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Abstract

A self-adjusting head holder is designed to allow stable fixation and precise positioning (anterior—posterior, pitch, and roll)
of guinea pig head in stereotaxic devices. These are achieved with no use of ear-bars. It is thus easy to use, preferable for
studies of the auditory system, and for avoiding tissue damage of the ear in general. This head holder can accommodate
various head sizes and is thus adapted for males and females of a large range of body weights, as confirmed for guinea pigs
of 360-940 g. Moreover, this head holder is easy and cost-effective to manufacture, making it accessible for any lab. Here,
we present background and mechanical rationale, the technical specifications, and step-by-step manufacturing instructions
for the stainless-steel and the plastic MRI-compatible versions of our self-adjusting head holder.
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Introduction

Optical imaging, MRI, and recordings of neuronal activity
in laboratory animals require immobilization of the head of
anesthetized animals. Standard stereotaxic devices for small
laboratory animals usually make use of ear-bars. Besides
the difficulties with ear-bar insertion, which requires certain
skills, the procedure can cause damage to the soft tissues
of the external acoustic meatus and tympanic membrane.
Ear-bar positioning may also interfere with the experimental
manipulations, for example, when recordings are performed
from the somatosensory or auditory cortices. To overcome
such problems, different designs of head holders without
ear-bars were proposed for mice [1-3], rats [4-9] and guinea
pigs [10]. For non-human primates, head fixation was usu-
ally performed by surgically attached to the skull devices.
Recently, for head fixation in small laboratory rodents,
metallic head-holding plates are used, both in behaving
[11] and anesthetized [12]. The head holder we proposed
in the past for guinea pig head fixation [10] fits the unique
arrangement of adult male guinea pig teeth. Specifically, the
two upper masticators and the rostral part of the hard palate
are positioned on the distal end of the mouthpiece, thus not
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allowing rostro-caudal movement due to a limiting tenon.
However, that head holder is compatible only with animals
weighing 400-750 g, but not with lower or higher weights.

The newly proposed head holder is very simple and con-
sists of only two components instead of five in the previous
head holder version [10]. It relies on three contact points
with the guinea pig skull: (1) the incisors; (2) the back of the
snout; (3) the premolars. Such triangular contact arrange-
ment provides reliable fixation of the head in anesthetized
guinea pigs. To maximize its size compatibility, this head
holder is designed not to be in contact with the molar teeth.
Instead, only the ventral tips of the two maxillary premolars
are fixed in the longitudinal grooves of the distal end plate
of the mouthpiece. This design allows adjusting of the ante-
rior—posterior position of the mouthpiece during mounting
to the optimal points of the skull, where the head can be
firmly fixed.

Materials and methods

Anatomical features of the guinea pig snout
involved in the head-holder self-adjusting
mechanism

Designing a head holder that fits guinea pig heads of dif-

ferent sizes, we focused on the skull structures previously
proven to be good anchoring points in head-holder designs
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for mice and rats: (1) incisors; (2) back of the snout; (3)
maxillary masticators and/or hard palate. The first two struc-
tures are similar in mice, rats and guinea pigs. The mastica-
tors, however, are different in guinea pigs (Cavia porcellus
Linnaeus) [13], and we suggested that their unique anatomi-
cal features can be used to facilitate self-adjustment of the
head holder to the animals with different head size. For this
purpose, we have studied the spatial arrangement of the
guinea pig teeth (incisors, maxillary premolars and molars)
in 11 skull preparations obtained from the guinea pigs that
were used in our previous studies [14, 15], during which the
head holder described here was designed and tested. The
body weights of these guinea pigs varied from 360 to 940 g
(median, 640 g). For head-holder manufacturing, two param-
eters of the skulls were determined: (1) the distance between
the tips of the two maxillary premolars and (2) the distance
between the inner side of the incisor necks and the tips of
the maxillary premolars. The first parameter varied between
4 and 5.2 mm (median, 4.45 mm), and the second, between
17 and 18.9 mm (median, 17.7 mm).

Manufacturing the mouthpiece

The mouthpiece configuration was designed to fit the
spatial arrangement of incisors and maxillary premolars
within the guinea pig snout. The mouthpiece was made of a
105-mm-long cylindrical rod, 10 mm in diameter, of which
the 45-mm-long proximal part remained intact and served
for attachment to the standard stereotaxic devices for small
laboratory animals. The distal part, 60 mm long, was first
shaped as a blank using a lathe machine (Fig. 1a). Then,
the blank was tapered towards the distal end by grinding its
opposite sides. The distal end of the mouthpiece was shaped
as a plate (end plate), 6 mm long, 9 mm wide and 3.5 mm
thick. On this plate, two parallel longitudinal 90° V-grooves,
a and S, were made such that the distance between a and f

is 4.45 mm, each at a depth of ~2.5 mm and length of 6 mm
(inset to Fig. 1). The medial walls of the grooves meet to
form a ridge (y) of under~75° angle. The dorsal edge of
the ridge was smoothed to prevent oral mucous membrane
from damage. The grooves are designed to fit the tips of the
maxillary premolars and to prevent any movement of the
guinea pig head.

To accommodate the incisors, a 5-mm-wide hole was
drilled 18 mm from the distal end of the mouthpiece
(Fig. 1b). Its edges were smoothed and polished to avoid
tissue damage to the gingiva and the mucous membrane
during mounting, when the incisors are wedged into this
hole. To attach the adjusting bolt that controls the distance
between the distal ends of the mouthpiece and snoutpiece, an
obround hole, 3 mm wide and 8 mm long, was prepared with
the center 45 mm from the tapered end of the mouthpiece.
To attach the adjusting bolt to the mouthpiece, two holes
were drilled perpendicular and projecting to the center of
the obround hole: one hole was 3 mm in diameter, the other
was drilled 2.5 mm in diameter, then tapped with a 3 M tap,
so that the attaching bolt is fixed without a nut. To form
an articulated joint between snoutpiece and mouthpiece, a
3-mm-wide hole was drilled 60 mm from the distal end of
the mouthpiece.

Manufacturing the snoutpiece

The blank for the snoutpiece was made of a stainless-steel
plate (2x50x 60 mm) as shown in Fig. 2a. The distal end
of the snoutpiece should be projected to the middle of the
distance between the hole for the incisors and the center
of end plate. It was slightly widened and bent such that it
can be positioned parallel to the dorsal surface of the snout
(Fig. 2b). The bottom surface of the distal end was curved to
form a saddle-shape that fits the back of the snout. The ends
of the upright bar were bent to embrace the mouthpiece.

Fig. 1 Stages of the mouthpiece manufacturing. a Blank; b manufac-
tured mouthpiece. 1 Grooves; 2 hole for incisors; 3 obround hole for
attaching the bolt that controls the distance between distal ends of the
snoutpiece and mouthpiece; 4 and 5 holes for the bolt that controls
head-holder opening (4 has a 3 mm diameter, 5 is supplied by 3 M
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thread; 6 hole for the bolt that attaches mouthpiece to snoutpiece.
Scale bar=10 mm. Inset front view of the distal end of the mouth-
piece. a, # Angles of the grooves; y angle formed by medial walls of
the grooves (ridge)
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Fig.2 Manufacturing the snoutpiece. a Blank. L1 and L2 represent
the length (60 and 50 mm, respectively), and W1 and W2, the width
(10 and 8 mm, respectively) of the top and upright bars. b Manufac-
tured snoutpiece. 1 Distal platform that is shaped to fit the back of the
guinea pig snout; 2 hole for the bolt that controls snoutpiece pressure;
3 and 4 hole and thread M3, respectively, for the bolt that connects
the snoutpiece with the mouthpiece. Scale bar=10 mm

Finally, three holes were drilled: two holes at the ends of
the upright bar for the bolt that connects the snoutpiece with
the mouthpiece (one was 3 mm in diameter, the other was
supplied by 3 M thread), and a top hole (3 mm in diam-
eter) for the bolt that controls the pressure exerted over the
snoutpiece.

Results
Spatial arrangement of the guinea pig masticators

Studying the spatial organization of the maxillary masti-
cators in the guinea pig skulls, we revealed the following
anatomical features: (1) the plane in which the tips of the
two rows of maxillary masticators lie is under an angle
of ~20° relative to the line that connects the necks of the
incisors with the tips of the most rostral masticators, i.e.,
premolars (Fig. 3); (2) the occlusal planes of the maxillary
masticators are directed ventro-lateral and form a near right
angle with their medial surfaces (Fig. 4); (3) the vertex of
this angle is directed ventral; (4) the premolars possess long
strong roots that make them suitable for reliable head fixa-
tion; (5) the ventral tips of the maxillary premolars are at a
distance of ~4.5 mm from each other, while the tips of the
most caudal molars are distanced by ~11.8 mm from each

Fig.3 Spatial relationships between incisors and maxillary mastica-
tors. a@ The angle between the plane of teeth fixation by the mouth-
piece and the plane of the arrangement of the tips of maxillary masti-
cators. 1 Incisors; 2 premolars; 3 molars. Scale bar=10 mm

other, so that the rows of the maxillary masticators form an
angle of ~38° (Fig. 5), and the molars do not interfere with
the axial movement of the mouthpiece when it is moved to
adjust to the guinea pig head size.

The unique arrangement of the maxillary masticators
allows reliable fixation of the guinea pig head using the
incisors, the back of the snout, and the tips of the maxillary
premolars as the third anchoring point. Adding two paral-
lel longitudinal grooves to the end plate of the mouthpiece
allows the tips of the premolars to slide along the grooves
until the incisors wedge into the hole. In this position, the
head can be fixed by lowering the snoutpiece.

Fig.4 Rostro-ventral view of the guinea pig teeth. 1 Incisors; 2 pre-
molars; 3 molars; 4 occlusal planes of the maxillary masticators.
Scale bar=10 mm

@ Springer



878

The Journal of Physiological Sciences (2018) 68:875-880

Fig.5 Angular arrangement of the maxillary masticators. 1 Incisors;
2 premolars; 3 molars; f the angle formed by two rows of maxillary
masticators. Scale bar=10 mm

Fig.6 Assembled head holders. a Stainless-steel version; b MRI-
compatible version. 1 Snoutpiece; 2 mouthpiece; 3 adjusting bolt; 4
nut of the adjusting bolt. Scale bars =10 mm

Assembling the head holder

The mouthpiece and the snoutpiece were assembled
together as shown in Fig. 6a. In a similar way, an MRI-
compatible head holder was manufactured using a Plexi-
glas rod and a plate (Fig. 6b). Prior to mounting of the
guinea pig head on the head holder, the guinea pig should
be anesthetized. The mouthpiece is gently inserted into the
guinea pig mouth until the grooves, at the distal end of the
mouthpiece, touch the ventral tips of the premolars. Next,
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Fig. 7 Triangular fixation of the guinea pig skull by the head holder
in sagittal plane. 1 Snoutpiece; 2 mouthpiece; 3 neck of the incisors;
4 dorsal surface of the snout (nasal bones); 5 maxillary premolars; 6
zygomatic arch; 7 entrance to the external acoustic meatus. The ver-
tices of the triangle indicate the places of head fixation to the head
holder. Scale bar=10 mm

Fig.8 Rostro-lateral view of the maxillary premolar contact with
the end plate of the mouthpiece. 1 Incisors; 2 distal end of the snout-
piece; 3 mouthpiece; 4 right and 5 left maxillary premolars; 6 distal
end of the mouthpiece; 7 the groove for the left premolar

the mouthpiece is advanced until the incisors slide into the
hole. The snoutpiece is then lowered until its distal end
touches the back of the nose, and the nut of the adjusting
bolt is tightened to fix the head in this position.

When the head holder is holding the guinea pig head,
the necks of incisors, the tips of the premolars, and the
back of the snout form a triangular fixation of the skull
to the head holder (Fig. 7). Such triangular contact of the
skull with the head holder facilitates reliable fixation of
the guinea pig head in the sagittal plane independently of
the head size.

Figure 8 illustrates relationships between anatomical fea-
tures of the premolars and the grooves on the distal end of
the mouthpiece. Note that only the premolars are in contact
with the relevant grooves on the mouthpiece end plate. As
can be seen, the premolars can occupy a more rostral or
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a more caudal position within the grooves if the head is
smaller or larger, respectively.

Under experimental conditions, the head of anesthetized
guinea pig is mounted on the head holder and then trans-
ferred into the stereotaxic device. The smooth end of the
mouthpiece is attached to the relevant clamping unit of the
stereotaxic device, and the skull is aligned using the stere-
otaxic coordinates of the device.

Performance of the head holder

The evaluation of the utility of any head holder is based on
its ability to perform reliable head fixation and on its com-
patibility with animals of a large variety of body weights.
For head holders that are designated for recording of neu-
ronal activity in laboratory animals, stable and continuous
head fixation is critical. For these head holders, the duration
and stability of single unit recording is a very important
indicator, as well as maintaining precise spatial relationships
between recorded units when multiple brain penetrations are
performed. The stability of head holding depends on the
spatial position of the skull structures that are in contact
with the head holder, while avoiding tissue deformation.
In our head holder, head fixation is based on contacts with
solid structures of the skull: the incisors, the premolars and
the back of the nose (nasal bones), which form an approxi-
mately equilateral triangle in the sagittal plane (see Fig. 7).
The compatibility of the head holder with a large range of
guinea pig body weights is due to the grooves on the distal
end of the mouthpiece, where the ventral tips of the pre-
molars can be fixed at any point along 6-mm-long grooves.
The efficiency, stability, and reliability of this head holder
were proven in two separate published studies that were con-
ducted with different aims.

In the first study, the aim was to investigate the spatial
organization and functional vibrissal representation of bar-
rels in the posteromedial barrel subfield using multiple pre-
cise electrode penetrations and brief neuronal recordings
[14]. The head of each anesthetized guinea pig was fixed by

Table 1 Performance of the head holder in two studies [8, 15]

the head holder without ear bars we describe here, placed
into Narishige (Japan) stereotaxic device, and arrays of four
electrodes were lowered into the somatosensory cortex per-
pendicularly to its surface. Mapping of the barrel field was
performed according to neuronal responses to mechanical
stimulations applied to different individual whiskers. The
location of each penetration was determined in relation to
the bregma by direct measurements with an ocular-microm-
eter and by mapping on an enlarged photograph of the super-
ficial blood vessels of the particular brain being studied.
Upon completion of the recording of neuronal responses,
recording sites were marked by passing electrical currents
through the tips of the electrodes, inducing lesions. These
lesions were then visualized in brain slices, by staining for
cytochrome oxidase activity, and used to reconstruct the map
of penetrations in each experiment.

The aim of the second study was revealing the dynamics
of the neuronal activity in the auditory cortex of the guinea
pig in response to local iontophoretic application of acetyl-
choline and its muscarinic agonist carbachol [15]. For this
aim, single penetration recordings of neuronal activity that
are stable and long-lasting were imperative. An apparatus
for such recordings and simultaneous iontophoretic drug
application was used. While this apparatus could be used
only vertically, the lateral location of the auditory cortex
required turning of the head in order to achieve recording
along cortical columns. Our head holder allowed turning of
the head such that the actual penetration by the apparatus
was perpendicular to the cortical surface. Basic data of these
two studies are summarized in Table 1.

Functional mapping of the brain structures by using mul-
tiple cortical penetrations and brief recording sessions, as
well as measuring the effect of drag application by using
a single penetration and continuous recording of neuronal
activity were successful due to the stability of head fixa-
tion. Coupling of the head holder with a standard stereotaxic
device allowed positioning of the electrodes perpendicular to
the brain surface and electrode advancing through a single
cortical column.

Study Num- Minimal Maximal Duration of  Total Total num-  Duration of  Number of  Distance
ber of body weight body weight the experi-  number of ber of single stable unit mapped sites between
animals  (g) (2 ment (h) recorded units recording (h) per animal mapped sites

units (pm)

Anatomy of 41 360 760 1-2 - - - >20 ~300

cortical
representa-
tions

Recording 38 380 940 10 on aver- 291 94 0.5-3.5 - -

of cortical age
neuronal
activity
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Discussion

The idea to use head holders without ear-bars for head fixa-
tion in small laboratory animals is not new. In about all head
holders proposed up to date, the incisors and the back of the
nose are commonly used as points for head fixation. For a
third fixation point, some studies used the hard palate [6,
7, 9] and others the masticators [2, 5, 8, 16]. Manufactur-
ers of stereotaxic equipment also proposed clamp-like head
holders for mice and rats [David Kopf Instruments (Models
920-E and 921-E); Narishige (Models SH-14 and SH-16)].
Only one model was designed to fix the guinea pig head
(Narishige, Model SH15, a special-order item). All these
head holders have a common mechanism of head fixation:
a clamp-like pressing of the snoutpiece against the mouth-
piece, thereby allowing access to the animal’s head from
all directions, except from the rostral. To gain access from
the rostral direction, Fried and colleagues [17] constructed
a U-shaped head holder with four pairs of bolts applied to
the sides of the skull. An original design of the head holder
without ear bars for rats was proposed by Heimer and col-
leagues [4], who fixed the head with two needles tightened
onto the posterior part of the occipital bone. To accommo-
date variations in head size, Frommer [5] offered a modifi-
cation of the Erickson’s [16] head holder for rats that con-
sisted of additional bolts that control the distance between
the flanges of the mouthpiece. In another study [7], adapta-
tion to the animal size was implemented by using two head
holders with different mouthpieces: one for rats weighing up
to 250 g, and the second for rats weighing up to 500 g. The
compatibility of our head holder with different head sizes
is based on a new principle. It allows the premolars to slide
in rostro-caudal direction along the grooves until reaching
the optimal position corresponding to the head size of the
individual animal. At this position, the head is fixed. This
head holder makes contact with solid sites of the skull that
are resistant to pressure: incisors, premolars, and the back
of the nose (nasal bones), thus achieving stable continuous
and reliable head fixation without damaging any soft tissue.
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