
comparable to the present results. Our results of the tibia
translation responses showed for the fastest component a
mean latency of 20 ms, compatible with a SLR which is
mainly mediated by the monosynaptic reflex arc. Taking
into account the low range for tendon jerk reflex latencies
(maximum 24 ms) reported by Faist et al. (1999), a latency
of more than 30 ms after the onset of the tibial movement
cannot be regarded as a SLR and was therefore regarded as
a MLR and a missing SLR.

MLR

In our study the mean latency for the MLR was 38.9 ms.
When we calculated the reflex times using the evaluation
algorithm described above, we could clearly differentiate
between SLR and MLR. Group M reflex responses
represent isolated MLRs without superimposed SLRs
(see Fig. 3). There was no significant difference between
the latency of group M reflex responses and the MLR
latency of the complex signals of the remaining groups
(SM, Sm, sM). This demonstrates that with the developed
evaluation algorithm it is possible to differentiate between
SLR and MLR independent of the shape of the super-
imposed SLR/MLR response. Grey et al. (2001) argued
that it is not possible to perform this differentiation merely
by visual inspection. Because of this they gave no data for
the latency of the MLR. Our results support the view that
in many cases the visual differentiation is not possible.
However, the presented evaluation algorithm allows it.
Grey et al. (2001) reported a difference of the onset
latency between SLR and MLR of 25 ms for the M. triceps
surae. Toft et al. (1989) found a difference of 27 ms when
they measured peak latencies. The reason for the smaller
difference of 18.6 ms in our results can be explained
sufficiently with the shorter reflex pathways from the knee
joint (Grey et al.2001). Our reflex latencies of the MLR
are similar to the latencies reported by Beard et al. (1994c)
and Jennings and Seedhom (1994). Neither Beard nor
Jennings (Beard et al. 1993, 1994a, c; Jennings and
Seedhom 1994) reported mean latencies below 40 ms,
while we have found in most measurements responses
compatible with SLRs. In their studies the subjects were
standing on one leg and the tibia translation was evoked
with a lower force of 89 N. To rule out that the lower force
is responsible for this difference, we performed additional
experiments in ten subjects where we varied the force from
50 to 300 N. We found a substantial effect neither on the
signal configuration nor on the latencies, while the
amplitude was increasing with increasing force.

Beard et al. (1994c) and Jennings and Seedhom (1994)
refer their latencies to the first distinguishable onset after
the trigger signal and report latencies in the range of
MLRs, while our results suggest that in most subjects
SLRs should be found. A possible explanation can be the

Fig. 5 SLR latencies (mean ± SD) between the different signal
configurations. No significant differences were found

Fig. 6 MLR latencies (mean ± SD) between the different signal
configurations. No significant differences were found
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trigger signal. Beard et al. (1994c) and Jennings and
Seedhom (1994) determined the onset of the tibial
movement with an acceleration sensor. In our study the
onset of the actual tibial movement was assessed by a
position transducer. An acceleration sensor records an
acceleration even if the examined structure has not yet
covered a relevant distance. With that the trigger point is
moved forward in time through the acceleration sensor and
consequently the latency is prolonged. This may explain
why the reflex latencies published by Beard (Beard et al.
1994c) and Jennings and Seedhom (1994) are in the range
of the MLR although it actually may be a SLR. In
additional experiments with three subjects we used in
parallel a position transducer and an acceleration sensor
attached to the tibia. Between these two sensors we found
a difference of approximately 15 ms for the trigger point
determination of the tibial movement.

In contrast to the pneumatic cylinders used by Beard
(Beard et al.1993, 1994a, c; Jennings and Seedhom 1994),
Bruhn (1999) induced a force impulse in posterior-anterior
direction through a block-and-tackle-construction. Differ-
ent from our experimental setting, the femur was not fixed
ventrally. The subjects were standing freely with full
weight bearing. Bruhn (1999) reported a latency of 58–
65 ms. They also observed complex muscle responses
with several peaks as we found in our results (unpublished
data, personal communication Bruhn).

From the present experiments the pathways involved in
the MLR evoked by an anterior tibial translation cannot be
determined. Beard et al. (1993, 1994c), Jennings and
Seedhom (1994) and Bruhn (1999) suggested that these
reflex responses are related to the cruciate ligament—
hamstring reflex. A contribution of the cruciate ligament to
the hamstring reflex activity was shown by Krogsgaard et
al. (2002) and Dyhre-Poulsen and Krogsgaard (2000).
They showed EMG responses with different latencies after
electrical stimulation of the cruciate ligaments. Jerosch
and Prymka (1997) demonstrated that meniscal injuries
may induce disturbances of the sensorimotor system
which result in a disturbed regulation of the hamstring
muscles. Valgus positional perturbations of the human
knee can elicit reflex muscle contractions in the ham-
strings (Dhaher et al. 2003). However, the actual influence
of ligamental structures of the knee joint on reflex activity
in the hamstrings that may be altered after knee injury
remains unclear and requires further studies. To investigate
the contribution of different anatomical structures to the
muscle response after tibia translation, it is necessary to
reliably differentiate the complex muscle response. The
algorithm developed in this paper allows this clear
differentiation between SLR and MLR.
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