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Abstract Purpose: Diagnosis of
pneumothorax (PTX) in newborn
infants has been reported as late. To
explore diagnostic indices for early
detection of progressing PTX, and
offer explanations for delayed diag-
noses. Methods: Progressing PTX
was created in rabbits (2.3 ± 0.5 kg,
n = 7) by injecting 1 ml/min of air
into the pleural space. Hemodynamic
parameters, tidal volume, EtCO2,
SpO2, blood gas analyses and chest
wall tidal displacements (TDi) on
both sides of the chest were recorded.
Results: (Mean ± SD): A decrease
in SpO2 below 90 % was detected
only after 46.6 ± 11.3 min in six
experiments. In contrary to the
expected gradual increase of CO2,
there was a prolonged transient
decrease of 14.2 ± 4.5 % in EtCO2

(p \ 0.01), and a similar decrease in
PaCO2 (p \ 0.025). EtCO2 returned
back to baseline only after
55.2 ± 24.7 min, and continued to
rise thereafter. The decrease in CO2

was a mirror image of the
14.6 ± 5.3 % increase in tidal vol-
ume. The analysis of endotracheal

flow and pressure dynamics revealed
a paradoxical transient increase in the
apparent compliance. Significant
decrease in mean arterial blood pres-
sure was observed after
46.2 ± 40.1 min. TDi provided the
most sensitive and earliest sign of
PTX, decreasing on the PTX side
after 16.1 ± 7.2 min. The TDi pro-
gressively decreased faster and lower
on the PTX side, thus enabling
detection of asymmetric ventilation.
Conclusions: The counterintuitive
transient prolonged decrease in CO2

without changes in SpO2 may explain
the delay in diagnosis of PTX
encountered in the clinical environ-
ment. An earlier indication of
asymmetrically decreased ventilation
on the affected side was achieved by
monitoring the TDi.
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Introduction

Pneumothorax (PTX) is a serious complication that
develops in mechanically ventilated and spontaneously
breathing neonates. The incidence of PTX in very low
birth weight infants (\1,500 g) is between 3 and 14 %

[1–6]. The potential for irreversible brain damage or death
is very high [7–10], with mortality rates as high as 43 %
[5, 6, 11, 12].

McIntosh et al. [11, 13] have identified the PTX onset
time from retrospective analysis of transcutaneous gas
records. They have suggested that the probable delay
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from PTX onset time to diagnosis and treatment, using the
current monitoring methods in the neonatal intensive care
unit (NICU), ranges from 45 to 660 min (median
127 min). They have also suggested that closer surveil-
lance and analysis of the trends in the monitored signals
may decrease the time to diagnosis of PTX [11, 13].

Delayed diagnosis of PTX and its severe consequences
has led others to suggest additional modalities for earlier
detection of progressing PTX, based on breath sounds
analysis [14, 15] and electrical impedance tomography
(EIT) [15, 16]. These modalities are currently not in
routine clinical use. These studies have used a large
electronic stethoscope (1 in. in diameter) fastened to the
chest by a relatively large load of 250–300 g [14]. EIT
requires the application of multiple electrodes at equi-
distances around the thorax [15, 16]. These methods are
not easy to apply on premature neonates in the NICU.

Our group recently described the feasibility and potential
utility of monitoring the amplitude and symmetry of lung
ventilation by miniature motion sensors attached to both
chest wall sides, in infants ventilated with high frequency
oscillatory ventilation (HFOV) [17]. This modality may
enable an early recognition of deteriorating ventilation, as
early as 22.4 ± 18.7 min before hypoxemia evolves during
HFOV [17]. The high sensitivity to changes in lung venti-
lation were further validated in rabbits in which deceases in
inspiratory pressure (simulates tube obstruction), one lung
ventilation and PTX were induced [18].

The objectives of the present study were: (1) To
decipher why the diagnosis of PTX is delayed by ana-
lyzing the trends of oxygenation, blood gas analysis, end-
expiratory CO2 concentration (EtCO2), tidal volume (VT),
endotracheal tube pressure and hemodynamic parameters;
(2) To assess the utility of monitoring the amplitude and
symmetry of the tidal displacement indices, for earlier
diagnosis of a progressing PTX.

Methods

The experiments were performed on healthy male New
Zealand rabbits, after approval by the Institutional Ethics
Committee for the Care and Use of Animals. The rabbits
were anesthetized by IM injection of xylazine (5 mg/kg),
ketamine (35 mg/kg), and acepromazine (1 mg/kg). One-
third of the dose was added every 20 min.

Conventional mandatory ventilation was used, via
tracheostomy, with a pressure controlled ventilator (SLE
2000, SLE, Surrey, UK). Initial parameters were: respi-
ratory rate (RR): 20/min; peak inspiratory pressure (PIP):
18 cmH2O; and positive end expiratory pressure (PEEP):
3 cmH2O. These parameters were adjusted to maintain
normal arterial blood gases tensions [19] during baseline
measurements (Roche OPTI CCA, Mannheim, Germany).

Inspired oxygen fraction (FiO2 = 0.21) and inspiratory
time (0.36 s) were kept constant in all the experiments.

Lung ventilation dynamics were measured by attach-
ing two miniature (\1 g, 5 mm diameter) motion sensors
to both sides of the chest, at the mid-clavicular line at the
level of the 4th or 5th intercostal spaces. A third sensor
was attached to the epigastrium, as described previously
[17, 18]. The motion signals were acquired using the
Pneumonitor� (Pneumedicare, Yokneam, Israel).

Study protocol

Slowly progressing PTX was induced by inserting a chest
tube (10 Fr) into the left (n = 5) or right (n = 2) pleural
space, in the tenth intercostal space at the mid-axillary
line. The tube was connected to an automatic syringe
pump (Graseby 3100, SIMS Graseby Ltd., UK) which
injected air at a constant rate of 1 ml/min. Injection
continued at least 10 min after a persistent decrease in
SpO2 below 90 % and an increase in the EtCO2, or until
overt respiratory distress with spontaneous breathing and
cardiovascular decompensation appeared. During the
experiment, PTX size was assessed using transillumina-
tion of the chest. The animals were euthanized by
pentobarbital overdose.

EtCO2 was measured by side-stream capnography
(Datex Multicap, Helsinki, Finland). Air flow was mea-
sured by a Fleisch pneumotachograph (TSD137, Harvard
Apparatus, Holliston, MA, USA). Vital signs (ECG, BP
and SpO2) were monitored by an anesthesia/ICU monitor
(Datex-Ohmeda, Type F-CU8, Instrumentarium Corp.
Helsinki, Finland)

Data analysis

ECG, BP (via arterial line in the ear artery), SpO2, EtCO2,
airway pressure (Millar Instruments Inc., Houston, Texas,
USA), airway flow, and tidal displacements (TDi) of the
right (TDiR) and left (TDiL) sides of the chest and
abdomen (TDiA) were continuously acquired (5 kHz).
The parameter ratioTDi, defined as the ratio of TDi on the
PTX side to TDi on the contralateral side, characterized
ventilation symmetry. The end expiratory tilt of the chest
sensors (TiltEE) was also continuously monitored. Arterial
blood gas tensions were measured at baseline, every
20–30 min thereafter, and at the end.

The lumped compliance and resistance of the respiratory
system were assessed from the endotracheal tube flow and
pressure [20]. The resistance was derived from the work
enclosed within the pressure–volume loop during each
breath. The compliance was calculated from the exponen-
tial decay of the expiratory flow during the late expiration
phase, after finding the lumped resistance.
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Statistical analysis

Values are presented as mean ± SD. Differences between
specific data means were evaluated by the Wilcoxon
signed-rank test and a p value \0.05 was considered
significant. A 20 % change from baseline of all the trends
studied was used as a threshold for denoting the occur-
rence of a significant change, excluding SpO2 in which a
persistent drop below 90 % was considered as the
threshold for a significant decrease. Matlab (Mathworks,
Inc., Natick, Massachusetts, USA) and Excel (Microsoft
Office 2003, Microsoft Corp., Redmond, Washington,
US) were used for data and statistical analyses.

Results

The rabbits (n = 7, weight 2.3 ± 0.5 kg) were ventilated
at a respiratory rate of 19.6 ± 2.8 (min-1), PIP of
17.4 ± 1.5 cmH2O, with PEEP of 3.14 ± 0.4 cmH2O.
The measured VT at baseline was 21.5 ± 3.4 ml.

Figure 1 presents the trends from a single experiment
of progressing PTX in the left side (starting at time zero).
PTX caused a gradual decrease in mean arterial blood
pressure (MABP) with an increase in heart rate (HR). The
expected decrease in SpO2 and increase in EtCO2

appeared very late, 34.8 and 38 min after PTX onset,
respectively. Interestingly, the EtCO2 initially decreased
by 12.6 % from baseline, reaching a minimal value
22.9 min after PTX onset, and only then did it gradually
increase. The trend of VT mirrored the changes in EtCO2,
with a gradual initial increase of 13.5 % in VT relative to
baseline.

The trends of the chest wall displacement indices
(TDis) depicted the development of asymmetric ventila-
tion between both chest sides. The tidal-displacement on
the PTX (left) side (TDiL) decreased faster and to lower
values in comparison with the contralateral side (TDiR).
The symmetry index (RatioTDi) decreased by 20 % rela-
tive to baseline 24.2 min after PTX onset. The tilt of the
chest was measured at the end of the expiratory phase
(TiltEE), and it showed monotonic increase in tilt due to
gradual chest expansion.

Figure 2 presents a close-up of the signals at baseline
(Fig. 2a) and at the time of minimal EtCO2, 23 min after
the onset of PTX (Fig. 2b). Note the decrease in peak
EtCO2 and increase in VT that were associated with a
decrease in the amplitude of the left motion sensor signals
(used to calculate TDiL).

Figure 3 compiles the results from all the experiments
(n = 7), where five PTX were induced on the left side and
two on the right side. Baseline values of HR, EtCO2 and
PaCO2 were 177 ± 23 BPM, 3.51 ± 0.30 % and 38.14 ±
4.22 mmHg, respectively. The normal value of PaCO2 in
healthy rabbits is around 37.0 [19]. All experiments

presented identical trends, independently of the PTX side.
There was an initial decrease in EtCO2 associated with an
increase in VT. A clear minimum in EtCO2 was obtained in
all experiments, 14.2 ± 4.5 % lower than baseline
(p \ 0.01). Since there were variations in the time of
occurrence of the phenomena, the time scale was normal-
ized according to the time of minimum EtCO2 (indicated as
normalized time 1). This minimum in EtCO2 was reached
28.2 ± 11.8 min after the onset of air injection. Thereafter
the EtCO2 gradually increased and reached the baseline
value again only after 55.2 ± 24.7 min, as detailed in
Table 2.

Conspicuous biphasic changes in VT are also seen in
Fig. 3, which mirrored the changes in EtCO2. VT gradually
increased to a maximum after 22.5 ± 8.5 min. The maxi-
mal VT was 14.6 ± 5.3 % higher than baseline (p \ 0.01).
VT fell below baseline only after 41.2 ± 15.8 min. The

Fig. 1 Progressing left pneumothorax produced an overt continu-
ous decrease in left tidal chest wall displacement (TDiL), with a
20 % decrease in TDiL after 20.1 min. A 20 % change in the
symmetry of ventilation (RatioTDi) was identified after 24.2 min,
while the SpO2 decreased only after 34.8 min. Interestingly, the
EtCO2 presented a prolonged transient initial decrease, with a
mirror transient increase in tidal volume (VT). MABP Mean arterial
blood pressure, HR heart rate, TDiR and TDiL right and left tidal
displacement indices, respectively, TiltEE the tilt of the chest
sensors at end expiration
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transient decrease in EtCO2 was observed also in the blood
gas results (Table 1). The PaCO2 decreased from 38.1 ±
4.2 mmHg at baseline to 32.9 ± 3.4 mmHg (p \ 0.025)
29.2 ± 12.0 min after PTX onset. Thereafter, the PaCO2

increased back to 37.7 ± 4.8 mmHg, 49.8 ± 13.7 min
after PTX onset.

Decreases in SpO2 and PaO2 came very late in all
cases. In six experiments the SpO2 dropped below 90 %
only after 46.6 ± 11.3 min. In one experiment the SpO2

remained around 95 %. This experiment was stopped
after 96.5 min due to cardiorespiratory failure and severe
respiratory distress with vigorous spontaneous breathing.
The blood gas samples revealed a significant decrease in
PaO2 from 84.6 ± 8.50 to 71.0 ± 13.3 mmHg (p \ 0.05)
after 49.8 ± 13.7 min (Table 1). The late decrease in the
SpO2 and increase in EtCO2 were associated with the
development of spontaneous breathing in all experiments,
which appeared after 46.5 ± 17.9 min.

Significant hemodynamic changes appeared in all
experiments. The MABP decreased by 20 % after

46.2 ± 40.1 min. Only five animals showed increases in
HR of more than 20 %, appearing 14.9 ± 8.30 min after
PTX induction.

The progressing PTX had clear effects on tidal
displacements. TDiR and TDiL decreased with the pro-
gression of the PTX, until spontaneous respiration occurred
(Fig. 3). The decrease in TDi was faster and larger on the
PTX side. A 20 % decrease in TDi on the PTX side was
reached after 16.1 ± 7.2 min, while a similar 20 %
decrease appeared only after 30.2 ± 27.9 min on the
contralateral side. There was a significantly deeper drop in
TDi on the PTX side relative to the contralateral side: to
32.0 ± 15.7 versus 59.7 ± 14.8 % of baseline values,
respectively (p \ 0.01). The symmetry index (ratioTDi)
decreased by 20 % after 20.0 ± 12.4 min. The gradual
accumulation of air within the pleural space was also
associated with a slow and progressive increase in chest tilt.

The apparent resistance and compliance of the respi-
ratory system were evaluated from the analysis of the

Fig. 2 Close-up of the raw signals at baseline (a) and at the time of
minimal recorded EtCO2 (b). The paradoxical decrease in peak
EtCO2 and the increase in the tidal volume (VT) were associated
with a decrease in the amplitude of the left motion sensor signals
(LeftFILT filtered data that was used for calculating the TDiL). The
motion sensor signals were normalized to the baseline levels

Fig. 3 Compiled data from all experiments (mean ± SD) revealed
that the counterintuitive transient initial decrease in EtCO2 and
increase in the tidal volume (VT) were observed in all experiments.
The decrease in the TDi on the PTX side, and the development of
asymmetric ventilation (ratioTDi) provided an early indication for
the progressing PTX. The time scale in each experiment was
normalized by the time it took to reach a minimum of EtCO2
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endotracheal tube flow and pressure (Fig. 4a), and the
pressure–volume loop (Fig. 4b). The apparent resistance
progressively increased with PTX size (Fig. 4c). Apparent
compliance appeared to have a biphasic behavior, with
a transient increase, resembling the biphasic changes in
VT (Fig. 4c). Figure 5 compiles the calculated changes in
the apparent resistance and compliance. The mean resis-
tance and compliance at baseline were 0.081 ± 0.008
cmH2O s/ml and 2.62 ± 0.53 ml/cmH2O, respectively. In
all the experiments, a gradual continuous increase in the
resistance to flow was observed. The changes in compli-
ance resembled the changes in VT, and presented a
mirror image of the changes in EtCO2. The maximal

compliance appeared after 21.3 ± 7.1 min, reaching a
value 13.7 ± 5.2 % (p \ 0.01) greater than baseline.
The mean compliance dropped below baseline only after
40.9 ± 20.1 min.

Discussion

The study reveals the following significant findings that
may explain the prolonged delay in the diagnosis of PTX,
and may assist in earlier identification of PTX, especially
in the NICU:

Table 1 Blood gas analysis results at baseline and during progressing PTX (mean ± SD)

Baseline #1 (29.2 ± 12.0 cc) #2 (49.8 ± 13.7 cc) Last (83.1 ± 19.8 cc)

PH 7.47 ± 0.03 7.51 ± 0.03 7.46 ± 0.05 7.41 ± 0.05
PaO2 84.6 ± 8.5 85.7 ± 7.9 71.0 ± 13.3 71.7 ± 11.2
PaCO2 38.1 ± 4.2 32.9 ± 3.4 37.7 ± 4.8 40.9 ± 5.7
SpO2 96.4 ± 0.8 97.1 ± 0.7 92.7 ± 5.0 92.7 ± 3.9
Bic 27.5 ± 3.3 25.5 ± 3.4 26.4 ± 3.0 25.5 ± 4.1
BE 3.7 ± 3.1 2.8 ± 3.4 2.6 ± 3.0 0.8 ± 4.1

A significant decrease in PaCO2 was observed after 29.2 ± 12.0 min (p \ 0.025), and a significant decrease in PaO2 was observed after
49.8 ± 13.7 min (p \ 0.05)

Fig. 4 The apparent resistance and compliance of the respiratory
system were evaluated from the analysis of the endotracheal tube
flow, flowETT, and pressure, PETT (a), and the related pressure–
volume loops (b). While the apparent respiratory system resistance

progressively increased, the apparent compliance showed a
biphasic behavior. The transient increase in compliance resembled
the biphasic changes observed in tidal volume (VT) (c)
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(1) There was a counterintuitive initial significant
decrease in EtCO2 and PaCO2, which returned to
baseline levels only after a prolonged delay of
approximately 1 h (55.2 ± 24.7 min).

(2) The biphasic changes in EtCO2 were associated with
mirror transient increases in VT.

(3) The apparent compliance of the respiratory system
exhibited a transient initial increase.

(4) The delayed decrease in blood oxygenation (46.6 ±
11.3 min) appeared when PTX reached large
dimensions.

(5) Early identification (16.1 ± 7.2 min) of PTX was
feasible by detecting progressive decreases in the
TDis, especially on the PTX side.

(6) TDi monitoring enabled detection of asymmetric
ventilation, important diagnostic information.

(7) Monitoring the chest wall tilt at end-expiration
enabled detection of progressive chest cavity
distention.

The counterintuitive initial prolonged decrease in
CO2 concentration (PaCO2 and EtCO2) and the late
decrease in saturation can explain the delay in diag-
nosing PTX. Interestingly, the delayed decrease in

oxygen saturation, after the injection of approximately
20 mL/kg of body weight, has been previously reported
[15]. McIntosh et al. [11, 13] have noticed that in many
cases the initial PaCO2 level was relatively low, thus
raising the possibility that these patients were over-
ventilated, and that over-inflation might have been the
cause for the development of PTX. However, the rela-
tionship between over-inflation and the development of
PTX is not trivial. Watkinson et al. [3] investigated
whether patients that were unintentionally over-venti-
lated and had subsequent hypocapnia suffered from high
incidence of PTX, and did not find such a causative
association.

The manifestation of a progressing PTX with mild
hypocapnia has not yet been described in the clinic. There
can be several explanations for this: (1) the PTX-induced
decrease in CO2 is very mild and can be easily overlooked
in the clinical arena; (2) various changes in the metabo-
lism and the ventilation parameters may cause variability
in the CO2 levels in humans and mask the hypocapnia;
(3) when a decrease in CO2 was detected in premature
infants that suffered from PTX, it was not recognized as
part of the manifestation of the PTX, but rather suspected
to be associated with hyperventilation causing the PTX
[11, 13]; and (4) the accuracy of EtCO2 is lower in the
presence of lung disease with nonuniform or dynamic
changes in the ventilation/perfusion relationship within
the lungs [21].

The mechanism for the decrease in CO2 in the early
stages of PTX is unclear. It was associated with parallel
increases in tidal volume and apparent respiratory system
compliance, suggesting a cause-and-effect relationship.
The first possible mechanism relates to nonlinearity and
the dependence of lung compliance on the functional
residual lung capacity (FRC). PTX increases the pleural
pressure and decreases the transpulmonary pressure,
therefore also reducing the FRC. A second plausible
explanation relates to the effects of the circulatory system
on lung compliance. Decreased lung compliance due to
increased pulmonary blood volume has been described
before in the presence of a patent ductus arteriosus
[22–24] and with lung congestion due to heart failure
[25]. PTX may represent the opposite effect, where lung
compliance increases due to a decrease in pulmonary
blood volume. Pulmonary blood volume decreases due to
the increase in the intrapleural pressure. A third plausible
mechanism may be the activation of the sympathetic
system. Activation of the sympathetic system leads to
hyperventilation, by increasing both the breath rate and
the tidal volume [26, 27]. Interestingly, the increase in
tidal volume is the dominant result [26, 28]. Transient
changes in EtCO2 may also result from variations in
ventilation/perfusion relationships during the emergence
of PTX.

Fig. 5 In all the experiments there was a similar transient increase in
apparent compliance. The time course of the changes in the compliance
presented a mirror image of the changes in EtCO2. The apparent
resistance to flow gradually increased with the progressing PTX
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Another conspicuous observation is the ability to
detect the development of PTX by monitoring the
amplitude and symmetry of the chest wall tidal dis-
placement. Progressing PTX causes gradual decreases in
TDis, especially on the side of PTX. This enables an early
detection of deteriorating ventilation almost half an hour
before SpO2 decreases (Table 2). Monitoring the changes
in TDi may also facilitate diagnosis, since it reveals the
development of asymmetric ventilation. Monitoring the
changes in sensor tilts shows that the chest cage gradually
expands during the development of progressive PTX, as
has been described previously by others [29, 30]. The
potential of the suggested modality was discussed in a
recent editorial [31].

Detection of deterioration before the development of
life threatening conditions is of great importance, as pre-
vention may be more desirable than a cure [31]. Moreover,
several studies described a conservative approach for
asymptomatic infants [32, 33]. However, it is currently
impossible to predict who will develop tension PTX, and
when it will occur. Monitoring the symmetry and ampli-
tude of ventilation may provide key information whether
PTX is resolving and a conservative approach is appro-
priate, or when there is a continuously progressing
deterioration and treatment should be considered.

Other modalities, such as respiratory inductive pleth-
ysmography [34–36], total body plethysmography [37]
and EIT [15, 16] monitor the changes in the chest cavity
volume. However these modalities are cumbersome and
therefore are rarely used in the NICU setting. Measure-
ment of pressure and flow at the endotracheal tube are
insensitive to the development of asymmetric ventilation.
Recent studies suggest that lung ultrasound is more

accurate than X-ray particularly in ruling out PTX [38,
39]. Therefore lung ultrasound may be used as an initial
diagnostic study in patients with suspected PTX. [38, 39].

Limitations

This study was performed in ventilated rabbits with nor-
mal lungs. It should be also investigated in a model with
sick lungs. The identification of asymmetric ventilation by
monitoring the chest wall dynamics may be limited with a
stiff chest wall, as in adults. However, the chest wall of
neonates and infants is very flexible and has a significantly
larger compliance than the underlying lungs [40].

Conclusions

The present study has revealed novel and counterintuitive
observations. PTX induced a prolonged transient decrease
in CO2 in ventilated animals, with a mirror transient
increase in the tidal volume and lung compliance, while
hypoxemia developed at a very late stage. These obser-
vations masked the commonly accepted pathognomonic
signs of PTX leading to delayed diagnosis. It has been
shown that the early detection of PTX was feasible by
monitoring the amplitude and symmetry of the chest wall
tidal displacement. The method can facilitate correct
diagnosis by localizing the PTX side and quantifying the
severity of the progressing PTX. The potential clinical
utility should be explored in a clinical study in NICUs.

Table 2 The times of occurrence of the detected changes in ventilation indices, and the relative amplitudes of the observed changes in the
seven experimental animals

1 2 3 4 5 6 7 Mean STD

Time to (min)
20 % drop in TDi 10.3 8.1 20.1 24.1 15.4 9.4 25.4 16.1 7.2
20 % decrease in Ratio TDi 32.0 8.6 24.2 35.5 19.8 0.2 19.7 20.0 12.4
Min EtCO2 37.8 22.2 22.9 51.0 23.3 18.6 21.6 28.2 11.8
Peak Compliance 21.8 19.3 21.9 36.0 17.3 13.6 19.6 21.3 7.1
Peak VT 27.8 19.3 17.9 39.0 13.3 19.6 20.6 22.5 8.5
Back to baseline EtCO2 62.8 38.2 37.8 101 38.3 36.6 71.6 55.2 24.7
Back to baseline Compliance 44.8 – 28.8 75.0 23.3 33.6 – 41.1 20.5
Back to baseline VT t 49.8 34.2 29.8 73.0 27.3 34.6 39.6 41.2 15.8
SpO2 below 90 % 60.0 51.9 34.8 58.0 38.5 36.7 – 46.6 11.3

Maximal (%)
Decrease in EtCO2 21.1 7.1 12.6 13.6 12.5 14.6 18.3 14.2 4.5
Rise in Compliance 17.7 9.1 12.5 20.4 5.8 12.8 17.4 13.7 5.2
Rise in VT 22.1 5.9 13.5 14.9 10.9 15.8 19.1 14.6 5.3

Minimal TDi (%)
PTX side 22.1 51.8 26.0 9.7 43.3 28.2 25.1 29.5 14.0
Contralateral side 51.4 70.0 54.2 79.6 62.3 45.3 41.1 57.7 13.7
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