
Introduction

At least in range countries, Asian elephants
(Elephas maximus) in human care are used for
carrying out many activities such as patrolling,
koonkie, timber hauling, fodder collection, sa-
fari rides, joyrides for tourists, and participating
in religious and civil ceremonies. Maintaining
elephants purely for work may compromise the
welfare conditions of the animals and hinder the
species-specific activity of their choosing
(Varmal et al. 2010).

It is paramount to ensure proper fixation of the
saddle (howdah) on elephants that are carrying
persons on their back. An improperly fixed
saddle or overloading may result in saddle gall
formation and induce inflammatory changes at
the edges of the dorsal spinous processes due to
chronic friction between the saddle and the
dorsal spine (Bansiddhi et al. 2019). In Thail-
and, potential interventions suggest risk factors
associated with skin of elephants that are used
in the tourism industry due to saddle (Magda et
al. 2015).

Elephants that are suffering from saddle gall,
which later become a huge, infected wound on
the dorsal spine and takes several months to
heal completely. While healing, fibrotic scar tis-
sue and callus are formed on the dorsal spinous

© 2025 TheAuthors – Open Access Manuscript Editor: Christian Schiffmann

19

processes which adheres together leading to
complete or partial fusion of the dorsal spinous
processes in the meaning of an ankylosis. In ad-
dition, the process may lead to various degrees
of degenerative changes due to damage in
growth plates. This results in abnormal body
conformation and gait alteration of the elephant.
Changes in gait patterns, effects on musculo-
skeletal function, and joint kinematics may be
attributed to the impact of weight carriage on
Asian elephants used for riding (Kongsawasdi
et al. 2021). In equines, the “kissing” spinous
processes of the lumbar vertebrae is considered
one of the reasons for back pain (Turner 2003;
Jeffcott & Haussler 2004).

In elephants, radiography is particularly helpful
for the detection of chronic changes in bones or
joints (George 1989; Gage 1999). Growth plate
closure was defined as the time at which a radi-
olucent physis was no longer visible radio-
graphically (Siffert 1981). Information about
the growth plates of the spinous processes (lat-
in: Processus spinosus) of the thoracic verteb-
rae of Asian elephants is largely unknown. Con-
sequently, the objectives of this study were to
determine the nature of lesions on the spinous
processes in Asian elephants possibly caused by
carrying heavy objects on its back, comprom-
ised welfare and management through radio-
graphic evidence. The authors also demonstrate
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differences in the growth plate closure of these
dorsal spines in comparison to thoracic radio-
graphs of apparently healthy individuals.

Methodology

Wildlife SOS, an NGO, established an Elephant
Conservation and Care Center in India to
provide proper veterinary care and nutrition to
elephants rescued from abusive and challenging
conditions (Fig. 1) in human care. The facility
features an on-site hospital equipped with a
wide range of therapeutic as well as diagnostic
capabilities.

The elephants underwent positive reinforce-
ment training to facilitate their comfort with sit-
ting in an elephant restraint device (ERD) and
familiarity with the radiographic examination
procedure. Radiographs were taken using a
portable direct digital radiography unit (EP-
CORSA 2.4, Epsilon Healthcare Solutions Pvt.

Ltd.) with a Focus 35C detector (14×17 inch,
Carestream, India). The X-ray generator and
imaging plate were positioned bilaterally along-
side the spine, with the imaging plate oriented
perpendicular to the primary X-ray beam. (Fig.
2). Serial lateral radiographic projections were
obtained using standardised exposure settings
of 70 kV, 38 mA and 30 mAs to evaluate the
elephants' skeletal health systematically.

The body condition scoring of elephants was as-
sessed using visual observations based on cri-
teria described by Wĳeyamohan et al. (2014).

Results

Case 1

Inspection: Female, 29 years, BCS 1/10, altera-
tion in conformation, altered gait, severe scars
and depression in the dorsal aspect of the body.

Radiographic findings: Degenerative changes
were observed in the thoracic vertebrae (T)
13-15 (Fig. 3b & 3c; marked with red arrow),
while abnormal fusion of the spinous processes
T16–T18 (Fig. 3a; marked with yellow arrows)
and adhesion of the spinous process to the skin
were noted at T19.

Case 2

Inspection: Male, 20 years, BCS 2/10, no vis-
ible scar on the skin but an abnormal projection
on the dorsal spine was encountered.

Figure 1. Photographs showing severely abused and exploited elephants.

Figure 2. Illustration of X-ray imaging.
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Radiographic findings: Severe degenerative
changes were observed in the dorsal spinous
processes, along with avulsion of the growth
plate avulsion from the spinous processes. Fu-
sion of two thoracic spinous processes was no-
ticed accompanied by severe degenerative le-
sions at T14–T15 (Fig. 4a; marked with yellow
circle). Fragmentation of growth plate was also
observed in several spinous processes, specific-
ally T15–T19 (Fig. 4b; marked with white ar-
rows). The epiphyseal growth plates are still
visible (Fig. 4a; marked with red arrows).

Case 3

Inspection: Male, 57 years, BCS 1/10, presented
with a history of chronic septic wounds due to
saddle gall.

Radiographic findings: Severe degenerative
changes were observed on spinous processes
from T14–T19 (Fig. 5b & 5c; marked with red
arrows) along with a kissing spine phenomenon
between T18 and lumbar vertebrae 1 (L1) (Fig.
5a; marked with yellow arrow).
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Figure 3. Abnormal fusion of spinous processes.



Figure 4. Growth plate fragmentation and avulsion from the spinous processes.

Figure 5. Spinous processes of thoracic vertebrae showing severe degenerative changes.

22



23

Case 4

Inspection: Female, 25 years, BCS 3/10, Abnor-
mal swelling with ulceration of skin on the
dorsal aspect of the body (marked with red ar-
row) was noticed.

Radiographic findings: Mild degenerative
changes were noticed in the spinous processes,
along with excessive thickening of the skin and
no signs of abscess lesion/skin adhesion were
noticed. The epiphyseal growth plates were not
clearly visible indicating the initiation of epi-
physeal mineralisation in the T16–T19 (Fig. 6a
& 6b; marked with yellow arrows).

Case 5

Inspection: Female, 21 years, BCS 1/10, presen-
ted with degenerative joint disorder affecting

forelimbs. Locomotion of the elephant is being
affected due to abnormal gait.

Radiographic findings: Mild degenerative
changes noticed in the spinous processes and
fibrotic adhesion (Fig. 7a; marked with yellow
arrows) was noticed at T12 and T13, possibly
attributed to consistent saddle compression and
overloading.

Case 6

Inspection: Female, 51 years, BCS 3/10, abnor-
mal projection of dorsal spine encountered.

Radiographic findings: Various degrees of de-
generative changes and remodelling of the
dorsal spinous processes were observed from
T14–T18. Abnormal callus formation was no-
ticed at T16–T17, potentially indicative of fu-

Figure 6. Radiograph of thoracic spine showing mild degenerative changes in the spinous processes.
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ture fusion (Fig. 8a; marked with yellow arrow).
Furthermore, T9–T13 exhibited an unusual
curvature at the tip with degenerative changes,
likely due to partial avulsion of the growth plate
caused by constant saddle pressure cranially
with over loading (Fig. 8b; red arrows).

Case 7

Inspection: Female, 29 years, BCS 2/10, severe
arthritis with abnormal gait. Elephant is exhibit-
ing symptoms of lameness and degenerative
joint disorder with both hindlimbs.

Radiographic findings: Degenerative and osteo-
lytic changes were noticed on the dorsal spinous

processes from T5–T7 and T12–T15 (Fig. 9a &
9c; marked with yellow arrows).

Case 8

Inspection: Male, 50 years, BCS 2/10.

Radiographic findings: Fragmented radio-
opaque lesions were observed between T4 and
T5 of the spinous processes (Fig. 10a; marked
with yellow arrow) suggesting potential growth
plate avulsions and degenerative lesions. Kiss-
ing spine was noticed at L3 and L4 (Fig. 10d;
marked with yellow circle) indicating contact
between adjacent vertebral spinous processes.

Figure 8. Remodelling of the dorsal spinous processes and abnormal callus formation.

Figure 7. Mild degenerative changes in the spinous processes with fibrotic adhesions.
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Figure 9. Abnormal degenerative and osteolytic changes in dorsal spinous processes.

Figure 10. Degenerative lesions with kissing spine.

Discussion

As in African elephants (Loxodonta africana),
the spinous processes incline caudally in Asian
elephants (Bezuidenhout & Seegers 1996).
Skeletal anatomy suggests that Asian elephants
have 19 pairs of ribs and 33 caudal vertebrae
(Mikota et al. 1994), whereas African elephants
have 21 pairs of ribs and 26 caudal vertebrae
(Smuts & Bezuidenhout 1993, 1994).

Kolk et al. (2008) assessed bone mineralization
in captive Asian elephants through radiography
of the tail vertebrae and concluded that there
was a gradual increase in the level of mineral-
isation and closure of the epiphyseal growth
plates as the elephants aged. At the age of 36
years, the growth plates were still not closed.
Male and female feet mature at different rates
and for different lengths of time in humans. The

metatarsals and proximal phalanges, of females
reach full maturity approximately 54 months
earlier than do males (Whitaker et al. 2002). In
elephants, the timing of P3 ossification for each
digit is variable (Siegal-Willott et al. 2008). The
relative times of growth plate closure were con-
sistent between right and left feet, but they var-
ied between the sexes. For example, one male
elephant did not exhibit radiographic closure of
the P1 growth plate until 8.7 years of age, in
contrast to closure detected at 7.6 years of age
in a female animal (Siegal-Willott et al. 2008).
Thus, it suggests the elephant's skeletal system
continues growing and the growth plate closing
times differ for each bone.

Authors observation and available data from the
present study revealed that growth plate miner-
alisation of dorsal spinous processes was en-
countered earlier in females (Fig. 11) as com-
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pared to males (Fig. 12; marked with yellow ar-
rows). Turner (2011) reported the occurrence of
spinous impingement most commonly between
T13 and T18 in riding horses. In the present
study, the authors observed that the dorsal spin-
ous processes of vertebra T1–T9 are more af-
fected than T10–T19. This may be due to the
pressure of saddle being more cranially than
caudally because Asian elephants carry most of
their body weight on their forelimbs
(Panagiotopoulou et al. 2012).

With available data, even in elephants aged >50
years not showing complete closure of the
growth plate (Fig. 13b, 14a & 14b, yellow ar-
rows). However, elephants appear to be capable
of carrying a significant amount of weight on
the back without showing signs of physical dis-

tress and no significant evidence shows carrying
a 15% body mass load brings changes in ele-
phant gait patterns (Kongsawasdi et al. 2021).
Any injuries that happen to the bones of the
dorsal spinous processes before the closing of
the growth plate may lead to various degrees of
degeneration and fracture. The fragmented and
partial avulsion of growth plates may lead to the
fusion of the spinous processes due to further
mineralization process.

Conclusion

Improper saddling, overloading, inappropriate
use of cushion materials, and ignored health
care of the wound along with malnourishment
may result in damaging the spinous processes of
the thoracic vertebrae which involves unusual

Figure 11. Female, 24 years, BCS 5/10, showing clear mineralisation; open physis at T8–T10 and
T18–T19 (yellow arrows).

Figure 12. Male, 22 years, BCS 2/10, showing even epiphyseal growth plates at T11–T15.
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fusion, various degrees of osteolytic changes,
and remodelling. Hence any injury or saddle
gall on the dorsal spine needs intensive treat-
ment, otherwise the recurrent infection and con-
secutive damage will interrupt the wound heal-
ing. Later this becomes a chronic wound and in-
creases the fibrotic adhesion with the dorsal
spinous processes. Since all the elephants in this
study are rescued from severely distressed con-
ditions, it needs further investigations on
healthy individuals who are not saddled to un-
derstand the exact time of growth plate closure
of the spinous processes.

Acknowledgments

We express our sincere gratitude to Mr. Kartick
Satyanarayan, CEO, Mrs. Geeta Seshamani,

Co-founder & Secretary, Baĳuraj MV, Dir-
ector- Conservation Projects, Wildlife SOS.
The authors would like to extend their thankful-
ness to the Uttar Pradesh Forest Department and
animal care staff of Wildlife SOS for their sin-
cere support and cooperation. Special thanks to
Srinu Srikanta Maharana for his valuable con-
tribution in the manuscript.

References

Bansiddhi P, Nganvongpanit K, Brown JL, Pun-
yapornwithaya V, Pongsopawĳit P & Thitaram
C (2019) Management factors affecting phys-
ical health and welfare of tourist camp elephants
in Thailand. PeerJ 7: e6756.

Figure 13. Male, 58 years, BCS 2/10, exhibiting partial mineralisation at T11–T13 (yellow arrows)
and closure of growth plates at T5–T7 (red arrows).

Figure 14. Female, 67 years, BCS 2/10, complete closure (red arrows) of T13 and T14 vertebral
growth plates, T16 and T17 yet to be closed (yellow arrows).



28

Bezuidenhout AJ & Seegers CD (1996) The os-
teology of the African elephant (Loxodonta
africana): vertebral column, ribs, and sternum.
Onderstepoort Journal of Veterinary Research
63: 131-147.

Gage L (1999) Radiographic techniques for the
elephant foot and carpus. In: Zoo and Wild An-
imal Medicine. 4th Edition. Fowler ME &
Miller RE (eds) W.B. Saunders, Philadelphia.
pp 517-520.

George PO (1989) Some common surgical con-
ditions encountered in elephants. In: Proceed-
ings of the Symposium Organized by the Kerala
Agricultural University at Trichur (India). Silas
EG, Nair MK & Nirmalan G (eds). pp 168.

Jeffcott LB & Haussler KK (2004) Back and
pelvis. In: Equine Sports Medicine and Surgery.
Hinchcliff KW, Kaneps AJ & Geor RJ (eds)
Saunders, Philadelphia. pp 464-468.

van der Kolk JH, van Leeuwen JPTM, van den
Belt AJM, van Schaik RHN & Schaftenaar W
(2008) Subclinical hypocalcemia in captive
Asian elephants (Elephas maximus). Veterinary
Record 162: 475-479.

Kongsawasdi S, Brown JL, Boonprasert K,
Pongsopawĳit P, Wantanajittikul K, Kham-
mesri S, Tajarernmuang T, Thonglorm N,
Kanta-In R & Thitaram C (2021) Impact of
weight carriage on joint kinematics in Asian
elephants used for riding. Animals 11: e2423.

Magda S, Spohn O, Angkawanish T, Smith DA
& Pearl DL (2015) Risk factors for saddle-re-
lated skin lesions on elephants used in the tour-
ism industry in Thailand. BMC Veterinary Re-
search 11: e117.

Mikota SK, Sargent EL & Ranglack GS (1994)
Medical Management of the Elephant. Indira
Publishing House, West Bloomfield, MI, USA.
pp 137-156.

Panagiotopoulou O, Pataky TC, Hill Z &
Hutchinson JR (2012) Statistical parametric
mapping of the regional distribution and onto-
genetic scaling of foot pressures during walking

in Asian elephants (Elephas maximus). Journal
of Experimental Biology 215: 1584-1593.

Siegal-Willott J, Isaza R, Johnson R & Blaik M
(2008) Distal limb radiography, ossification,
and growth plate closure in the juvenile Asian
elephant (Elephas maximus). Journal of Zoo
and Wildlife Medicine 39: 320-334.

Siffert RS (1981) Roentgenographic evidence
of growth plate closure. Clinical Orthopaedics
and Related Research 155: 302-303.

Smuts M & Bezuidenhout AJ (1993) Osteology
of the thoracic limb of the African elephant
(Loxodonta africana). Onderstepoort Journal
of Veterinary Research 60: 1-14.

Smuts M & Bezuidenhout AJ (1994) Osteology
of the pelvic limb of the African elephant (Lox-
odonta africana). Onderstepoort Journal of
Veterinary Research 61: 51-66.

Turner TA (2003) Back soreness in horses. Pro-
ceedings American Association of Equine Prac-
titioners 49: 71–74.

Turner TA (2011) Overriding spinous processes
(“kissing spines”) in horses: diagnosis, treat-
ment, and outcome in 212 Cases. Proceedings
American Association of Equine Practitioners
57: 424-430.

Varma S, Verghese G, Sarma KK, Kalaivanan
N, Manoharan NS, Abraham D, Sujata SR &
Pandey N (2010) Captive Elephants in Forest
Camps of India: An Investigation into the Popu-
lation Status, Management and Welfare Signi-
ficance. Elephants in Captivity: CUPA/ANCF
Technical Report no.17.

Whitaker JM, Rousseau L, Williams T, Rowan
RA & Hartwig WC (2002) Scoring system for
estimating age in the foot skeleton. American
Journal of Biological Anthropology 118:
885-892.

Wĳeyamohan S, Treiber K, Schmitt D & San-
tiapillai C (2014) A visual system for scoring
body condition of Asian elephants (Elephas
maximus). Zoo Biology 34: 53-59.


