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Abstract

Background/Aim: In the case of sudden cardiopulmonary arrest (CPA) in a patient in a dental practice, dental
professionals have to perform cardiopulmonary resuscitation (CPR) in the dental chair. However, not all dental
chairs are stable enough for performing chest compressions, as some do not contain steady support under the
backrest. We investigated methods for stabilizing the dental chair to increase the efficacy of chest compressions
performed in the chair.

Materials and Methods: Chest compressions (with a depth of 5.0 to 6.0 cm) were performed on a CPR manikin
that was laid on the backrest of a dental chair. The movement of the chest of the manikin and the displacement of
the backrest caused by the chest compressions were recorded as video data, and the mean amplitude of the
movement of the backrest at each compression depth was analyzed. We investigated the effect of three different
height settings of the dental chair and the use of a round stool as a stabilizer under the backrest on the stability of
the dental chair during CPR.

Results: Differences in the height settings of the dental chair did not significantly affect the vertical movement of
the backrest caused by chest compressions. The mean amplitudes of the movements of the backrest with and
without a stabilizer were 1.99+0.74 cm and 0.43+0.18 cm, respectively.

Conclusion: The placement of a round stool as a stabilizer under the backrest of a dental chair might increase

the effectiveness of chest compressions.
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Introduction

Various complications can arise during dental treatments. In severe
cases, they might result in cardiopulmonary arrest (CPA) in the
patient [1-7]. Dental professionals will then have to immediately start
cardiopulmonary resuscitation (CPR) while the patient is still seated in
the dental chair. Some studies have reported on useful tools (a bag-
valve-mask device for ventilation, an automated external defibrillator,
and emergency drugs) for treating CPA occurring in the dental
practice [8-10]. Moreover, statistical analyses of medical emergencies
in dental practices have been conducted [2,4,11]. However, only few
reports on performing chest compressions in the dental chair have
been published.

Effective chest compressions are the foundation of high-quality
CPR [12,13]. However, many types of dental chairs are too unstable
for performing chest compressions with an adequate depth because
they do not contain steady support between the backrest of the chair

and the floor. This instability of the dental chair may lead to
insufficient compression depth or excessive fatigue in rescuers.
Yokoyama et al. reported that effective chest compressions could be
performed in a dental chair that was firmly fixed to the floor [14]. It
has also been reported that the placement of a round stool under the
dental chair stabilized the backrest and improved the effectiveness of
chest compressions performed by rescuers [15]. However, these
reports did not analyze the movement and instability of the dental
chair when chest compressions with an adequate depth (as
recommended in the 2010 International Consensus on CPR and
Emergency Cardiovascular ~Care Science with  Treatment
Recommendations) are performed [16]. Therefore, the specific effect
of the stabilizer on the stability of the dental chair during chest
compressions remains unclear.

In this study, we investigated the effect of different seat heights and
the use of a round stool as a stabilizer on the movements and stability
of the dental chair during chest compressions.

Materials and Methods

Dental chair units

We used five different types of dental chair units in our study
(Table 1). All dental chairs were installed in the dental treatment room
at the Kyushu University Hospital.
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Positioning of the manikin used for cardiopulmonary
resuscitation in the dental chair

The CPR manikin (Resusci Anne Torso Basic; Laerdal Medical AS,
Stavanger, Norway) was laid on the horizontal backrest of the dental
chair. The upper end of the torso of the manikin was aligned with the
top edge of the backrest (Figure 1B). The surface of the backrest under
the lower half of the sternum of the manikin was levelled using a
levelling instrument (LV16-55; Muratec-KDS, Kyoto, Japan).

(a)  Hand position for chest compressions
(b, ¢) Top edges of the metal plates on the sternum
(d)  Median point between the two top edges
{e)  Point on the side of the manikin
(mot deformed by chest compressions)
in Point on the lower surface of the backrest
vertically under the chest compressions area

Figure 1: Setup of the manikin for measuring chest compression
depth and movement of the backrest. (A) The hand position for the
chest compressions (white ellipse; [a]) was the centre of the
manikin’s chest. The metal plates were attached in a U shape,
centering on the hand position. (B) Chest compression depth was
measured as the changes in the distance between (d) and (e). The
displacement of the point on the lower surface of the backrest (f)
was simultaneously measured with the vertical movements of the
backrest caused by chest compressions.

Measurements of chest compression depth and displacement
of the backrest

We used the center of the chest (the lower half of the sternum) as
the hand position for chest compressions, as recommended in the
European Resuscitation Council Guidelines for Resuscitation (2010)
and the 2010 American Heart Association (AHA) Guidelines [12,17].
Firm metal plates that could not be deformed by chest compressions
were used as indicators to measure chest compression depth. They
were attached in a U-shape, centering on the hand position on the
sternum (Figure 1A).

All chest compressions were performed by the first author who is an
AHA-certified Basic Life Support instructor. The amplitude of the
movement of the backrest of the dental chair by chest compression
was determined as the average of 3 to 14 chest compressions. Figure
1B shows the points used for measuring chest compression depth and
backrest movement resulting from chest compressions. The median

point (d) between the two top edges of the metal plates on the sternum
(b, ) was set as the indicator of the movement of the sternum. Chest
compression depth was measured as the changes in the length between
the steady point on the side of the manikin (e) and the median point
(d). The displacement of the point (f) on the lower surface of the
backrest (vertically under the area for chest compressions) was
measured at the same time as the chest compression-induced vertical
movements of the backrest.

Chest compressions of 5.0 to 6.0 cm were performed with and
without a stabilizer, and the deformation of the manikin and the
displacement of the backrest from its basal position were recorded
with a camcorder (HDC-SD3; Panasonic, Osaka, Japan). Video data
were transferred to a computer (iMac 11.1; Apple, Cupertino CA,
USA) using iMovie ’11 (Version 9.0.8; Apple, Cupertino CA, USA),
and the movies were converted into still images using QuickTime
Player 7 (Version 7.7.1; Apple, Cupertino CA, USA). The compression
depth of the manikin and the amplitude (degree of instability) of the
movement of the backrest were measured using the simultaneously
captured ruler as a reference.

Use of a round stool as a stabilizer

To examine the effect of a stabilizer on chest compressions, a round
stool with a hard seating surface (height, 46.0 cm; US-837H; Uchida
Yoko, Tokyo, Japan) was placed under the backrest of the dental chair.
The edge of the seating surface of the round stool was set to (vertically)
touch the backrest under the area for chest compressions (Figure 2).
Chest compressions (at the same seat height) were performed with and
without the round stool as a stabilizer.

Figure 2: Placement of the round stool as a stabilizer. The edge of
the seating surface of the round stool was set to (vertically) touch
the backrest under the area for chest compressions.
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Height adjustment of the dental chair

In order to examine the effect of different dental chair heights on
the stability of the chair during chest compressions, three different
height settings were tested. The lower limit of the seat height of each
dental chair unit was considered the lowest position. Chest
compressions were then performed at the lowest position of the dental
chair as well as 10 cm and 20 cm higher than the lowest position.

Statistical analysis

Data are presented as meantstandard deviation. All data were
tested with analysis of variance (ANOVA), followed by a paired
Student’s t-test for the comparison between two groups or a Tukey's
honestly significant difference test for multiple comparisons.
Probabilities less than 5% (P<0.05) were considered statistically
significant. Analyses were carried out using the Kaleida Graph
software in Japanese (Version 4.5.0; Synergy Software, Reading PA,
USA).

Results

Effects of the stabilizer (round stool) on the movement of the
dental chair

The vertical movements of the backrest of the dental chair induced
by chest compressions were measured with and without the use of a
round stool as a stabilizer. Chest compressions with a depth of 5.0 cm
induced a downward shift of the backrest of 1.56 + 0.57 cm without
the stabilizer. Deeper compressions tended to result in a larger
displacement of the backrest, and a compression depth of 6.0 cm
caused a downward shift of 2.28 + 0.90 cm. When the stabilizer was
used, the displacement of the backrest caused by the chest
compressions measured 0.37 + 0.14 cm (using a compression depth of
5.0 cm) to 0.50 + 0.20 cm (using compression depth of 6.0 cm). The
round stool placed under the backrest as a stabilizer significantly
reduced the amplitude of the displacement of the backrest at each
compression depth (Figure 3).
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Figure 3: Effect of the stabilizer (round stool) on the vertical
movements of the backrest caused by chest compressions. Results
are expressed as mean * standard deviation. Asterisks represent
significant differences ("P<0.05 and “'P<0.01).

Effect of dental chair height on the movement of the dental
chair

We measured the vertical movements of the backrest caused by
chest compressions when the dental chair was set to three different
heights. We obtained similar results, irrespective of the dental chair
unit that was used.

At the lowest position, chest compressions with depths of 5.0 cm
and 6.0 cm induced downward shifts of the backrest of 1.50 + 0.55 and
2.31 £ 0.57 cm, respectively. At the second height setting (10 cm
higher than the lowest position), chest compressions depressed the
backrest by 1.50+0.54 cm (using a compression depth of 5.0 cm) to
2.34 £ 0.64 cm (using compression depth of 6.0 cm). When the third
height setting of the dental chair (20 cm higher than the lowest
position) was used, chest compressions caused a downward shift of the
backrest of 1.51 + 0.54 cm (using a compression depth of 5.0 cm) to
2.33 + 0.67 cm (using compression depth of 6.0 cm; Figure 4). We
found no significant differences in the downward displacement of the
backrest at each compression depth for the three different dental chair
height settings.

©— Lowest position (LP)
—©— 10 cm higher than LP
—&— 20) cm higher than LP
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Figure 4: Effect of dental chair height on the vertical movement of
the backrest caused by chest compressions. Chest compressions
were performed at three different height settings of the dental chair.
Data are expressed as mean * standard deviation. LP, lowest
position.

Discussion

In this study, we investigated the effect of different seat heights and
the use of a round stool as a stabilizer on the movements and stability
of the dental chair during chest compressions. We show that, although
there was no significant effect of seat height on the stability of the
dental chair, the use of a stabilizer (in the form of a round stool placed
under the backrest of the chair) significantly reduced the amplitude of
the dental chair’s displacement of the backrest at each compression
depth.

The prompt commencement of chest compressions is crucial
during CPR [12,13]. In order to start chest compressions as quickly as
possible, CPR should be performed on location (where the patient has
the CPA). The efficacy of chest compressions that are performed in the
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dental chair vs. those that are performed on the floor during dental
emergencies has been discussed [15,18]. The extra time required to
move the patient from the dental chair to the floor should be taken
into consideration. According to the principle of the immediate start
of chest compressions, CPA occurring in the dental practice is
preferably treated in the dental chair, without having to move the
patient. Thus, ways to perform high-quality CPR in the dental chair
must be developed.

Performing chest compressions with adequate depth and rate is
crucial for providing high-quality CPR. During CPA in an adult,
rescuers should push the adult chest at a rate of at least 100
compressions per minute with a compression depth of at least 5 cm
[12,13,16,17]. Performing high-quality chest compressions is
physically demanding and can exhaust the rescuer. In our study, chest
compressions with an adequate depth could be performed in the
dental chair without the use of a stabilizer; however, the backrest of the
dental chair moved vertically during chest compressions, and the chest
wall recoiled. The mean amplitude of the movement of the backrest
caused by chest compression when no stabilizer was used was
approximately 2 cm (Figures 3 and 4). During CPR in the dental chair,
the vertical motion of the backrest induced by chest compressions
might increase physical fatigue in the rescuer by causing an increased
labor effort needed to push down the backrest. In addition, it is likely
that having to use extra strength impedes performing chest
compressions with an adequate depth. Hence, it is important to devise
methods for executing efficient chest compressions in the dental chair.

In this study, we simultaneously measured chest compression depth
(with a ruler) and the amplitude of the movement of the backrest (by
video-captured moving images). A CPR manikin system that is
capable of recording CPR performance is often used to measure chest
compression depth [15,19,20]. However, the maximum chest
compression depth measured by this manikin system is not always
temporally synchronized with the maximum amplitude of the
backrest. Thus, it is not easy to synchronize these two measured
values. We suggest that the method that was used for assessing chest
compression depth in this study facilitates synchronizing the two
measurements (chest compression depth and the amplitude of the
movement of the backrest).

The height of the dental chair seat likely affects the ease with which
a rescuer can push the chest vertically, since the height of the rescuers
also vary (i.e., it might be hard for a tall person to perform adequate
chest compressions on a patient seated in a dental chair with a low
height setting). Moreover, when chest compressions are performed, a
higher seat position might cause a decreased stability of the dental
chair. Thus, we assessed the effect of seat height on the vertical
movements of the backrest induced by chest compressions. Our data
show that differences in the height of the dental chair did not have a
statistically significant effect on the vertical movement of the backrest
caused by chest compressions (Figure 4). All types of dental chair units
used in this study were composed of two parts, the seating part and the
backrest. The seating part was firmly attached to the seat pedestal;
thus, the higher position of the seat did not influence the stability of
the seating part. The movement of the backrest seemed to be mainly
caused by insufficient strength of the joint between the backrest and
the seating part against the stress of chest compressions.

The round stool that was placed under the backrest of the dental
chair significantly reduced the mean amplitude of the movement of
the backrest caused by chest compressions with a depth of 5.0 to 6.0
cm (without the round stool, 1.99 + 0.74 cm; with the round stool, 0.43

+ 0.18 cm; Figure 3). The round stabilizer is relatively fixed beneath
the backrest under the area for chest compressions. The stabilizer must
have sufficient strength to withstand the chest compression-induced
vertical movements of the backrest. Moreover, it needs to have the
appropriate height so that chest compressions can be performed easily.
Many kinds of round stools with different heights are available.
Therefore, it is important that a round stool of a size that is suitable for
the dental staff potentially performing the chest compressions be
chosen.

Our data indicate that a round stool with a hard seating surface has
the suitable height for performing chest compressions and the
sufficient strength to suppress the vertical movements of the backrest
during chest compressions in the dental chair. However, it is
important that the start of CPR should not be delayed, and chest
compressions should not be interrupted in order to set a stabilizer. A
round stool is relatively inexpensive and can be easily obtained. The
usefulness of other types of stabilizers remains to be verified.

Conclusions

Our data show that the seat height of the dental chair does not affect
the stability of the chair’s backrest when performing chest
compressions. On the other hand, the use of a round stool as a
stabilizer significantly reduced the amplitude of the displacement of
the backrest at each compression depth. Thus, using such a stabilizer
might render chest compressions more effective.
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