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Knee jerk responses in infants at high risk for cerebral palsy:

an observational EMG study

Elisa G. Hamer'?, Linze J. Dijkstra’, Siebrigje J. Hooijsma,', Inge Zijdewind® and Mijna Hadders-Algra’

BACKGROUND: Following our clinical observation of tonic
responses in response to the knee jerk in infants at very high
risk for cerebral palsy (VHR infants), we systematically studied
tonic responses, clonus, and reflex irradiation. We questioned
(i) whether these responses occurred more often in VHR infants
than in typically developing (TD) infants, and (ii) whether they
were associated with abnormal general movement quality.
METHODS: Twenty-four VHR and 26 TD infants were assessed
around 3 mo corrected age. Surface electromyograms of leg,
trunk, neck, and arm muscles were recorded while eliciting the
knee jerk. All assessments were video-recorded.
RESULTS:VHR infants more often than TD infants showed tonic
responses in the ipsilateral quadriceps and hamstring (Mann-
Whitney U; P = 0.0005 and P = 0.0009), clonus (Chi-square; P =
0.0005) and phasic responses in the contralateral quadriceps
and hamstring (Mann-Whitney U; P = 0.002 and P = 0.0003,
respectively). Widespread reflex irradiation occurred in VHR
and TD infants. Definitely abnormal general movements and
stiff movements were associated with tonic responses (Mann-
Whitney U; P = 0.0005, P = 0.007, respectively) and clonus
(Mann-Whitney U; P = 0.003 and P = 0.0005) in the ipsilateral
quadriceps.

CONCLUSION: Similar to clonus, tonic responses may be
regarded as a marker of a loss of supraspinal control. Reflex
irradiation primarily is a neurodevelopmental phenomenon of
early ontogeny.

One of the most well known items of the neurological exam-
ination is the knee jerk, i.e., the patellar tendon reflex. A
tap on the patellar ligament rapidly stretches the quadriceps
muscle. The muscle spindles signal the stretch and activate
motoneurons in the spinal cord via a direct synaptic connec-
tion, which causes the quadriceps muscle to contract. In adults,
the afferent fibers also activate inhibitory interneurons, which
in turn inhibit the motoneurons of the antagonist muscles.
Stretch reflex activity in infants differs from that in adults
(1,2). First, newborn infants may show reciprocal excita-
tion, i.e., electromyography (EMG) activity at monosynaptic

latencies in the antagonist muscle in response to a tendon tap
(1,3,4). Second, infants may demonstrate reflex irradiation:
activity in nearby muscles other than the agonist-antagonist
pair in response to a tendon tap (3-5). The occurrence of recip-
rocal excitation and reflex irradiation decreases with increas-
ing age (2,4). In children with cerebral palsy, both reciprocal
excitation and reflex irradiation persist during development
(2,4,6).

In addition to the above-described phenomena, we clini-
cally observed long-lasting contractions, multiphasic kicks,
and contralateral responses when eliciting the knee jerk in
some infants at high risk for cerebral palsy, participating in
the LEARN2MOVE (L2M) 0-2 y study (7). To the best of
our knowledge, long lasting, tonic responses after tapping the
quadriceps tendon have not been studied before in infancy.
Tonic responses may be one of the components of hyperto-
nia, one of the highly prevalent signs in children with cere-
bral palsy (8). However, evident hypertonia is rarely present in
early infancy and a reliable diagnosis of cerebral palsy can be
made from 18 mo onwards (8-10).

Hence, the primary aim of the present study was to system-
atically evaluate by means of surface EMG, (i) whether tonic
responses, reflex irradiation (presence and extent), and clonus,
i.e., repetitive responses, occur in young infants at very high
risk for cerebral palsy (VHR infants) in response to the knee
jerk, and (ii) if so, whether the responses of VHR infants differ
from those of typically developing (TD) infants.

The secondary aim of the study was to assess whether pos-
sible differences in reflex activity in early infancy are associ-
ated with general movement quality, as general movement
quality is the best clinical predictor for neuromotor develop-
ment at this age (10). General movements are spontaneous
movements that are characterized by variation; they are pres-
ent until about 4 mo corrected age (11). Reduced complexity
and variation (abnormal general movements) are associated
with cerebral palsy (12). In children with abnormal general
movements, the presence of stiff looking movements may
further increase the risk for cerebral palsy (13). We hypoth-
esized that general movement quality and movement stiffness
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are associated with reflex activity, since both general move-
ments and stretch reflexes are modulated by supraspinal con-
trol (14), and movement stiffness may reflect increased stretch
reflex activity (13).

RESULTS
The groups did not differ in age at assessment or sex (Table 1),
but the VHR infants had a lower birth weight and gestational

Table 1. Infant characteristics

age at birth than TD infants. The median number of appropri-
ate trials was 17 (range: 6-37). None of the EMG parameters
were associated with the infants corrected age at assessment
(data not shown).

As a phasic response precedes a possible tonic response
(Figure 1c), we first report the findings on the phasic
responses, including reciprocal excitation and reflex irradia-
tion. Next the results on tonic responses follow. Finally, the

VHR (n=24) TD (n=26) Pvalue

Birth weight in grams (median + range) 1,470 (720-3,800) 3,710 (2,680-4,650) 0.0005
Gestational age at birth in weeks (median + range) 30.5(25.9-41.1) 40.0(36.7-41.7) 0.0005
Age at assessment, in months corrected age (median + range) 2.9(1.0-4.9) 3.0(2.6-3.8) 0.408
Boys/girls 13/11 14/12 1.000
Type of brain lesion -

Basal ganglia/thalamic lesion 4

Cortical infarction 1

Periventricular leukomalacia 7

Posthemorrhagic porencephaly 8

No or nonsignificant lesion 4
Length lower limb in cm (median + range) 22.9(18.1-28.0) 23.9(20.8-27.8)° 0.062

*Anthropometric data are missing for one VHR infant due to technical problems.
TD, typically developing; VHR, very high risk for cerebral palsy.
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Figure 1. EMG analysis. EMG signals of reflex hammer and recorded muscles. TO is indicated by the vertical dotted lines. The horizontal lines below the
panels represent the duration of 100 ms (panel a) or 200 ms (panels b-d). The amplitude units are indicated on the y-axes: the intervals between the small
horizontal markers represent 25 V. (a) Phasic responses in both ipsilateral and contralateral quadriceps and hamstring, (b) Clonus of the ipsilateral quad-
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hamstring, and LE. The figures represent single examples of TD (panel a) and VHR (panels b-d) infants.
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associations between general movement-quality and reflex
activity are presented.

Phasic Reflex Responses

In both VHR and TD infants, we observed a phasic response of
the ipsilateral quadriceps muscle in 100% of the trials. Response
latencies of VHR and TD infants were similar (Table 2).
Additionally, the ipsilateral hamstring muscle virtually always
showed a phasic response (median: 100%, range: 89-100%).

VHR infants more often showed a phasic response in the
contralateral quadriceps (VHR 63% vs. TD 34% Mann-
Whitney U; P = 0.002) and contralateral hamstring (VHR 63%
vs. TD 40%, Mann-Whitney U; P = 0.003) than TD infants.

In both groups, ipsilateral and contralateral phasic responses
were occasionally observed in all other muscles in which EMG
activity was recorded (Table 2); phasic responses were mainly
noted in the rectus abdominis (median values: 12% ipsilateral,
4% contralateral) and lumbar extensor (median values: 11%
ipsi- and contralateral). The frequencies of the irradiated pha-
sic responses in VHR infants did not significantly differ from
those in TD infants.

The latencies of the phasic responses of the ipsilateral and
contralateral quadriceps and hamstring and those of the phasic
responses of the other muscles of VHR infants did not differ
from those of TD infants (Table 2).

VHR infants more often showed at least once a series of
repetitive phasic responses in the ipsilateral quadriceps than
TD infants did (18 out of 23 infants and 4 out of 26, respec-
tively; Chi-square; P = 0.0005). VHR infants showed a repeti-
tive phasic response in 25% (median value) of the trials (range:
0-47%), whereas TD infants seldom showed a repetitive pha-
sic response (median: 0%, range: 0-21%; Mann-Whitney U;
P =0.0005). VHR infants showed up to four repeats (i.e., five
phasic responses) per trial, whereas the four TD infants never
showed more than one repeat (two phasic responses).

Tonic Reflex Responses

The observed tonic responses reflected a continuous interference
pattern, indicating activity of several motor units (Figure 1c).
More VHR infants (22 out of 23) than TD infants (7 out of 26)
showed at least one tonic response in the ipsilateral quadriceps
(Chi-square; P = 0.0005). VHR infants showed a tonic response
in the ipsilateral quadriceps in 34% of the trials (range: 0-95%);
significantly more often than TD infants did (median: 0%, range:
0-43%; Table 3). A tonic response of the ipsilateral hamstring
was also more often observed in VHR infants (Table 3). The
onset latencies and duration of the tonic responses did not differ
between VHR and TD infants (Table 3). Tonic responses gener-
ally occurred after a brief electrical silence following the phasic
response (Figure 1c¢). Tonic responses lasted on average 1.1 (ipsi-
lateral quadriceps), 0.7 (ipsilateral hamstring), 1.2 (contralateral
quadriceps), and 0.9s (contralateral hamstring).

Associations Between General Movement Quality and Knee Jerk
Responses

One TD infant showed normal-optimal general movements,
15 TD infants had normal-suboptimal general movements,

Copyright © 2016 International Pediatric Research Foundation, Inc.

14 infants had mildly abnormal general movements (9 TD, 5
VHR), and 20 infants had definitively abnormal general move-
ments (1 TD, 19 VHR). Note that the data of the infants with
normal-optimal and normal-suboptimal general movements
were pooled.

General movement quality was not associated with the
occurrence and the relative latencies of phasic responses.
However, infants with worse general movement quality
showed more often repetitive phasic responses (Spearman’s p =
0.507, P = 0.0005). General movement quality was also related
to the occurrence of tonic responses: infants with worse gen-
eral movement quality showed more often a tonic response in
the ipsilateral quadriceps (Spearman’s p = 0.659, P = 0.0005).
The association between general movement quality and knee
jerk responses was brought about in particular by definitely
abnormal general movements: infants with definitely abnor-
mal general movements more often showed repetitive phasic
responses (definitely abnormal general movements 19% of
the trials vs. nondefinitely abnormal general movements 0%,
Mann-Whitney U; P = 0.003) and tonic responses in the ipsi-
lateral quadriceps (definitely abnormal general movement
34% of the trials vs. nondefinitely abnormal general move-
ments 0%, Mann-Whitney U; P = 0.0005, Figure 2).

Nineteen infants showed stiff looking movements (further
labeled as stiff movements): 14 of them had definitely abnor-
mal general movements, 16 were VHR infants. Infants with
stiff movements had shorter relative phasic response onset
latencies of the ipsilateral hamstring (median stiff movements
1.34 vs. no stiff movements 1.52, Mann-Whitney U; P = 0.004)
and showed more often a tonic response in the ipsilateral quad-
riceps (median 25 vs. 0%, Mann-Whitney U; P = 0.003) than
infants without stiff movements. Infants with stiff movements
showed significantly more often repetitive phasic responses
(15 out of 18 infants) than infants without stiff movements (7
out of 31 infants; Chi-square, P = 0.0005).

DISCUSSION

The present study indicated that around 3 mo corrected age,
knee jerk responses in infants at very high risk for cerebral
palsy differ from those in typically developing infants: VHR
infants more often than TD infants showed (i) tonic responses
in the ipsilateral quadriceps and hamstring muscles, (ii) pha-
sic responses in the contralateral quadriceps and hamstring
muscles, and (iii) repetitive phasic responses (clonus) in the
ipsilateral quadriceps. Widespread reflex irradiation, present
in trunk, neck, and arm muscles, occurred every now and then
in VHR and TD infants. Definitely, abnormal general move-
ments and stiff movements were associated with more tonic
and clonic responses in the ipsilateral quadriceps.

Tonic Responses

All but one VHR infant showed tonic responses in the ipsi-
lateral quadriceps, whereas TD infants seldom exhibited a
tonic response. We hypothesize that the occurrence of con-
tinuous stretch reflex activity was brought about by so-called
persistent inward currents (PICs). PICs are the consequence
of slowly inactivating (mainly) calcium and sodium channels
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Table 2. EMG knee jerk parameters—phasic responses

D VHR Pvalue
Relative onset latency PR Median Range N Median Range N
Ipsi Quadriceps 1.26 0.95-1.76 26 1.26 0.91-1.69 22 0.725
Ipsi Hamstring 1.48 1.07-2.11 26 1.41 1.06-1.78 23 0.149
Contra Quadriceps 1.79 1.43-2.62 23 1.85 1.44-3.90 23 0.249
Contra Hamstring 1.77 1.26-3.03 25 1.79 1.29-2.46 22 0.522

D VHR Pvalue
Ipsilateral irradiation (%) Median Range N Median Range N
Deltoid 0 0-25.0 24 0 0-22.2 20 0.247
Pectoralis major 0 0-16.7 25 0 0-28.6 21 0.022
Biceps brachii 0 0-14.3 25 0 0-20.0 20 0.742
Triceps brachii 0 0-33.3 24 0 0-8.3 20 0.141
Neck flexor 0 0-20.0 25 0 0-28.6 20 0.368
Neck extensor 7.1 0-22.2 25 0 0-60.0 19 0.659
Rectus abdominis 1.1 0-40.0 26 12.5 0-60.0 20 0.676
Thoracal extensor 0 0-44.4 24 0 0-80.0 21 0.163
Lumbar extensor 8.33 0-90.0 23 154 0-58.3 21 0.490

TD VHR Pvalue
Contralateral irradiation (%) Median Range N Median Range N
Deltoid 0 0-22.2 23 0 0-333 18 0.820
Pectoralis major 0 0-333 25 0 0-22.2 18 0.712
Biceps brachii 0 0-16.7 24 0 0-333 17 0.181
Triceps brachii 0 0-50.0 23 0 0-0 18 0.205
Neck flexor 0 0-16.7 24 0 0-11.1 16 0.373
Neck extensor 0 0-42.9 24 0 0-33.3 16 0.455
Rectus abdominis 8.3 0-33.3 25 0 0-23.1 17 0.848
Thoracal extensor 0 0-22.2 23 0 0-44.4 18 0.638
Lumbar extensor 18.2 0-75.0 25 10.1 0-66.7 18 0.929
Relative onset latency ipsilateral LY VHR Pvalue
irradiation Median Range N Median Range N
Deltoid 2.72 - 1 2.61 2.20-3.01 2 1.000
Pectoralis major 1.98 1.01-2.64 4 245 1.65-4.77 10 0.282
Biceps brachii 1.85 1.26-4.67 3 2.30 1.36-3.83 3 1.000
Triceps brachii 1.96 0.66-2.40 6 1.85 - 1 0.517
Neck flexor 1.77 1.01-2.65 10 117 0.81-2.96 5 0.206
Neck extensor 1.64 1.06-3.03 13 1.53 1.06-3.16 7 0.877
Rectus abdominis 1.85 0.45-4.29 16 1.80 1.26-3.65 14 0.779
Thoracal extensor 1.87 1.76-2.88 6 212 0.90-3.02 9 1.000
Lumbar extensor 1.72 1.05-3.06 14 1.53 0.73-4.83 12 0.899
Relative onset latency D VHR Pvalue
contralateral irradiation Median Range N Median Range N
Deltoid 1.92 1.61-2.77 4 241 1.13-2.86 4 0.686
Pectoralis major 2.04 1.39-2.56 9 2.02 1.87-2.18 7 1.000
Biceps brachii 1.93 1.31-2.45 3 2.18 1.17-3.45 5 0.857
Triceps brachii 2.46 1.77-3.15 2 - 0 -
Neck flexor 1.67 0.80-4.01 7 2.29 1.12-3.09 3 0.517
Neck extensor 1.43 0.77-3.04 10 1.74 1.53-2.99 5 0.254
Rectus abdominis 1.89 1.33-3.51 13 2.82 0.82-3.87 8 0.374
Thoracal extensor 2.50 2.48-2.65 4 1.50 0.89-2.12 2 0.133
Lumbar extensor 1.47 0.89-2.22 14 1.14 0.64-3.50 11 0.373

EMG, electromyography; PR, phasic response; TD, typically developing; VHR, very high risk for cerebral palsy.
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D VHR
%TR Median Range N Median Range N Pvalue
Ipsilateral Quadriceps 0 0-42.9 26 345 0-94.7 23 0.000*
Ipsilateral Hamstring 0 0-10.0 26 0 0-20.0 24 0.009*
Contralateral Quadriceps 0 0-5.0 26 0 0-25.0 24 0.037
Contralateral Hamstring 0 0-5.0 26 0 0-9.1 23 0.455
D VHR
Relative onset latency TR Median Range N Median Range N Pvalue
Ipsilateral Quadriceps 13.0 7.8-20.3 7 16.7 7.8-35.32 22 0.280
Ipsilateral Hamstring 6.1 4.9-7.3 2 15.2 8.3-38.5° 9 0.036
Contralateral Quadriceps 7.9 6.8-9.0 2 10.2 9.3-12.3 7 0.222
Contralateral Hamstring 12.7 - 1 21.6 15.1-28.2 2 0.667
D VHR
Duration TR (s) Median Range N Median Range N Pvalue
Ipsilateral Quadriceps 133 0.66-2.39 7 1.07 0.55-1.85 22 0.409
Ipsilateral Hamstring 1.04 0.72-1.36 2 0.73 0.53-1.18 9 0.439
Contralateral Quadriceps 0.86 0.52-1.20 2 1.15 0.51-1.76 7 0.667
Contralateral Hamstring 0.87 - 1 0.76 0.63-0.89 2 1.000

*According to our criteria, a TR had to start within 150 ms after the PR. As TR onset latency was calculated from TO, values may exceed 150 ms. One child showed TRs preceded by

repetitive PRs, resulting in TR onset values above 300 ms.
*Mann-Whitney U; P < 0.01.

EMG, electromyography; TD, typically developing; TR, tonic response; VHR, very high risk for cerebral palsy.

in the presence of neuromodulatory input (e.g., serotonine).
PIC’s may therefore produce long-lasting self-sustained firing
of motoneurons (bistable behavior). Together with the ability
to amplify synaptic input, PICs do increase motoneuron excit-
ability (14). The input associated with phasic muscle stretch
may therefore activate the PICs, which continue to be active
once the excitatory synaptic input has passed (15). Indeed,
the tonic responses resemble motoneuronal output induced
by the PICs described in neonatal mice (16). An additional
explanation is that the phasic response itself induced the tonic
response: the relief of stretch can provoke a powerful post-
excitatory contraction (17). The changed supraspinal inhi-
bition in VHR infants is likely to attribute to this so-called
“rebound phenomenon”.

Phasic Responses: Irradiation and Repetition

Our data indicate that substantial reflex irradiation is pres-
ent in 3-mo-old infants with and without increased risk for
developmental disorders, especially to homologous muscles
on the contralateral side. The latter phenomenon has, to our
knowledge, not been described before. The irradiation of reflex
activity to many other muscles than the quadriceps might be
explained by various mechanisms. First, the physiological
hyperexcitability of the spinal circuitries, which is intensively
present at term age and gradually wanes with increasing age,
may play arole. This hyperexcitability is, for example, expressed
by lower thresholds for the stretch reflex (3), by the presence of
crossed adductor responses when eliciting the knee jerk (18)
and the presence of reciprocal excitation in TD newborns (5).

Copyright © 2016 International Pediatric Research Foundation, Inc.
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Figure 2. General movement-quality and the frequency of tonic
responses. Data are presented as median values (horizontal bars), inter-
quartile ranges (boxes), and ranges (vertical lines) with outliers (circles).

Second, increased sensitivity of muscles spindles, motoneuron
pools, and motor units may contribute (1). A third factor may
be the redundancy of excitatory projections to motoneurons of
nonhomonymous muscles; these projections disappear during
development (3).

The frequent occurrence of phasic responses in the homolo-
gous contralateral leg muscles could be related to the ontog-
eny of the central pattern generators for locomotion. Animal
studies indicate that these central pattern generators initially
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generate synchronous motor bursts on both sides of the lum-
bar spinal cord. During development, the output changes into
a burst pattern that alternates between left and right, due to
maturation of inhibitory connections between the two sides
(19). The phenomenon of reflex irradiation in the contralateral
quadriceps and hamstring, as well as in the rectus abdominis
and lumbar extensor muscles, suggests the presence of excit-
atory connections across one or more spinal levels (5).

An additional increase of excitability of the spinal circuitries
due to reduced supraspinal inhibition in VHR infants could
explain the higher prevalence of repetitive and contralateral
phasic responses in VHR infants than in TD infants (1).

Movement Quality and Knee Jerk Responses

Definitely, abnormal general movements were associated with
the presence of tonic responses and clonus. This underlines the
notion that definitely abnormal general movements point to a
serious loss of supraspinal control. Mildly abnormal general
movements showed the association with tonic responses to a
minor extent, suggesting that mildly abnormal general move-
ments reflect indeed the presence of milder forms of supra-
spinal dysfunction (20). General movement-quality was not
associated with reflex irradiation; this emphasizes the typical
nature of reflex irradiation during early ontogeny. The asso-
ciation between stiff movements and tonic responses strength-
ens the assumption that a stiff movement character reflects
increased stretch reflex activity (13).

Methodological Considerations

This is, to our knowledge, the first study that compared EMG
reflex responses of VHR infants with that of TD infants at 3 mo
corrected age. The age of the infants allowed us to study associ-
ations between reflex responses and general movement quality.
Another strength of the study is the blinded EMG analysis. In
addition, EMG analysis was performed by the author E.G.H.
and general movement classification by the author M.H.A..
Both were unaware of the findings of each other.

The heterogeneity within the group of VHR infants is a limi-
tation of this study. The relatively small sample size did not
allow us to examine differences within the VHR infants, e.g., to
investigate the effect of the type of brain lesion. Another limi-
tation is the manual application of the tap, implying that the
force and frequency of the stimulus varied. However, we only
included trials in which a clear kick of the leg was observed.
Moreover, we considered this method to be infant-friendly and
in proper correspondence with a standard clinical examination.

This study aimed to evaluate whether there were any objec-
tive differences in knee jerk responses between VHR and TD
infants. Future research should address the question whether
the presence of tonic responses and clonus also is associated
with neuromotor outcome, including the diagnosis of cerebral

palsy.

Concluding Remarks
In conclusion, this study indicates that knee jerk responses
in VHR infants differ from those in TD infants: VHR infants

368 Pediatric RESEARCH Volume 80 | Number 3 | September 2016

Table 4. General movement quality

Classification Complexity Variation Fluency
Normal-optimal +++ +++ +
Normal-suboptimal ++ ++ -
Mildly abnormal + + -
Definitely abnormal +/- +/- -

Classification according to Hadders-Algra 2004 (21).

Complexity and variation: +++ = abundantly present, ++ = sufficiently present, ++ =
present, but insufficiently, + = virtually absent, - = absent. Fluency (the least important
aspect of GM-assessment): + = present, - = absent.

more often showed tonic responses, clonus, and reflex irradia-
tion to contralateral leg muscles. Especially, the presence of
tonic responses and clonus may be regarded as a marker of a
loss of supraspinal control, whereas reflex irradiation primar-
ily is a neurodevelopmental phenomenon of early ontogeny.
Future research should address the prognostic significance
of tonic responses and clonus for neuromotor outcome,
including spasticity. Such information is valuable in the early
identification and follow-up of VHR infants, especially with
regard to the development and treatment of contractures and
deformities.

METHODS

Participants

We included 24 VHR and 26 TD infants. The VHR infants partici-
pated in the L2M 0-2 y study, a randomized controlled trial on the
effect of early intervention in infants at high risk for cerebral palsy
(7). Inclusion criteria of the L2M project were age at enrolment 1 to
9 mo corrected age and the presence of at least one of the following
conditions: (i) cystic periventricular leukomalacia, (ii) parenchymal
lesion of the brain, (iii) neonatal hypoxic-ischaemic encephalopathy
(Sarnat 2 or 3) with brain lesions on MRI, and iv) neurological dys-
functions suggestive of the development of cerebral palsy (7). For the
present study, we included all infants who were enrolled in the L2M
project before the age of 5 mo corrected age. We used their assessment
that occurred most closely to 3 mo corrected age: for 20 infants, this
was the baseline assessment, for four infants the second assessment.
TD infants were recruited by nurses who perform the neonatal heel
prick or via personal contacts: none of them had prenatal, perina-
tal or neonatal complications. TD infants were assessed around 3 mo
corrected age. The parents gave informed consent. The data collec-
tion was approved by the Medical Ethics Committee of the University
Medical Center Groningen (VHR infants trial number NTR 1428; TD
infants trial number NL39954.042.12).

Procedures: Video and EMG Recording
The assessment was performed at the infant’s home. The session con-
sisted of a videotaped general movement assessment and examination
of the knee jerk reflex. A general movement assessment comprises a
recording of at least 5min of spontaneous motor behavior in supine
position; the knee jerk was elicited approximately 10 times on each side.
In order to study the responses of the knee jerk, bipolar surface
electrodes with an inter-electrode distance of 14 mm were placed over
the bellies of the right and left quadriceps and right and left hamstring
(to evaluate ipsilateral reciprocal activity and contralateral responses).
Additional electrodes were placed on the following muscles on the
right side of the body: rectus abdominis, thoracic extensor, lumbar
extensor, sternocleidomastoid (neck flexor), neck extensor, deltoid,
pectoralis major, biceps brachii, and triceps brachii to examine reflex
irradiation at various distances from the stimulus. Surface EMG sig-
nals and reflex hammer accelerations were continuously recorded
by means of an electro-physiological front-end amplifier (Twente

Copyright © 2016 International Pediatric Research Foundation, Inc.



Knee jerk responses in high-risk infants ‘ Art|CIes

Medical Systems International, Enschede, the Netherlands) at a sam-
pling rate of 2,000 Hz.

Data Analysis

We used the general movement video-recordings to classify the qual-
ity of the general movements on the basis of Gestalt perception into
normal-optimal, normal-suboptimal, mildly abnormal, or definitely
abnormal (21). This categorization is mainly based on the degree of
variation and complexity of the infant’s spontaneous motor behavior
in supine position (Table 4). Since normal-optimal general move-
ments are relatively rare and in the present study have no additional
significance (22), we pooled the data of children with normal-optimal
and normal-suboptimal general movements. The assessment has a
good reliability and a high predictive validity (23). Furthermore, we
evaluated the presence of stiff movements according to Hamer et al.
(13). The last author, M.H.A., performed the general movement clas-
sification. She was aware of study group membership, but she was
masked for knee jerk responses and clinical perinatal characteristics
of the infants.

The EMG signals were analyzed with the software package PedEMG
(Developmental Neurology, University Medical Center Groningen,
The Netherlands) (24). First, all knee jerk videos were analyzed (i)
to include only trials in which a clear kick of the leg was observed in
response to the tendon tap, and (ii) to determine on which side (right
or left patellar tendon) the tap was applied. Next, the EMGs were ana-
lyzed without video and without any information of the infant such
as name, age, and study group. The tap-signal from the reflex ham-
mer was used to define TO of the knee jerk latency (Figure 1). Onset
times of phasic responses phasic responses and tonic responses were
determined with the use of the model-based algorithm of Staude and
Wolf, which detects significant changes in muscle activity (bursts)
(24). Responses were considered a phasic response (2,5,25) if they (i)
occurred within 40 ms after TO, (ii) lasted maximally 15 ms, (iii) were
bi- or triphasic, and (iv) significantly differed from background activ-
ity and muscle activity prior to tap application (Figure 1a). The pres-
ence and the number of repeats of repetitive phasic responses (clonus)
were recorded (Figure 1b). Reponses were considered as tonic
responses if they (i) started within 150 ms after a phasic response, (ii)
lasted at least 500 ms, and (iii) visual inspection indicated continued
activity of a similar intensity (Figure 1c); see also refs. (26,27)). Note
that the terms phasic and tonic do not imply that in phasic responses
only so-called fast motor units are involved and in tonic responses
only slow motor units.

We calculated the percentage of trials with occurrence of a phasic
response for the ipsilateral quadriceps (i.e., using the right quadriceps
when a tap was applied on the right side, and the left quadriceps when
a tap was applied on the left side), as well as for the ipsilateral ham-
string, contralateral quadriceps, and contralateral hamstring. We also
computed for the ipsilateral and contralateral quadriceps and ham-
string the (i) mean relative onset latency of the phasic response, (ii)
percentage of trials with occurrence of a tonic response, (iii) mean
onset latency of a tonic response, and (iv) mean duration of a tonic
response. Relative latencies were calculated by dividing the abso-
lute onset times by the length of the infants lower leg, as a proxy for
body length (28). We assessed the infant’s lower leg length by mea-
suring the distance between the lateral tibial condyle and the lateral
malleolus with the help of SIMI Motion 3D (SIMI Motion Systems,
Unterschleifheim, Germany) (Table 1).

In addition, we calculated for each of the other muscles the percent-
age of trials with occurrence of a phasic response plus the mean rela-
tive onset latency of the phasic response. We differentiated between
ipsilateral irradiation (i.e., phasic response in the trials with a tap
applied on the right side, e.g., Figure 1d) and contralateral irradiation
(phasic responses after a tap on the left side). Parameters were only
computed if at least five proper trials were available for the analysis.

Statistical Analysis

SPSS package version 20.0 (IBM Corporation, Armonk, NY) was used
for statistical analysis. Nonparametric tests were performed since the
data were not normally distributed. P values < 0.01 were considered
to be statistically significant.
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