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Abstract
Effect of exercise has been studied on electrocardiography and stress behavioral parameters of 12 male Kangal shepherd dogs with
ankyloglossia and 15 male Kangal shepherd dogs without ankyloglossia were compared. In this study, electrocardiography recordings were
obtained from Kangal shepherd dogs with the holter device at resting state and during 15-min exercise. All data collection were conducted
in the same environmental conditation. In addition, behavioral parameters captured with a video camera during resting state and the end of
15-min exercise period. While no statistical difference was detected in two groups in terms of all electrocardiographic parameters at resting
state, statistical differences were detected in both groups in the P wave amplitude, T wave amplitude, duration of PR interval, duration
of QT interval and heart rate parameters during exercise. Following 15-min of exercise, all stress parameters were observed in dogs with
ankyloglossia, while only two parameters were observed at resting state. Following a 15-min exercise, without ankyloglossia dogs showed
only two stress parameters, while no parameters were observed at resting state. This study will have an important area in the literature in
terms of examining the electrocardiographic data and stress behavioral parameters of Kangal shepherd dogs with ankyloglossia.
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Ankloglossia Olan Kangal Çoban Köpeklerinde Egzersizin
Elektrokardiyografi ve Stres Davranışı Üzerine Etkisi
Öz
Ankyloglossia olan 12 adet erkek Kangal köpeği ve ankyloglossia olmayan 15 adet erkek Kangal köpeğinde elektorkardiyografi ve stress
davranış parametreleri üzerine egzersizin etkisi karşılaştırılmıştır. Bu çalışmada elektrokardiyografi kayıtları Kangal çoban köpeklerinden
aynı çevre şartlarında dinlenim ve 15 dakikalık egzersiz sırasında holter cihazı ile alınmıştır. Ayrıca dinlenim ve 15 dakikalık egzersiz
sonundaki davranış parametreleri video kamera ile kayıt edilmiştir. İki grupta dinlenme durumunda elektrokardiyografik parametrelerin
tamanında istatistiksel olarak fark bulunmazken, egzersiz sırasında P dalgası amplitüdü, T dalgası amplitüdü, PR aralığı süresi, QT aralığı
süresi ve dakika kalp atımı sayısı parametrelerinde istatistiksel olarak farklılık bulundu. Ankyloglossialı köpeklerde dinlenme durumunda
sadece iki stres parametresi gözlenirken 15 dakikalık egzersizi takiben tüm stres parametreleri gözlendi. Ankyloglossia olmayan köpeklerde
dinlenme durumunda stres parametreleri gözlemlenmezken 15 dakikalık egzersizi takiben sadece iki stres parametresi gözlendi. Bu çalışma
ankyloglossialı Kangal çoban köpeklerinin elektrokardiyografik verilerini ve stres davranış parametrelerini incelemesi yönüyle literatürde
önemli bir yere sahip olacaktır.

Anahtar sözcükler: Ankyloglossia, Davranış, Egzersiz, Holter, Kangal çoban köpeği

INtRODuCtION
Kangal shepherd dogs are highly valued as livestock guard
dogs because of their large size, agility, imposing appearance
and the fact that they are brave enough to confront greater
savage animals than themselves. Moreover, they are highly

valued as guard dogs because they are loyal to their owners
and harmless and well-disposed toward children and
weaker animals [1-3]. As guard and shepherd dogs, Kangal
Shepherd dog breed is present in variety of different
countries in the world and, in some countries like in the US,
Belgium, and France, breeding is also present [2]. Due to their
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loyalty and excellent awareness the Kangal Shepherd Dog
breed is thoroughly preferred as guard dogs. This breed is
known to have a profound adaptability to various climatic
changes by their excellent thermoregulatory mechanisms.
The tongue is of particular importance as a sensory organ
for this breed, which primarily takes key roles in regulation
of the body temperature. Also the tongue plays a major role
in eating, sucking, making sounds and adjusting the body
temperature in dogs [4]. Congenital and acquired diseases
of the tongue include aglossia, microglossia, ankyloglossia,
and lingua bifida. Of these, the most common congenital
disease is ankyloglossia [5]. Ankyloglossia is a rare condition
observed in humans and Kangal dogs [6]. The frenulum
linguae, a small fold of mucous membrane that connects
the tongue to the base of the mouth, cannot be completely
separated from the base of the mouth or it cannot be
thickened by cell proliferation, and this, prevents the
separation of the tongue [7]. Electrocardiography (ECG) is
a method that includes the recording and interpretation
of action potentials during cardiac activity and provides
information on the current electrical activity of the heart,
and to some extent, its functional status [8]. The ECG
method can be used in dogs to obtain information about
many physiological conditions related to the heart [9,10].
Therefore, the aim of this study was to compare ECG data
and stress behavioral parameters during resting state
and exercise periods in Kangal shepherd dogs with and
without ankyloglossia.

MAteRIAl AND MetHODs
Ethical Statement
This study was approved by the Sivas Cumhuriyet University
Animal Experiments Local Ethics Committee (Approval no:
65202830-050.04.04-226 and date 06.12.2018).
Animal Materials
The animal material of the study was composed of 27
healthy male Kangal shepherd dogs; 12 of which had
ankyloglossia (Fig. 1) and 15 did not have ankyloglossia.
The dogs used in the study, total to 27, of which 24
were in the Kangal Shepherd Dog Breeding Center and
3 were in the hands of independent breeders. Among
the 24 dogs in the center, 15 were without ankyloglossia
and 9 with it, whereas the 3 dogs from breeders were all
with ankyloglossia. All dogs were older than 18 months
of age.
Exercise Program
Dogs were run with their owners at a pace of 3.2 km/h in
average for 15 min during the air temperature was 24°C [11].
Electrocardiographical Parameters
In this study, ECG recordings were obtained with a Holter
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Fig 1. A Kangal shepherd dog with ankyloglossia

device (Televet II) from the Kangal shepherd dogs during
resting state and during a 15-min exercise at the same
environmental condition (temperature (24°C), altitude
(5050 ft=1540 m), standard dog diet and ad libitum
watering). In ECG recordings of all dogs, the last 1 min
of the 15-min exercise was considered to determine the
effect of the exercise. The ECG data were recorded in
resting state dogs for 5 min and the last 1 min was taken
into evaluation. The Holter device and electrodes were fixed
with net bandages, and a test was conducted to prevent
stress in the dogs.
Aqua-wet gel electrodes and a recording device (KRUUSE
ECG-HOLTER) were placed in the thorax of the animals
by the procedure proposed by the manufacturer and
fixed with net bandages, and standard derivations I, II, III
were printed. Second derivation of the obtained electrocardiograms, P wave duration and amplitude, QRS complex
duration, Q and R wave amplitudes, T wave time and
amplitude, the duration of PR, QT and ST intervals and
heart rate were determined.
Stress Behavioral Parameters
Both the resting state and at the end of the 15-min
exercise periods, stress behavioral parameters of all dogs
were captured with a video camera. Subsequently, these
recordings were analyzed and evaluated using an ethogram
that described stress behavioral parameters in dogs [2]. In
the study, the “focal animal sampling” method was used [12].
The method was based on following a particular dog for a
certain period of time and counting the behavior shown.
Both the ECG and video recordings of the dogs were taken
at the same environmental condition while the Kangal
shepherd dogs followed their daily routines.
Statistical Analysis
For the statistical analyses of study parameters the MannWhitney U test was used. Also the summary statistics was
calculated. All tests were calculated by SPSS v.15 package
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increased in Kangal shepherd dogs with ankyloglossia
(P<0.001). It was detected the T wave amplitude was
significantly increased more in Kangal shepherd dogs
without ankyloglossia (P<0.05). It was verified the duration
of PR interval was significantly shorter in Kangal shepherd
dogs with ankyloglossia (P<0.01). It was also determined
the duration of QT interval was significantly shorter in
dogs with ankyloglossia (P<0.01). It was determined that
in dogs with ankyloglossia the increase in heartbeats per
minute was statistically significant compared to without
ankyloglossia (P<0.001).

program [13]. Observed stress behavioral parameters in
each group were expressed as a percentage of the number
of animals.

Results
The difference between the resting state ECG data of
Kangal shepherd dogs with ankyloglossia and without
ankyloglossia was shown in Table 1. No statistically
significant difference was detected in the resting state
ECG data of Kangal shepherd dogs with ankyloglossia
or without ankyloglossia. The difference between the
ECG data during exercise status of Kangal shepherd
dogs with and without ankyloglossia was demonstrated
in Table 1. When the ECG data during exercise of Kangal
shepherd dogs with and without ankyloglossia were
compared; statistically significant differences were found
in the P wave amplitude, T wave amplitude, duration of
PR interval, duration of QT interval and min heart rate. It
was determined that P wave amplitude was significantly

Stress behavioral parameters at resting state of Kangal
shepherd dogs in both groups at resting state were shown
in Table 2. Some of the stress behavioral parameters that
included hind between legs, lowering the body position
were observed in Kangal shepherd dogs with ankyloglossia.
However, no stress behavioral parameters were observed
in Kangal shepherd dogs without ankyloglossia. Stress
behavioral parameters exhibited by Kangal shepherd dogs
in both groups at the end of 15-min exercise duration were

Table 1. Effect of resting state and exercise on ECG findings of Kangal shepherd dogs with and without ankyloglossia
Resting ECG
Resting ECG With Ankyloglossia
(n=12)

Exercise ECG

Without
Ankyloglossia
(n=15)

With
Ankyloglossia
(n=12)

Without
Ankyloglossia
(n=15)

With
Ankyloglossia
(n=12)

P wave duration (ms)

0.03807±0.00043

0.03767±0.00035

0.03800±0.00042

0.03758±0.00036

P wave amplitude (mV)

0.1760±0.00321

0.1767±0.00355

0.2013±0.00350

0.2383±0.00386***

QRS complex duration (ms)

0.0500±0.00324

0.0492±0.00229

0.0507±0.00330

0.0508±0.00313

R wave amplitude (mV)

1.6000±0.05024

1.6292±0.04240

1.6033±0.04987

1.6625±0.03899

Q wave amplitude (mV)

0.2680±0.01079

0.2692±0.00484

0.2713±0.01041

0.2692±0.00484

T wave duration (ms)

0.0500±0.00324

0.0500±0.00302

0.0500±0.00324

0.0508±0.00313

T wave amplitude (mV)

0.3487±0.02070

0.3375±0.02863

0.3560±0.01997

0.3083±0.00944*

PR intervals duration (ms)

0.1207±0.00316

0.1200±0.00302

0.1000±0.00378

0.0792±0.00288**

QT intervals duration (ms)

0.2067±0.01436

0.2058±0.00783

0.1840±0.01013

0.1425±0.00566**

ST intervals duration (ms)

0.1400±0.00239

0.1392±0.00336

0.1407±0.00248

0.1383±0.00271

114.80±0.863

114.92±0.543

120.67±0.826

125.58±0.763***

Heart rate (BPM)

Mean±SEM; Mann-Whitney U test * P<0.05, ** P<0.01, *** P<0.001; mV: millivolt; ms: milliseconds

Table 2.Stress behavioral parameters during resting state and exercise (at the end of 15 min exercise) on Kangal shepherd dogs with and without
ankyloglossia
Resting Phase

Exercise for 15 min

Without
Ankyloglossia
(n, %)

With
Ankyloglossia
(n, %)

Without
Ankyloglossia
(n, %)

With
Ankyloglossia
(n, %)

Tail between hind legs

0

1 (8.33)

2 (13.33)

5 (41.66)

Lowering the body position

0

1 (8.33)

3 (20)

6 (50)

Yawning

0

0

0

3 (25)

Groovy appearance below the eyes

0

0

0

2 (16.66)

Strained lips

0

0

0

3 (25)

Avoidance

0

0

0

2 (16.66)

Stres Behavior
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Fig 2. Some stress behaviour parameters in Kangal shepherd dogs with
ankyloglossia after exercise

shown in Table 2. Stress related behavior was observed as
increased in both groups at the end of 15-min exercise
period. Notably, stress behavioral parameters (strained
lips, avoidance, yawning, lowering the body position, tail
between hind legs and groovy appearance below the
eyes) increased in dogs with ankyloglossia at the end of
15-min exercise (Fig. 2). In addition, it was determined that
the number of Kangal shepherd dogs with ankyloglossia
exhibiting the behavior in the same stress behavioral
parameter is higher than the number of Kangal shepherd
dogs without ankyloglossia.

DIsCussION
This work will have an important area in the literature in
terms of examining the electrocardiographic data and
stress behavioral parameters of Kangal shepherd dogs
with ankyloglossia.
The data obtained from the resting and exercise periods
in our study were found to be inside the normal range,
which is similar to the data from other researches [10,14-17].
It can be stated that having ankyloglossia did not have
a pronounced effect on heart parameters during resting
state as both groups did not provide significant changes
in parameters. In this study, P wave amplitude and
the count of heart beats per minute were significantly
increased in dogs with ankyloglossia compared to the
dogs without ankyloglossia during the exercise period.
The duration of the PR interval, the duration of the QT
interval, and T wave amplitude were significantly lower
and this indicated that the workload in the heart was
higher in dogs with ankyloglossia during exercise. In this
case, dogs with ankyloglossia were insufficient to set the
thermoregulation, thus suggesting that the workload on
the heart increased. As in other studies, the increase in
the number of heartbeat per minute caused the amplitude
of the P wave to increase, and the duration of the PR
interval and the duration of the QT interval were both
shortened [16,18,19].
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The type and intensity of exercise can cause stress in
dogs [20-22]. While conducting research for the investigation
of stress behavioral parameters, there are debates on
whether behavior data should be coupled with the
physiological parameters. Certain researchers support
that the data should be evaluated altogether [23]; however
some researchers insist that these two data would not
comply with each other in case of acute stress conditions,
and therefore the behavior should get the priority [24,25].
In this study, ECG parameters and stress behavioral
parameters are evaluated together. At the end of a 15min exercise, strained lips, avoidance, yawning, lowering
the body position, tail between hind legs and groovy
appearance below the eyes behaviors were observed in
dogs with ankyloglossia. At the end of a 15-min exercise,
lowering the body position and tail between hind legs
behaviors were observed in dogs without ankyloglossia.
Body position lowering and keeping tail between hind
legs were reported to be associated with stress in behavioral
changes for dogs as stated in recent studies [26,27].
In a study, it was stated that dogs would have changed
behaviors under stress conditions [28]. By the notion of
changed behaviors, independent activities exhibited during
the behavioral incident and by the motivation is being
referred [29]. Yawning behavior was detected in dogs
included to our study thus can be considered as one
of the stress associated changed behavior in dogs with
ankyloglossia.
In a study, it was stated that avoidance, groovy appearance
below the eyes were behaviors that emerged when
the animal was under stress [26]. Similarly, in the present
study, avoidance and groovy appearance below the eyes
were observed in dogs with ankyloglossia. In a study, it
was stated that strained lips could be observed in dogs
when they were under stress [30]. Similarly, in the current
study, strained lips behavior were observed in dogs with
ankyloglossia.
Ankyloglossia is a cause of increased workload on the heart
during exercise in Kangal shepherd dogs and detection
of all stress behavioral parameters during exercise of
Kangal shepherd dogs with ankyloglossia suggest that
these dogs are under stress. It is recommended that these
data should be evaluated in clinical, surgical and exercise
studies on dogs with ankyloglossia.

ReFeReNCes
1. Çetin O, Tepeli C: Türkiye’de Türk çoban köpeği yetiştiriciliği. In,
International Symposium on Turkish Shephered Dogs, 23/09/1996, Konya,
Turkey, 1996.
2. Koçkaya M, Şireli M: Kangal çoban köpeklerinin farklı hayvan sürülerinde
gösterdikleri davranışsal ve fizyolojik değişkenlerin karşılaştırılması. Ankara
Üniv Vet Fak Derg, 62, 261-267, 2015. DOI: 10.1501/Vetfak_0000002690
3. Koçkaya M, Ercan N, Salgırlı Demirbaş Y, Da Pereira G: Serum
oksitosin and lipid levels of dogs with maternal cannibalism. J Vet Behav,
27, 23-26, 2018. DOI: 10.1016/j.jveb.2018.05.002

515
Research Article

4. Rizzo M, Arfuso F, Alberghina D, Giudice E, Gianesella M, Piccione
G: Monitoring changes in body surface temperature associated with
treadmill exercise in dogs by use of infrared methodology. J Therm Biol,
69, 64-68, 2017. DOI: 10.1016/j.jtherbio.2017.06.007
5. Grundmann S, Hofmann A: Ankyloglossie bei einem Anatolischen
hirtenhund (Kangal). Schweiz Arch Tierhheilkd, 148, 417-420, 2006. DOI:
10.1024/0036-7281.148.8.417
6. Özaydın İ, Demirkan İ, Özba B, Cihan M: Kangal ırkı bir köpekte
karşılaşılan doğmasal kalıcı frenulum linguae ve lingua bifida olgusu.
Kafkas Univ Vet Fak Derg, 6 (1-2): 107-109, 2000.
7. Alkan F, Koç Y, Tepeli C, Albasan H, Altan S: Management of complete
and partial ankyloglossia in Kangal shepherd dogs. Res Opin Anim Vet Sci,
3 (12): 462-465, 2013.
8. Matsubara F, Okada K, Miyazaki S, Hashiguchi N, Nakano K,
Tsuboi M, Kanno A, Kazusa K, Tadano K, Tasaka T, Shirakawa T,
Kasai C: Investigation of individual analysis of QT interval in beagle
dogs. J Pharmacol Toxicol Methods, 93, 157, 2018. DOI: 10.1016/j.vascn.
2018.01.515

KOÇKAYA

17. Winter RL, Bates RM: Retrospective evaluation of notched QRS
complexes in dogs: 85 cases. J Vet Cardiol, 20 (1): 13-19, 2018. DOI: 10.1016/
j.jvc.2017.10.007
18. Atmaca N, Emre B: Köpeklerde elektrokardiografi. Erciyes Üniv Vet Fak
Derg, 6 (2): 135-142, 2009.
19. Patel S, Laxit B, Patel R, Shah C, Patel V, Patel J, Sundar R, Bhatnagar
U, Jain M: Identification of appropriate QTc formula in beagle dogs for
nonclinical safety assessment. Regul Toxicol Pharmacol, 89, 118-124, 2017.
DOI: 10.1016/j.yrtph.2017.07.026
20. Ando I, Karasawa K, Matsuda H, Tanaka A: Changes in serum NGF
levels after the exercise load in dogs: A pilot study. J Vet Med Sci, 78 (11):
1709-1712, 2016. DOI: 10.1292/jvms.16-0258
21. Huntingford JL, Levine CB, Mustacich DJ, Corrigan D, Downey RL,
Wakshlag JJ: The effects of low intensity endurance activity on various
physiological parameters and exercise induced oxidative stress in dogs.
Open J Vet Med, 4, 134-144, 2014. DOI: 10.4236/ojvm.2014.47016
22. Westing AH: Review of how dogs work and what is dog? J Mammal,
98 (1): 312-313, 2017. DOI: 10.1093/jmammal/gyw164

9. Brüler BC, Jojima FS, Dittrich G, Giannico AT, Sousa MG: QT
instability, an indicator of augmented arrhthmogenesis, increases with
the progression of myxomatous mitral valve disease in dogs. J Vet Cardiol,
20, 254-266, 2018. DOI: 10.1016/j.jvc.2018.06.002

23. Lay DC, Friend TH, Bowers CL, Grissom KK, Jenkins OC: A
comparative study of physiological and behavioral study of freeze and
hot-iron branding using dairy cows. J Anim Sci, 70, 1121-1125, 1992.
DOI:10.2527/1992.7041121x

10. Gönül R, Koenhemsı L, Yıldız K, Or ME: Determination of corrected
QT interval in Kangal breed dogs. Pak Vet J, 39 (1): 86-90, 2019. DOI:
10.29261/pakvetj/2018.115

24. Salgirli Y, Schalke E, Boehm I, Hackbarth H: Comparison of learning
effects and stress between 3 different training methods (electronic
training collar, pinch collar and quitting signal) in Belgian Malinois police
dogs. Revue Méd Vét, 163, 530-535, 2012.

11. Queiroz RW, Silva VL, Rocha DR, Costa DS, Turco SHN, Silva MTB,
Santos AA, Oliveira MBL, Pereira ASR, Palheta-Junior RC: Changes in
cardiovascular performance, biochemistry, gastric motility and muscle
temperature induced by acute exercise on a treadmill in healthy military
dogs. J Anim Physiol Anim Nutr, 102 (1): 122-130, 2018. DOI: 10.1111/
jpn.12667
12. Martin P, Bateson P: Measuring behaviour: An introductory guide.
In, Martin P, Bateson P (Eds): Analysing Specific Aspects of Behaviour. 2nd
ed., 112-176, Aufl., Cambridge University Press, Cambridge, 1993.
13. SPSS Inc: SPSS 15.0 for windows evalution version, 2006.
14. Eckenfels A, Trieb G: The normal electrocardiogram of the conscious
Beagle dog. Toxicol Appl Pharmacol, 47 (3): 567-584, 1979. DOI: 10.1016/
0041-008x(79)90527-1
15. Edwards NJ: Balton’s handbook of canine and feline electrocardiography. In, Edwards NJ (Ed): Arrhythmia, Dog Diseases, Electrocardiograms.
2nd ed., 11-85, W.B. Saunders Comp., Philadelphia, PA19105, 1987.
16. Gönül R, Akdoğan Kaymaz A: Sağlıklı Kangal köpeklerinde elektrokardiyografik ölçümlerin değerlendirilmesi. Turk J Vet Anim Sci, 26, 511515, 2002.

25. Vincent IC, Michell AR: Comparison of cortisol concentrations
in saliva and plasma of dogs. Res Vet Sci, 53, 342-345, 1992. DOI:
10.1016/0034-5288(92)90137-q
26. Beerda B, Schilder MBH, Van Hoof JARAM, De Vries HW, Mol JA:
Behavioural and hormonal indicators of enduring environmental stress in
dogs. Anim Welfare, 9, 49-62, 2000.
27. Feddersen-Petersen D: Ausdrucksverhalten beim hund: Mimik
und körpersprache, kommunikation und verständigung. In, FeddersenPetersen D, Ohl F (Eds): Spielverhalten-Kommunikative Optische Signale
und Ausdruckssequenzen. 99-296, Franckh-Kosmos Verlags, GmbH&Co.
KG, Stuttgart, 2008.
28. Bekoff M: Social play behaviour: Cooperation, fairness, trust, and the
evolution of morality. J Conscious Stud, 8, 81-90, 2001.
29. Salgırlı Demirbaş Y, Emre B: Stresin köpeklerde davranış üzerine
etkileri. MAKÜ Sag Bil Enst Derg, 3 (1): 34-42, 2015.
30. Frank D: Recognizing behavioral signs of pain and disease: A guide
for practitioners. Vet Clin North Am Small Anim Pract, 44 (3): 507-524, 2014.
DOI: 10.1016/j.cvsm.2014.01.002

