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Einleitung

Dynamisch-stenotische Erkrankungen der oberen Atemwege verursachen in Belastung
auffällige Atemgeräusche und gehören zu den häufigsten Gründen für eine Leistungsschwäche
bei Rennpferden (MORRIS and SEEHERMAN 1991, STICK et al. 1999, MARTIN et al. 2000,
DART et al. 2001, LANE et al. 2006a, b, FRANKLIN 2008, VAN ERCK-WESTERGREN et
al. 2013, FRANKLIN and ALLEN 2017). Es wurde mehrfach dokumentiert, dass eine
Endoskopie im Ruhezustand des Pferdes alleine zur Diagnosefindung bei einer Obstruktion im
Bereich der oberen Atemwege unzureichend ist. Nur durch den klinischen Befund eines
auffälligen Atemgeräusches und/oder das Auftreten einer Leistungsschwäche und die
Ergebnisse einer Ruheendoskopie ist keine definitive Diagnose zu stellen (KANNEGIETER
and DORE 1995, PARENTE and MARTIN 1995, TAN et al. 2005, LANE et al. 2006).
Trotzdem ist die Ruheendoskopie von großer Bedeutung, um vorab größere strukturelle
Abnormitäten auszuschließen und die Larynxfunktion einzuschätzen und zu graduieren
(HACKETT et al. 1991, LANE et al. 2006b, DIXON et al. 2001, BARAKZAI and DIXON
2011).

Der Goldstandard zur Untersuchung von Obstruktionen im Bereich der oberen Atemwege ist
die Endoskopie unter Belastung. In der Vergangenheit wurde diese auf dem Laufband
durchgeführt (MORRIS and SEEHERMAN 1991, Stick et al. 1992, KANNEGIETER and
DORE 1995, DART et al. 2001, LANE et al. 2006, ALLEN et al. 2016, ALLEN and
FRANKLIN 2010). Hier findet die Untersuchung in einem kontrollierten Umfeld statt, ist leicht
standardisierbar und kann bis zur Ermüdung des Pferdes durchgeführt werden. Zudem kann
gleichzeitig weitere Diagnostik vorgenommen werden, zum Beispiel mittels EKG.

Die Belastungsendoskopie mit dem mobilen Endoskop bietet bei Rennpferden jedoch einige
Vorteile. Die Endoskopie kann hierbei durchgeführt werden, während das Pferd seine schnelle
Arbeit auf seiner Heimatrennbahn absolviert. So braucht das Pferd keine Eingewöhnung und
befindet sich in seinem gewohnten Umfeld. Außerdem wird das zu untersuchende Pferd von
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seinem gewohnten Jockey geritten und gefordert und befindet sich in seiner normalen
Trainingsgruppe der anderen Pferde (FRANKLIN et al. 2008, POLLOCK and REARDON
2009, DESMAIZIERES et al. 2009, TAMZALI 2008, ALLEN and FRANKLIN 2010, ALLEN
et al. 2011, VAN ERCK 2011, FRANKLIN and ALLEN 2017). Sollte die geforderte Leistung
des Pferdes hier zu gering sein, um eine sichere Diagnose stellen zu können, kann die
Belastungsendoskopie unter Simulation eines Rennens unter dem Einfluss anderer Pferde
wiederholt werden.

In der vorliegenden Arbeit wurden die Häufigkeit des Auftretens von dynamisch-stenotischen
Obstruktionen im Bereich der oberen Atemwege bei einer größeren Anzahl von
Vollblutrennpferden und ihr Einfluss auf eine ggf. vorhandene Leistungsschwäche untersucht.

Im ersten Teil der Arbeit wurden Häufigkeiten dynamisch-stenotischer Erkrankungen bei 135
Rennpferden im Training ermittelt und mit dem Vorliegen einer Leistungsschwäche oder eines
abnormalen Atemgeräusches in Zusammenhang gebracht. Dabei sollten Pferde mit und ohne
Leistungsschwäche, wie auch mit und ohne abnormalem Atemgeräusch in die Studie
eingeschlossen werden. Zudem wurden auch klinisch gesunde Pferde untersucht, um die
Auswirkungen unterschiedlicher Befundgrade besser beurteilen zu können.

Im zweiten Teil der Arbeit sollten die bei den 135 Rennpferden ermittelten obstruktiven
Befunde der oberen Atemwege im Zusammenhang mit unterschiedlichen Leistungsstufen
betrachtet werden. Dabei sollte besonders der Beginn und der Verlauf der Obstruktionen der
oberen Luftwege im Verlauf einer Galopptrainingsphase verfolgt werden. Ziel war es, durch
die Zuordnung von Leistungsstufe zum Auftreten eines obstruktiven Befundes Aussagen zur
Leistungsbeeinflussung zu ermöglichen.
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Abstract
The frequencies of dynamic obstructions in thoroughbreds were investigated by performing onboard exercise endoscopy in 135 horses. 17 of these horses showed abnormal respiratory noise
only and 35 solely poor performance. In 39 cases, both was reported. In addition, 44 horses
underwent endoscopy without any clinical signs. In all of 56 horses that exhibited an audible
abnormal respiratory noise, an obstruction of the upper respiratory tract was present. Overall,
dynamic upper airway obstructions were detected in 72.6% (98/135). The most commonly
diagnosed obstruction was axial deviation of the aryepiglottic fold (ADAF) in 55.1% of horses
(54/98). 24.4% (24/98) showed palatal instability (PI), 30.6% (30/98) dorsal displacement of
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the soft palate (DDSP) and 11.2% (11/98) arytenoid cartilage collapse (ACC). Furthermore,
53.1% (52/98) of horses had abnormalities in the area of the vocal folds. Of these horses, 13
had unilateral or bilateral vocal cord collapse (VCC) and 8 displayed vibration of the vocal
cords. 31 horses showed axial deviation in the area of the caudal vocal fold (ADPV) as a sole
abnormality. By the new description of these ADPV, the origin of the abnormal respiratory
noise in a further proportion of horses could be explained. Including ADPV, an obstruction of
the upper airways was observed in all horses (100%) with specified abnormal respiratory noise.
If only horses with long or continuous (> 8 sec) DDSP were taken into account, abnormal
respiratory noise was audible in 93.3% and poor performance was present in 73.3%. It can thus
be assumed that horses with DDSP requiring treatment are clinically apparent either with
abnormal respiratory noise or poor performance. Furthermore, it was demonstrated, that in
52.3% of horses without poor performance or abnormal respiratory noise a dynamic upper
airway obstruction was identified.
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Summary: The frequencies of dynamic obstructions in thoroughbreds were investigated by performing on-board exercise endoscopy in
135 horses. 17 of these horses showed abnormal respiratory noise only and 35 solely poor performance. In 39 cases, both was reported.
In addition, 44 horses underwent endoscopy without any clinical signs. In all of 56 horses that exhibited an audible abnormal respiratory
noise, an obstruction of the upper respiratory tract was present. Overall, dynamic upper airway obstructions were detected in 72.6 %
(98/135). The most commonly diagnosed obstruction was axial deviation of the aryepiglottic fold (ADAF) in 55.1% of horses (54/98).
24.4 % (24/98) showed palatal instability (PI), 30.6 % (30/98) dorsal displacement of the soft palate (DDSP) and 11.2 % (11/98) arytenoid
cartilage collapse (ACC). Furthermore, 53.1% (52/98) of horses had abnormalities in the area of the vocal folds. Of these horses, 13 had
unilateral or bilateral vocal cord collapse (VCC) and 8 displayed vibration of the vocal cords. 31 horses showed axial deviation in the area
of the caudal vocal fold (ADPV) as a sole abnormality. By the new description of these ADPV, the origin of the abnormal respiratory noise
in a further proportion of horses could be explained. Including ADPV, an obstruction of the upper airways was observed in all horses (100 %)
with specified abnormal respiratory noise. If only horses with long or continuous (> 8 sec) DDSP were taken into account, abnormal respiratory noise was audible in 93.3 % and poor performance was present in 73.3 %. It can thus be assumed that horses with DDSP requiring
treatment are clinically apparent either with abnormal respiratory noise or poor performance. Furthermore, it was demonstrated, that in
52.3% of horses without poor performance or abnormal respiratory noise an dynamic upper airway obstruction was identified.
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Introduction

is easier with an on-board endoscope. Thereby, exercise endoscopy can be performed while the horses do their full-speed
workout on their home racecourse. The horse can be ridden
by its jockey and worked in its training group together with
other horses. Thus, the horses do not have to be familiarized
with a treadmill (Franklin et al. 2008, Pollock and Reardon
2009, Demaizieres et al. 2009, Sloet van OldruitenborghOosterbaan and Clayton 1999, Tamzali et al. 2008, Courouce et al. 1999, Franklin and Allen 2017, Allen et al. 2016).

Dynamic obstructions of the upper respiratory tract are
among the most common causes of poor performance in
racehorses. In addition, an abnormal respiratory noise can be
detected in a proportion of these horses (Morris and Seeherman 1991, Stick et al. 1992, Kannegieter and Dore 1995,
Martin et al. 2000, Dart et al. 2001, Lane et al. 2006a,b,
Franklin 2008).
Exercise endoscopy is the diagnostic tool of choice for examination of those horses (Morris and Seeherman 1991, Kannegieter and Dore 1995, Martin et al. 2000, Dart et al. 2001,
Lane et al. 2006 a,b, Franklin 2008, Hammer et al. 1998,
Parente et al. 2002). The procedure is performed subsequent
to an endoscopy at rest, only thus enabling the detection of
all potentially present dynamic airway obstructions. By performing only endoscopy at rest, a dynamic airway obstruction
cannot be excluded (Hackett et al. 1994, Kannegieter and
Dore 1995, Hammer et al. 1998, Dart et al. 2001, Franklin
2008, Lane et al. 2006a,b).

The aim of the present study was to investigate the frequencies of dynamic obstructions in a large number of thoroughbred racehorses and to correlate it with the occurrence of
abnormal respiratory noise or poor performance. So the study
aimed to include horses displaying clinical symptoms as well
as healthy horses. By this, the effect of different grades of airway obstructions should better be assessable.

Material and methods

Horses

In the past, exercise endoscopy has been performed on a high
speed treadmill (Morris and Seeherman 1991, Kannegieter
and Dore 1995, Dart et al. 2001, Lane et al. 2006 a,b).
However, a simulation of the training and racing conditions
and therefore also reaching the performance limit of the horse

For this study, 135 thoroughbred horses in race training were
examined at the respective racecourse of their training yard.
The horses of this study belonged to different trainers. All end-
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oscopies were performed within 24 months. 91 horses were
presented because of abnormal respiratory noise or poor performance diagnosed by the trainer responsible. Furthermore,
44 clinical healthy horses were randomly chosen for this study
from their trainers. Abnormal respiratory noise was specified
in the preliminary report and the presence was checked by the
investigator at the beginning and end of the gallop work. The
allocation of the criterion "poor performance" was based on
information provided by the trainer in consultation with the
jockeys.

still in the box until at least one swallowing could be triggered.
Subsequently, the warm-up phase of the horse at walk and trot
and finally the horse’s fast work on the track at a gallop was
recorded. The length of the gallop was adapted to the age
and training level of the horse and was usually between 1500
and 2000 meters. Length and speed of the gallop was selected so that a high level of performance was achieved.

All examined horses were able to participate in the daily training routine and to complete a fast gallop. No orthopedic problems, cardiovascular diseases, diseases of the lower respiratory tract or other diseases were known in these horses. Horses
which had been subjected to surgery of the upper airways
according to clinical history were excluded from the study.
Whether or not the examined horses had already performed in
races was not used as a selection criterion for this study.

Endoscopic evaluations for this study were performed after
completion of all 135 endoscopies and blinded to case history and findings during examination. Recordings were assessed in real time, slow motion and frame-by-frame view. The
beginning of endoscopy was evaluated as endoscopy at rest.
Results of laryngeal endoscopy at rest were classified according to the Havemeyer workshop grading system (Dixon et al.
2003). Under exercise, dynamic arytenoid cartilage collapse
(ACC) was evaluated according to Rakestraw et. al. 1991,
modified according to Go, 2013. At that, grades B of submaximal abduction and C of dynamic collapse were further
divided into three subgrades respectively. Axial deviation of
the aryepiglottic fold (ADAF) was defined according to King et
al. 2001 and dynamic pharyngeal collapse (PC) according to
Boyle et al. 2006. Occurrence of a dorsal displacement of
the soft palate (DDSP) was classified into rarely short
(<3×/10 sec), often short (>3×/10 sec) and long to continuous (>8 sec) DDSP.

The average age of the examined horses was 3.5 years (2 to
9 years). There were 44 stallions, 48 mares and 43 geldings.

Endoscopy procedure
Exercise endoscopy was performed during the normal course
of morning training at the racing yard. To place and secure the
endoscope in position, the horses were restrained manually
with a rope twitch. The endoscope (9.8 mm endoscope tube,
DRS Equipment by Optomed, les Ulis, France, in saddlebags)
was inserted into the ventral nasal passage of the left nostril
and advanced to a position where the entire larynx of the horse could be easily visualized. Recording commenced immediately after placement of the endoscope. Thus, an endoscopy
at rest was recorded initially. Thereby, the horses were standing
Table 1

Recurrent laryngeal neuropathy

ACC

Arytenoid cartilage collapse

VFD

The analysis and calculation of statistical values were performed using SPSS version 18. The significance threshold was
set at p<0.05.

Results
For this study, exercise endoscopy was performed on 135 thoroughbred horses. The proportions of horses with abnormal
respiratory noise and/or a history of poor performance as
well as the clinically healthy horses are presented in table 2.

Nomenclature | Nomenklatur

RLN

Evaluation

Vocal fold disease
ADPV

Axial deviation of the caudal plica vocalis

VCC

Vocal cord collapse

VVC

Vibration of vocal cords

ADAF

Axial deviation of the aryepiglottic fold

PC

Dynamic pharyngeal collapse

PI

Palate instability

DDSP

Dorsal displacement of the soft palate

Frequencies of dynamic obstructions
Overall, dynamic upper airway obstruction was detected in
98 horses. Among those, the most commonly diagnosed dysfunction was axial deviation of the aryepiglottic fold (ADAF) in
55.1% of horses (54/98). 24.4% of horses (24/98) showed
palatal instability (PI). During exercise endoscopy at gallop,
dorsal displacement of the soft palate (DDSP) was observed

Table 2
Classification of probands with regard to the presence of abnormal respiratory noise and poor performance | Einteilung der
Probanden in Bezug auf das Vorhandensein eines abnormalen Atemgeräuschs und einer Leistungsschwäche
Number

Of these with Obstructions

%

(n)

%

(n)

Without abnormal respiratory noise / poor performance

32.6

(44)

52.3

(23)

Only abnormal respiratory noise

12.6

(17)

100

(17)

Only poor performance

25.9

(35)

54.3

(19)

Abnormal respiratory noise and poor performance

28.9

(39)

100

(39)

Total

100.0

(135)

72.6

(98)
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in 30.6 % (30/98) of horses, whereof 15 showed a long or
continuous displacement. DDSP often occurred in combination with other obstructions, particularly with ADAF (OR 4.18,
P<0.005) and palatal instability (OR 18.3, P<0.0001). A
dynamic pharyngeal collapse (PC) was observed in 15.3 % of
horses (15/98).

plete collapse and one horse had an immobile, but still stable
arytenoid cartilage. The other 4 horses were capable of
maintaining submaximal abduction. Three horses showed
bilateral vocal cord collapse (VCC). In 10 horses, unilateral
collapse of the left vocal cord was detected, 9 of these horses
also showed left-sided ACC. Vibration of one or both vocal
cords (VVC) was observed in 8 horses.

Obstructions were diagnosed also in the area of rima glottidis. This includes, arytenoid cartilage collapse (ACC), as well
as findings in the area of the vocal folds, which can be summarised as vocal fold diseases (VFD). ACC was found in
11.2 % (11/98) of horses. 6 of those horses showed a com-

In addition, by closer inspection of the area of the rima glottidis, many horses showed a further significant abnormality
of the vocal fold which is located caudal of the vocal cord.
In these horses, the vocal cord remained fully stretched and
showed no signs of deviation, whereas the corresponding
caudal area of the vocal fold bulged medially like a sail. This
deviation was seen only during inspiration. The extent of this
deviation was from a few millimetres up to an obstruction of
two-thirds of the ventral glottis area (see Fig. 1, 2 and 3).
This finding has not yet been described as a separate
obstruction, so it was named axial deviation of the caudal
plica vocalis (ADPV). 31 horses showed ADPV without any
collapse of the arytenoid or the vocal cord, 27 of these bilateral and 4 unilateral. Furthermore, in 9 out of the 10 cases
of left-sided vocal cord collapse, ADPV occurred on the right
hand side.

Respiratory noise / performance - respiratory tract obstructions
Fig. 1
Axial deviation of the right caudal plica vocalis (ADPV,
arrow), in combination with a arytenoid collaps (ACC) on the left
side. | Axiale Deviation der rechten kaudalen Plica vocalis (ADPV,
Pfeil), hier in Kombination mit einem Aryknorpelkollaps (ACC) links

Abnormal respiratory noise (RN) was found in 56 of the 135
horses examined (41.5%); 38 showed inspiratory noise, 14
had expiratory noise and 4 showed inspiratory and expiratory
noises. In all 56 horses with abnormal respiratory noise,
obstruction of the upper respiratory tract was detected. Out of
these 56 horses, 39 horses (75 %) also had a history of poor
performance.

Fig. 2
Axial deviation of both caudal plicae vocales (ADPV,
arrows) during inspiration. | Axiale Deviation beider kaudalen Plicae vocales (ADPV, Pfeile) während der Inspiration

Among the horses with abnormal respiratory noise, 59%
(33/56) showed findings in the area of the vocal folds (VFD).
These included the 13 horses (23.2%) which exhibited unilateral or bilateral vocal cord collapse as well as 15 horses
(26.8%) with ADPV (14 bilateral and 1 unilateral). In 17.9%
of horses (10/56), ACC were observed; 9 of these horses
showed poor performance as well. ADAF occurred in 42.9%
(24/56) of horses with abnormal respiratory noise; 17.9 %
(10/56) showed palatal instability and in 16.1% (9/56) slight
dynamic pharyngeal collapse was visible. DDSP was diagnosed in all 18 horses with expiratory noise (32.1%, 18/56).

Fig. 3
The same horse as in Fig. 2 at the end of expiration. |
Das selbe Pferd wie in Abb. 2 am Ende der Expiration

58 out of the 74 horses (78.4 %) with poor performance or
poor performance and abnormal respiratory noise showed
obstruction in the area of the upper respiratory tract. In
60.4 % (35/58) of horses, findings in the area of the vocal
folds (VFD) were observed, whereof 17.2 % (10/58) showed
unilateral or bilateral vocal cord collapse and 39.7 % (23/58)
had unilateral or bilateral ADPV. Furthermore, ADAF was diagnosed in 51.7 % (30/58 horses), DDSP in 31% (18/58 horses) and palatal instability in 27.6 % (16/58 horses). 15.5 %
of horses with poor performance showed ACC, i.e. 9 out of
11 horses in which ACC were observed at all. The correlation
between the diagnosed obstructions and the occurrence of
poor performance and abnormal respiratory noise is shown
in Table 3.
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Resting endoscopic findings vs. exercising endoscopic findings

Furthermore, 44 (32.6 %) of examined horses were clinically
healthy. Nevertheless, 23 (52.3 %) of these horses had a visible obstruction in the upper respiratory tract. Among the clinically healthy horses with obstruction, prevalence of dysfunctions was distributed as follows: 56.5 % (13/23) ADAF and
30.4 % (7/23) with findings in the area of the vocal folds
(VFD), but no horses with a vocal cord collapse. One horse
(4.4 %) showed ACC, but only grade B1. In addition, 52.2 %
of horses showed a palatal dysfunction: 26.1% (6/23) DDSP
and 26.1% (6/23) palatal instability.

The relationship between the resting RLN findings and exercising findings in the area of rima glottidis are shown in tables
4 and 5. In 11 out of 98 horses (11.2 %) with obstructions of
the upper respiratory tract left ACC were detected under exercise. 10 out of these 11 horses (91%) also showed endoscopic findings of left-sided RLN within grade III at rest. In 52
cases (53.1%), there were findings in the area of the vocal

Table 3 Relationship between abnormal respiratory noise (RN)/ poor performance (PP) and occurring obstructions | Beziehung zwischen einem
abnormalen Atemgeräusch (RN) / einer Leistungsschwäche (PP) und aufgetretenden Obstruktionen
Obstruction

n

RN -

RN +

PP -

ACC

11

1 (1)

10 (8)

2 (2)

PP +
9 (7)

VFD

52

19 (8)

33 (9)

17 (7)

35 (10)
10 (1)

- VCC

13

0 (0)

13 (2)

3 (1)

- ADPV

31

16 (7)

15 (6)

8 (5)

23 (8)

54

30 (10)

24 (4)

24 (10)

30 (4)

ADAF
DDSP

30

12 (1)

18 (2)

12 (3)

18 (0)

15

1 (0)

14 (2)

4 (2)

11 (0)

PI

24

20 (4)

4 (0)

8 (2)

16 (2)

PC

15

6 (1)

9 (0)

4 (0)

11 (1)

- DDSP (perm.)

( ) : Horses with this obstruction only, except ACC; here, VCC was not weighted as an separate disease.
Respiratory noise RN +: ACC, VFD, VCC, ADAF, PI, PC: Inspiratory respiratory noise; DDSP : Exspiratory respiratory noise

Table 4

Relationship between resting RLN left sided and exercising VFD - Beziehung zwischen einem RLN Befund des linken Aryknorpels und
einem Befund im Bereich der Stimmfalten in Belastung
RLN at rest
VFD in gallop

I

II-1

II-2

III-1

III-2

III-3

Total

Without VFD

23

31

27

2

-

-

83

VCC left side

-

-

-

-

1

-

1

VCC left side and ADPV right side

-

-

2

1

4

2

9

ADPV one or both sides

7

16

7

1

-

-

31

VCC both sides

-

3

-

-

-

-

3

Vibration of one or both vocal cords

1

5

1

-

1

-

8

Total

31

55

37

4

6

2

135

RLN: Recurrent laryngeal neuropathy, VFD: Vocal fold disease with: VCC: Vocal cord collapse, ADPV: Axial deviation in the area of the caudal plica vocalis

Table 5

Relationship between resting RLN left sided and exercising ACC | Beziehung zwischen Ruhe RLN Befund des linken Aryknorpels und dem
Auftreten eines Aryknorpelkollapses in Belastung
RLN at rest
ACC in gallop

I

II-1

II-2

III-1

III-2

III-3

Total

31

55

36

2

-

-

124

RB1

-

-

-

1

1

-

2

RB3

-

-

-

1

1

-

2

RC1

-

-

-

-

1

-

1

RC2

-

-

-

-

1

-

1

RC3

-

-

1

-

2

2

5

Total

31

55

37

4

6

2

135

Normal

RB1: Arytenoid cartilage in submaximal abduction, temporal complete abduction possible; RB3: Arytenoid cartilage mostly in submaximal abduction position, position stable,
VCC or ADPV; RC1: Arytenoid cartilage does not show any movement, but position remains stable; RC2: Arytenoid cartilage is not abducted and collapses to the median of
the rima glottis; RC3: Arytenoid cartilage is not abducted and collapses via the median of the rima glottis (complete collapse), according to Rakestraw 1991, mod. by Go
2013
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folds (VFD) visible during exercise endoscopy. Out of these
52 horses, 42 horses (80.8 %) showed an RLN grade I or II at
rest. Among these 42 horses, 2 had a unilateral vocal cord
collapse under exercise. Furthermore, all three horses with a
bilateral vocal cord collapse under exercise were classified as
RLN grade II-1 at rest (see tab. 4 and 5).

also mostly of a low grade. 45.7 % of them showed no respiratory findings. ADAF, ADPV, or palatal instability was visible
in the others. These findings could be the cause of poor performance in those horses. It has to be considered, however,
that some of these findings are incidental, such as in the
group of horses without abnormal respiratory noise or poor
performance, which are possibly not or not solely causative
for the horses’ poor performance. At least, in a proportion of
horses, the cause of poor performance could not be explained by an obstruction of the upper airways.

Horses with ADAF, DDSP and palatal instability were predominantly without RLN findings in grade I or II, although one
horse with DDSP had a grade III-1 at rest. Thus, 86 (87.8 %)
out of the 98 horses which showed dynamic obstruction
under exercise had no RLN findings during endoscopy at rest.

Frequencies of dynamic obstructions
Out of the 30 horses with DDSP at a gallop, 22 (73.3 %) showed no dorsal displacement of the soft palate at rest. In the
remaining 8 horses (26.7 %), spontaneous dorsal displacement at rest was observed.

The most commonly diagnosed respiratory finding in the horses with an airway obstruction during exercise endoscopy was
axial deviation of the aryepiglottic fold (55.1%), similarly to
Tan et. al. 2005 (55%) and in contrast to other studies (Dart
et al. 2001, Kannegieter and Dore 1995, King et al. 1997,
Parente et al. 1998, Martin et al. 2000, Lane et al. 2006a).
ADAF frequently occurred in combination with DDSP (20 horses), for which a significant correlation was determined (OR
4.18, P<0.005). This is in accordance with other studies
(Lane et al. 2006a, Stick et al. 1999, Parente et al. 1994,
1997, Robertson et al. 1998, Franklin and Allen 2017).
Combined occurrence of ADAF and findings in the area of
the vocal fold was also common. In this study, the number of
horses with ADAF showing abnormal respiratory noise (44 %)
or poor performance (56 %) is slightly lower than in other studies (King et al. 1997: 83 % abnormal respiratory noise; Martin et al. 2000: 100 % abnormal respiratory noise). This is
explained by the fact that among the horses with an obstruction there were also horses without clinical symptoms which
were not subjected to examination in other studies.

Discussion
Among the 135 horses examined, 91 (67.4 %) horses had
abnormal respiratory noise and/or a history of poor performance; in 82.4 % (75 horses) of those horses, obstruction of
the upper respiratory tract was diagnosed. In total, however,
obstruction of the upper respiratory tract was diagnosed in 98
(72.6 %) of 135 horses examined.

Clinically healthy horses
Out of the 98 horses with obstructions of the upper respiratory
tract, 23 horses (23.5 %) showed no clinical findings, i.e. neither an abnormal respiratory noise nor noticeable poor performance. Thus, the obstructions detected in these horses have to
be considered as incidental findings. However, in almost all of
those horses the grade of the detected dysfunction was so low
that it would also have been questioned whether it was the
only cause for performance impairment. In one horse, however, dorsal displacement of the soft palate lasting up to a few
minutes was diagnosed. At the time of endoscopy, it had no
effect on the horse’s performance yet, although considerable
obstruction of the upper respiratory tract was present. In addition, a mild form of ADAF and palatal instability was observed
in this horse. This shows that obstructions can also be present
in certain numbers of clinically healthy horses. Therefore, particularly in horses showing poor performance, findings detected should always be scrutinised and compared to the horse’s
clinical signs to ascertain whether they can really be the sole
cause for poor performance. Thus, a targeted treatment can
be applied. In 1991, Morris and Seeherman et al. already
described more than one cause for poor performance in 84 %
of horses and found a dynamic obstruction to be the cause in
only 24 % of cases. Martin et al., 2000, also showed that
dynamic airway obstruction as the cause of poor performance
in only 148 of 348 horses (42.6 %).

The number of horses with DDSP in this study was comparable to other studies (Morris and Seeherman 1991, Kannegieter and Dore 1995, Martin et al. 2000, Tan et al. 2005, Desmaizieres et al. 2009, Barakzai and Dixon 2011). However,
this dysfunction was diagnosed as the sole obstruction in only
10 % of horses. It was often accompanied by ADAF, palatal
instability or ADPV.
In the present study, as in other studies (50 – 81% abnormal
respiratory noise), expiratory noise was only audible in about
two thirds of horses (60 %) with DDSP (Lumsden et al. 1995,
Stick et al. 1999, Martin et al. 2000, Parente et al. 2002, Tan
et al. 2005). If, however, only the most severe form of DDSP
from this evaluation with long (>8 sec) or continuous displacement of the soft palate until the end of exercise is taken into
account, abnormal respiratory noise was audible in 93.3 %
(all but one horse). Out of these horses with continuous DDSP,
73.3 % (11 horses) also showed poor performance. It can
thus be assumed that horses with DDSP requiring treatment
are clinically apparent either with abnormal respiratory noise
or poor performance.
In 73.3 % of horses with DDSP at gallop, no dorsal displacement of the soft palate was detected at rest. Only 18.6 % of
the 43 horses with spontaneous DDSP at rest showed displacement under exercise. Thus, no conclusion can be drawn
from spontaneous DDSP during endoscopy at rest for DDSP
under exercise. This has already been shown in several other

Horses with poor performance, but without abnormal respiratory noise
In the group of horses with history of poor performance, but
without abnormal respiratory noise, respiratory findings were
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studies (Kannegieter and Dore 1995, Parente et al. 2002,
Lane et al. 2006b, Franklin 2008, Barakzai and Dixon 2011).

cause for the horse’s poor performance. In this study, poor
performance was reported for 74.2 % of horses showing this
obstruction among others. Nevertheless, this dysfunction
leads to a vibration of air during inspiration and can thus
cause abnormal respiratory noise.

In this study, left-sided ACC were diagnosed in a small number of horses with obstruction of the upper respiratory tract
(11.2 %), similar to the study by Lane et al. 2006a. Almost all
of these horses showed abnormal inspiratory noise (91%) as
well as poor performance (82 %). In 82 % of horses, these leftsided ACC appeared in combination with left-sided vocal
cord collapse and right-sided ADPV. This shows the strong
correlation of ACC with additional findings in the area of the
vocal folds (VFD), which probably occur here due to the loss
of tension of the left arytenoid cartilage and the altered air
pressure in the area of the rima glottidis.

Conclusions
This study once more proves the importance of carrying out a
thorough diagnostic investigation in horses showing poor
performance. The extent to which obstructions of the upper
respiratory tract also occur in clinically healthy horses was
shown. It must thus be assumed that in a proportion of horses
presented for poor performance, the diagnosed obstruction is
not necessarily the cause or the sole cause but that further
dysfunctions may be present as well. In addition, it was
demonstrated that other than for ACC, endoscopy at rest provides no indication regarding the dynamic obstructions in
exercising horses. Through the description of axial deviation
in the area of the caudal vocal fold (ADPV), the origin of the
abnormal respiratory noise in further proportion of horses
with abnormal respiratory noise could be explained. This
should be taken into account during future assessment of
respiratory noises. The exact pathology of this dysfunction,
however, remains to be investigated.

Furthermore, findings in the area of the vocal folds (VFD) also
appeared as entirely independent dysfunctions without any
relation to ACC under exercise and RLN findings at rest. In
particular, bilateral vocal cord collapse and unilateral or bilateral axial deviation in the area of the caudal vocal fold
(ADPV) respectively became apparent. ADPV was observed in
a significant number of horses (31.6 %) with airway obstruction and has so far not been described as an independent
obstruction. The exact cause is unknown so far, but neurogenic atrophy could be the underlying cause. This, however,
does not provide a satisfactory explanation for the common
bilateral occurrence. The correlation between RLN and the
various obstructions in the area of the rima glottidis could be
subject to further examinations. In previous studies, neurogenic atrophy of the laryngeal muscles has only been assessed
related to ACC. Possibly all these forms of the laryngeal stenosis are consequences of an RLN in different manifestations.
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As with ADAF, DDSP and PI, with the exception of ACC,
obstructions of the rima glottidis could not be detected during
endoscopy at rest. Thus, a sole endoscopy at rest does not
enable a prediction of the findings under exercise for VCC
and ADPV respectively. Therefore, an exercise endoscopy is
always required in order to reach a definite diagnosis (Kannegieter and Dore 1995, Parente et al. 2002, Lane et al.
2006b, Franklin 2008, Barakzai and Dixon 2011).

Horses with abnormal respiratory noise
In this study, 100 % of horses with abnormal respiratory noise
were also diagnosed with obstruction of the upper respiratory
tract. Other studies have shown significantly lower values
(44 – 86 % with obstruction) (Morris and Seeherman 1990,
Stick et al. 1992, Kannegieter and Dore 1995, Tan et al.
2005, Witte et al. 2011). This can clearly be explained by the
evaluation of all findings in the area of the vocal folds (VFD).
Without their evaluation, obstruction of the upper respiratory
tract would only be detectable in 87.5 % of horses with abnormal respiratory noise. This ADPV is not necessarily the sole
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