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Hand Posture as Localizing Sign in Adult
Focal Epileptic Seizures
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Objective: The aim of this study was to identify specific ictal hand postures (HPs) as localizing signs of the epilepto-
genic zone (EZ) in patients with frontal or temporal lobe epilepsy.
Methods: In this study, we retrospectively analyzed ictal semiology of 489 temporal lobe or frontal lobe seizures
recorded over a 6-year period at the Seizure Disorder Center at University of California, Los Angeles in the USA
(45 patients) or at the C. Munari Epilepsy Surgery Center at Niguarda Hospital in Milan, Italy (34 patients). Our criterion
for EZ localization was at least 2 years of seizure freedom after surgery. We analyzed presence and latency of ictal
HP. We then examined whether specific initial HPs are predictive for EZ localization.
Results: We found that ictal HPs were present in 72.5% of patients with frontal and 54.5% of patients with temporal
lobe seizures. We divided HPs into 6 classes depending on the reciprocal position of the fingers (“fist,” “cup,” “politi-
cian’s fist,” “pincer,” “extended hand,” “pointing”). We found a striking correlation between EZ localization and ictal
HP. In particular, fist and pointing HPs are strongly predictive of frontal lobe EZ; cup, politician’s fist, and pincer are
strongly predictive of temporal lobe EZ.
Interpretation: Our study offers simple ictal signs that appear to clarify differential diagnosis of temporal versus frontal
lobe EZ localization. These results are meant to be used as a novel complementary tool during presurgical evaluation
for epilepsy. At the same time, they give us important insight into the neurophysiology of hand movements.
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Epilepsy characterized by focal seizures is notoriously
refractory to medical treatment (30–40% of patients).1,2

Half of these patients, however, will be good surgery candi-
dates.1,3,4 Surgery success rates vary between 50% and 90%,
depending on the epileptogenic zone (EZ) localization,5 the
presurgical evaluation, and the procedure. Because of the
high prevalence and substantial social and economic cost of
medically resistant epilepsy, the development of tools that
increase surgical success is of utmost importance. For pur-
poses of planning surgery, despite the advent of more
sophisticated techniques, the study of ictal and postictal

semiology remains a fundamental component of the EZ
localization process. Frontal and temporal lobes are the most
common localizations of focal epilepsies, and it is on these
lobes that most literature focuses.6

Ictal behaviors are in part determined by the activa-
tion of brain areas distant from the EZ, but the EZ of the
same lobe may project to similar symptomatogenic areas,
giving rise to clusters of signs that are useful in the EZ
localization process.7 Release of mesencephalic and spinal
central pattern generators can also contribute to expression
of behaviorally distinctive motor sequences.8 Literature on

View this article online at wileyonlinelibrary.com. DOI: 10.1002/ana.25589

Received Dec 27, 2018, and in revised form Aug 7, 2019. Accepted for publication Aug 25, 2019.

Address correspondence to Dr Ferando, Department of Neurology, NRB1 Room 541, David Geffen School of Medicine at UCLA, 635 Charles Young Drive
South, Los Angeles, CA 90095. E-mail: iferando@ucla.edu

From the 1Department of Neurology, David Geffen School of Medicine at University of California, Los Angeles, Los Angeles, CA; 2Seizure Disorder Center
at University of California, Los Angeles, Los Angeles, CA; 3C. Munari Epilepsy Surgery Centre, Niguarda Hospital, Milan, Italy; 4Department of Neurology,
Bellaria Hospital, Bologna, Italy; 5School of Medicine and Surgery, University of Bologna, Bologna, Italy; 6Departments of Neurobiology; 7Psychiatry and

Biobehavioral Sciences, David Geffen School of Medicine at University of California, Los Angeles, Los Angeles, CA; and 8Brain Research Institute,
University of California, Los Angeles, Los Angeles, CA

© 2019 American Neurological Association 793

https://orcid.org/0000-0002-8603-0061
mailto:iferando@ucla.edu
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fana.25589&domain=pdf&date_stamp=2019-10-15


behavioral sequences that are suggestive of specific laterali-
zation and localization is extensive, whereas literature on
individual localizing signs is scarce.7–16

To date, only a handful of signs have been proposed
to have a high localizing positive predictive value (PPV).
For temporal EZ localization, these include postictal
nosewiping,12,13 ictal spitting,17 ictal whistling,18 and
piloerection.19,20 For frontal EZ localization, they include
bipedal automatisms,21 ictal grasping,22 and ictal pouting.23

Unfortunately, some of these signs are so rare that they
become of little clinical value on a day-to-day basis. More-
over, signs such as piloerection are not visible on video;
therefore, reporting its presence is first-responder sensitive.
The goal of our study was the identification of a frequent,
easily recognizable localizing ictal sign as an adjunctive clini-
cal tool to better orient presurgical evaluation. Dystonic
hand and limb posturing has previously been identified as a
reliable lateralizing sign in temporal lobe epilepsy,8 and
more recently in the differential diagnosis between epileptic
and nonepileptic seizures.24–26

Here, we report a significant relationship between EZ
localization and initial ictal hand postures (HPs). We identi-
fied a series of HPs with high sensitivity, specificity, PPV,
and negative predictive value (NPV) for temporal or frontal
lobe localization, with the goal of providing a novel localizing
tool for presurgical evaluation in adult focal epileptic seizures.

Patients and Methods
The protocol for this study received approval by the Uni-
versity of California, Los Angeles (UCLA) Institutional
Review Board, and written informed consent was obtained
from all subjects for use of clinical data for research pur-
poses. Written informed consent for the use of clinical
data for scientific purposes was obtained from subjects
admitted to the Niguarda Hospital epilepsy monitoring
unit, as per Italian Law Article 13 of Legislative Decree
196/2003. A retrospective cohort of patients with drug-
resistant focal epilepsy was selected from all consecutive
surgeries at the Seizure Disorder Center at UCLA and the
C. Munari Epilepsy Surgery Center at Niguarda Hospital
in Milan over a 6-year period. All patients who met the
following inclusion criteria were included in this study:
(1) surgery for temporal lobe or frontal lobe epilepsy and
(2) complete seizure freedom after surgery with at least
2 years of follow-up (Engel class Ia or Ib). Approximately
one-third of the total surgical population at these 2 institu-
tions, during this period, met inclusion criteria.

Long-term video-electroencephalographic (EEG)
files were recorded as part of the presurgical evaluation for
medically refractory epilepsy, to identify and localize the
EZ. As our aim was to investigate the presence of distinct

HPs correlating with specific EZ localizations (temporal or
frontal), long-term postresective seizure freedom allowed
us to select a cohort of patients of known EZ localization.

FIGURE 1: (A) Distribution of patients by localization of the
epileptogenic zone (EZ localization) and presence of a hand
posture (HP) in at least one seizure (HP+). Patients labeled as
HP− did not show HPs in any seizure. Prevalence of ictal HP
was not different between frontal and temporal lobe
epilepsy (see Results). (B) Distribution of HP+ and HP−
seizures by EZ localization. The majority of frontal lobe
seizures were HP−, whereas half of temporal lobe seizures
were HP+. This suggests that any given HP+ seizure is more
likely to have an EZ localization in the temporal lobe rather
than the frontal lobe. (C) HP+ patients presented with both
HP+ and HP− seizures. Pie charts depict distribution of each
type of seizure (HP+ or HP−) by EZ localization in HP+
patients. A greater percentage of seizures were HP+ for
temporal than for frontal EZ localization (see Results).
Therefore, in HP+ patients it is more likely to witness an HP+
seizure in temporal lobe rather than in frontal lobe epilepsy.
(D, E) Most HP+ patients presented contralateral or bilateral
HPs. Most HP+ patients presented with bilateral HP
regardless of their EZ localization (see Results). Only a small
percentage of patients presented with ipsilateral (ipsi) HPs,
and they were excluded from further characterization.
Contralateral (contra) HPs had shorter latency than ipsilateral
HPs, measured from the beginning of the electrographic
seizure. Frontal lobe seizures had shorter HP latency
compared to temporal lobe seizures (see Results). [Color
figure can be viewed at www.annalsofneurology.org]
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For the purposes of this study, we later labeled included
patients as “temporal lobe” (33 patients) or “frontal lobe”
(46 patients), depending on the localization of the
resected EZ.

We defined initial ictal HP as a tonic contraction of
the hand and forearm muscles lasting >5 seconds and hap-
pening as the first motor sign during focal onset impaired

awareness seizures (formerly complex partial seizures),
which resulted in distinct positions of the fingers. We
decided to use a threshold of 5 seconds for 2 reasons. First,
for practical reasons, we wanted to study an ictal phenome-
non with a duration that would not go easily unnoticed.
Second, dystonic postures of the limbs previously described
by Kotagal et al9 lasted an average of 28 seconds, with a

FIGURE 2: (A, B) Representative images of each ictal hand posture (HP) encountered in seizures of temporal and frontal lobe
epileptogenic zone localization. Insets show reproduction of HPs for classification purposes. (C) Classification of HPs based on
reciprocal positioning of fingers. Labeling of HPs was done based on hand gestures that different HPs evoke.
IP = interphalangeal joint; MP = metacarpophalangeal joint. [Color figure can be viewed at www.annalsofneurology.org]
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range between 10 and 65 seconds. With a threshold shorter
than the shortest dystonic posture they observed, we
wanted to include in our investigation HPs that do not
necessarily fall under the definition of previously described
dystonic postures (see Discussion). As our study focused on
HPs alone, we did not consider the position of the hand
relative to the forearm. Additionally, we disregarded all pos-
tures that arose during hand–object interactions (randomly
or as part of the ictal semiology, eg, “grasping”22), all hand
positioning arising from targeted or repetitive movements
(eg, “pill rolling,” “face wiping”27), and all postures arising
during evolution from focal to bilateral tonic–clonic seizures
(formerly secondarily generalized seizures). Patients’ seizure
distributions by EZ localization and presence of an HP in
at least 1 seizure (HP+ patient) are presented in Figure 1.

Video-EEG was recorded and replayed using dedi-
cated software (Stellate Harmonie Viewer; Natus Medical
Incorporated, Pleasanton, CA). One investigator blind to
both EZ lateralization and localization replayed and
observed each seizure, noted presence or absence of HP
for both hands, and timed the latency of each HP from
the beginning of the electrographic seizure, working frame
by frame on the video-EEG. Although we initially evalu-
ated HPs of both hands to have a broader view of the phe-
nomenon under investigation, only those HPs arising in
the hand contralateral to the EZ were further characterized
and analyzed. Our goal for this study was to identify
potential EZ localizing signs. As there are no direct con-
nections between the 2 hemispheres for hand motor con-
trol, ipsilateral hand movements do not directly reflect
activity in the hemisphere that contains the EZ, hence our
decision to later focus only on contralateral HP. Each sei-
zure containing a contralateral HP was replayed a second
time, and 2 investigators (now blind to EZ localization

but not lateralization) took individual screenshots of each
HP. This was done to facilitate comparison of all ictal
HPs and their classification in a clinically useful chart. For
consistency, screenshots were taken at 5 seconds after the
beginning of the HP. The same 2 investigators working
together classified all HPs as in Figure 2. Finally, 3 inde-
pendent observers (also blind to EZ localization but not
lateralization) observed the screenshots of all contralateral
HPs and categorized each patient by HP following the
chart in Figure 2. Only at this point was EZ localization
paired to each patient (Fig 3).

Statistical procedures are listed under the corresponding
results section.

Results
A total of 79 patients satisfied our inclusion criteria. Of
these, 6 were excluded because their hands were never
clearly visible. Of the remaining patients, 40 were frontal
lobe and 33 temporal lobe patients, for a total of 489 sei-
zures. If a patient presented an HP in at least 1 seizure,
the patient was considered to be HP+. A total of 54.5%
of temporal patients and 72.5% of frontal patients pres-
ented ictal HP in at least 1 of their seizures, but this dif-
ference did not reach statistical significance (standard error
for difference = 0.112, 95% CI = −0.044 to 0.404). A
greater percentage of seizures demonstrated HPs for HP+
temporal lobe epilepsy than for HP+ frontal lobe epilepsy
(χ2 = 5.220, 2-tailed p = 0.0233 with Yates continuity
correction; see Fig 1C). In our study, we did not find any
differences in the number of observed seizures per patient
based on EZ localization. In particular, for HP+ patients,
the average number of analyzed seizures per patient �
standard error of the mean (SEM) was 5.3 � 0.9 (frontal)

FIGURE 3: Summary of patients with different hand postures (HPs) grouped by epileptogenic zone (EZ) localization. Exact
contingency table analysis reveals a significant relationship between HPs and EZ localization (p < 0.00001). Sensitivity, specificity,
positive predictive value (PPV), negative predictive value, and accuracy are reported for each HP and EZ localization (see
Results). The 95% confidence interval is reported in brackets. [Color figure can be viewed at www.annalsofneurology.org]
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and 5.3 � 0.6 (temporal), p = 0.42. The average number
of HP+ seizures per patient � SEM was 3.5 � 0.6 (fron-
tal) and 4.3 � 0.5 (temporal), p = 0.42. The average
number of HP− seizures per patient � SEM was
1.8 � 0.5 (frontal) and 1.0 � 0.3 (temporal), p = 0.38,
2-tailed nonparametric Mann–Whitney test.

Not surprisingly, contralateral HPs tend to appear
earlier in the seizure and almost twice as often. Average
latency � SEM from the beginning of the electrographic
seizure was 7.99 � 0.25 seconds for contralateral HPs and
11.92 � 0.47 seconds for ipsilateral HPs, p = 0.0474,
2-tailed unpaired t test with Welch correction for unequal
variances. If we further characterized latency by EZ localiza-
tion, frontal seizures had a shorter contralateral HP latency
compared to temporal seizures (6.11 � 0.34 seconds com-
pared to 10.08 � 0.38 seconds, p = 0.009, 2-tailed
unpaired t test). Additionally, contralateral HP was present
in 86% of HP+ seizures, in contrast to ipsilateral HP,
which manifested in only 48% of HP+ seizures.

Most HP+ patients presented contralateral only or
bilateral HPs (23 frontal, in 15 males and 8 females;
17 temporal, in 8 males and 9 females). Seven patients
(6 frontal and 1 temporal) were not further characterized
because they presented only ipsilateral HPs. The distribu-
tion of ipsilateral, bilateral, or contralateral HPs was not
different between frontal and temporal patients
(χ2 = 0.01705, 2-tailed p = 0.8961; see Fig 1D, E). We
found no correlation between HP type and gender.

We took pictures of each ictal HP to create categori-
cal classes of HPs (see Fig 2A, B). Classification was done
based on the reciprocal positions of the fingers. HPs are
generated by a combination of flexion or extension of the
fingers at metacarpophalangeal and interphalangeal joints
(see Fig 2C). We identified the thumb and index finger as
independent fingers, whereas fingers 3 to 5 generally had
reciprocal similar positioning in the same HP. HPs were
labeled depending on the function they evoke: “fist,”
“hand cup,” “politician’s fist” (for the resemblance with a
classical hand gesture that is popular among politicians, as
it is thought to be perceived as a less aggressive form of a
clenched fist), “pincer,” “extended hand,” and “pointing”
posture.

Each seizure was independently evaluated; therefore,
1 patient may present >1 HP. Of note, only 2 frontal
patients presented HPs suggestive of both frontal and tem-
poral EZ localizations (fist and politician’s fist). All other
patients that presented >1 HP had either frontal lobe EZ
localization with a combination of both fist and pointing
HPs, or temporal lobe EZ localizations, with a combina-
tion of cup, pincer, and politician’s fist HPs. A summary
of the number of patients with specific HPs can be found
in Figure 3. Interrater reliability of patients’ categorization

by HP was 95.96% with a calculated Fleiss fixed-marginal
multirater kappa of 0.95 (95% CI = 0.86–1.00).

Patients were grouped by EZ localization. Exact con-
tingency table analysis revealed a significant relationship
between HP and EZ localization (p < 0.00001). For each
HP, we calculated sensitivity, specificity, PPV, and NPV,
and accuracy for the EZ localization they associated with,
against other types of HP, but not their absence. For
instance, for a particular HP, each value represents sensi-
tivity, specificity, PPV, NPV, and accuracy for temporal
or frontal lobe EZ localization only when an HP is pre-
sent. A summary of these results, with 95% CIs in
brackets (where appropriate), can be found in Figure 3.

Case Report
We report a unique occurrence in our patient group as a
case report. A 34-year-old female patient had a right parie-
tal lobe lesion removed in 2003, which was thought to be
epileptogenic. In the following 2 years, her seizures per-
sisted, unchanged in semiology, severity, and frequency.
In 2005, following a second evaluation, the EZ was local-
ized to her right temporal lobe, and the patient underwent
right anteromedial temporal resection. Since then the
patient has been seizure-free. We analyzed all seizures
from the 2003 and 2005 evaluations, and her seizures
appeared identical. Interestingly, in videos of both evalua-
tions, her ictal left HP corresponded to what we classified
as politician’s fist (Fig 4), which according to our study
suggests a temporal lobe EZ localization. For this patient,
we analyzed a total of 9 seizures, all of which were HP+.
The average latency � SEM from the beginning of the
electrographic seizure was 9.78 � 3.53 seconds.

FIGURE 4: Representative hand posture (HP) of a 34-year-old
female patient showing ictal left-hand politician’s fist
posturing. We report this patient because her HP remained
unchanged after a right parietal lesionectomy that did not
lead to seizure freedom, which was accomplished 2 years
later after right anteromedial temporal resection. [Color
figure can be viewed at www.annalsofneurology.org]
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Discussion
In this retrospective study, we identified several HPs that
might predict temporal or frontal lobe EZ localization. In
particular, cup, politician’s fist, and pincer postures predict
temporal lobe localization, whereas fist and pointing pos-
tures predict frontal lobe localization. A less frequently
seen posture (extended hand) may have high specificity
but is too rare for a conclusion to be drawn.

This study identifies, for the first time, specific HPs
as common localizing signs that may become important
complementary tools in the presurgical evaluation of
patients with intractable epilepsy, as in the presented case
report. Additionally, this study also carries interesting neu-
rophysiological and neurofunctional implications.

Concerning the temporal lobe, a depth electrode
study14 showed how seizures that remain confined within
the temporal lobe never present with HPs. Contrary to
what happens in frontal lobe seizures, we observed how,
in temporal lobe seizures, ictal HPs only appeared with
impaired awareness; therefore, they must be generated
from propagation of the epileptic discharge to
extratemporal or subcortical areas. Given the stereotyped
nature of temporal HPs and the lack of overlap between
temporal and frontal HPs, it is more likely that temporal
HPs arise from activation of subcortical rather than corti-
cal motor regions, as both hippocampus and amygdala are
strongly connected with basal ganglia, whereas frontal
HPs probably arise following activation of motor or
premotor cortices. Some supporting evidence comes from
subdural grid recordings and ictal imaging of temporal
lobe seizures.8,28 Kotagal et al showed how seizures with
dystonic posturing may not propagate to suprasylvian
areas.9 Fifteen years later, Mizobuchi et al reported that
ictal upper extremity posturing correlated with putamen
hyperperfusion that was not present in temporal lobe sei-
zures without posturing.28

Remarkably, the 3 HPs that predict temporal lobe
localization (cup, politician’s fist, and pincer) appear iden-
tical in the position of thumb, index finger, and middle
finger, and they require the engagement of the same mus-
cle groups. The function of these 3 HPs resembles that of
fine prehension. We therefore propose these HPs to be
similar in nature. They are often present in the same
patient, and sometimes it is difficult to unequivocally
distinguish them.

Functionally, there may be a preferential neural connec-
tion between the temporal lobe and cortical and subcortical
regions that evoke grasping postures. Although the neural
basis of tool use remains largely elusive, a growing body of
evidence points to the temporal lobe as the area where seman-
tic and conceptual information for tools is stored.29–33 Tool

recognition, planning of prehension gestures, and hand–tool
interactions derive from complex interplay between the ven-
tral and dorsal streams and different areas of occipital, tempo-
ral, frontal, and parietal lobes. But the temporal lobe may
function as a fundamental hub in the cross talk between these
areas, as revealed by tract tracing studies.31

Regarding HPs that correlate with frontal seizure
onset, fist and pointing postures, they evoke specific hand
gestures, or postures that are used as a form of nonverbal
communication.

Developmentally, communicative pointing is the earli-
est form of nonverbal communication,34–38 and its emer-
gence is so universal that it is part of the Modified Checklist
for Autism in Toddlers, Revised screening for autism spec-
trum disorder. Pointing gestures are used to confer impera-
tive, declarative, or informative content to human
interactions.39 But despite its importance, little is known
about the cortical networks involved in the execution of this
complex communication tool. The neurological basis of
pointing gestures is thought to be distinguished from other
HPs, as it requires the presence of a subject, an object, and
an audience. Important insights are gained from deficits in
pointing gestures in patients with heterotopagnosia, who spe-
cifically lack the ability to perform this 3-way communica-
tion task.40–42 Interestingly, in the context of our study, a
recent positron emission tomographic scan study showed
how communicative pointing activated small areas in the
medial prefrontal cortex and the temporoparietal junction.40

Moreover, the left inferior frontal gyrus has been implicated
in the expression of verbal pointing at the agent of an
action.43 Ictal pointing posturing may derive from propaga-
tion of the epileptic discharge to these cortical areas.

Lastly, clenched fist posture is universally utilized as
a confrontational, aggressive gesture. Aggression is a com-
plex social behavior and the emergent property of a brain-
wide network. Literature on its neural basis is vast.44–50

Both cortical and limbic structures participate in the gen-
eration of aggressive behaviors. In particular, prefrontal
and orbitofrontal cortices seem to act as inhibitors over
lower centers, mostly hypothalamus and amygdala, which
on the other hand act as positive modulators of aggressive
behaviors. In our study, we did not screen for ictal aggres-
sive behavior; therefore, we cannot determine whether fist
HPs were an isolated finding or if they occurred with
other displays of aggression. Nonetheless, the appearance
of this specific HP only in seizures starting in the frontal
lobe has interesting neurobehavioral implications, as the
propagating ictal discharge may temporarily cause loss of
the inhibitory control of the frontal cortex over subcortical
areas and release only partial manifestations of aggression,
for example, an aggressive HP.
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Future investigation should include a long-term pro-
spective study of ictal HPs to determine whether localiza-
tion prediction based on ictal HPs will significantly
correlate with the localization of surgical resection and
later outcome. This will allow validation of our findings
and evaluation of the impact of our research on the surgi-
cal decision. Additionally, it is entirely possible that sei-
zures starting from lobes other than frontal and temporal
may have HPs similar to the ones described here, or dif-
ferent ones. We decided not to pursue this line of
research, as in our surgical population the numbers of
patients with occipital, parietal, or mixed resections were
very limited. Consequently, the incidence of false-
positive HPs due to extratemporal or extrafrontal EZs
cannot be determined from this study. A similar study of
patients who underwent surgery for all focal seizures
should be attempted in the future, by possibly combin-
ing data from multiple centers. Conclusions reached by
this study, therefore, should only serve as a guide for dif-
ferential localization between temporal and frontal lobe
EZs and do not apply to the EZ localization of other
lobes, nor to sublobar localizations. Lastly, although con-
tralateral HPs usually appeared before ipsilateral HPs,
this information alone is not sufficient to use ictal HPs
for lateralization purposes in a clinical setting. Future
studies should address differences between contralateral
and ipsilateral ictal HPs.

Of note, although we did not analyze the evolution
of the primary HP, we noticed that in many cases the ini-
tial HP evolved into a different one as the seizure prog-
ressed. In particular, many HPs described in this study
evolved, later in the seizure, into the classic dystonic HP
described by Kotagal et al,9 defined as a “forced, unnatural
posturing, usually with a rotatory component, easily dis-
tinguished from tonic posturing.” In support of this obser-
vation, it is interesting to note how latencies of the HPs
we describe are 5 to 10 seconds shorter than those
reported by Kotagal et al.9 It will be interesting in a future
study to focus on the secondary evolution of HPs, and to
investigate how dystonic posturing correlates with the
presence or absence of a preceding specific HP. Evolution
may carry significance for localization in relation to the
primary HP.
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