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Objective Osteoarthritis is a common cause of pain and dysfunction in dogs. Intraarticular (IA) corticosteroids have been used to treat human and animal osteoarthritis;
however, their systemic effects have not been well documented in dogs. Therefore, our
objective is to determine if a single IA triamcinolone acetonide (TA) injection, at two
different doses, suppresses the hypothalamic–pituitary–adrenal axis, induces alkaline
phosphatase (ALP), or causes other clinicopathological abnormalities in dogs.
Study Design Six healthy female intact adult mongrel dogs from a research colony.
For phase one, dogs were randomly assigned to injection of 0.25 mg/kg TA into the
right (n ¼ 3) or left (n ¼ 3) stiﬂe. Haematology, liver-related biochemistry and adrenocorticotropic hormone stimulation tests were conducted the day prior to injection and
repeated on days 1, 3 and 7, and then weekly after injection until values normalized.
Following a 2-week washout period, 0.5 mg/kg TA was injected into the contralateral
stiﬂe (phase two), and laboratory testing mimicked phase one.
Results Mild, transient adrenocortical suppression occurred in both phases, beginning on day 1 and resolving by days 3 and 7 in phases one and two respectively.
However, post-adrenocorticotropic hormone stimulation cortisol levels were never
outside the normal range for either phase. Alkaline phosphatase activity increased on
day 3 in phase two but remained within normal limits. Mild stress leukograms occurred
on day 1 in both phases. No clinical abnormalities were noted throughout the study.
Conclusion Systemic adverse effects following IA TA stiﬂe injections at 0.25 mg/kg
and 0.5mg/kg are unlikely.

Introduction
Osteoarthritis (OA) is one of the most common causes of
pain, impaired mobility, functional disability and poor quality of life. A wide variety of pharmacologic and non-pharmacologic therapies are used to relieve OA pain in human
and veterinary patients.1–3 However, 12% of dogs with OA
still fail to achieve signiﬁcant pain relief.4
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Intra-articular (IA) triamcinolone acetonide (TA) injections are commonly performed in humans and horses as
an anti-inﬂammatory and analgesic agent for OA.5–16
Although horses and people may clinically beneﬁt from IA
glucocorticoids, including TA, there is also evidence of local
chondrotoxicity, particularly with repeat dosing.5,10–16 The
putative systemic side effects of corticosteroid usage most
commonly cited (including topical and intramuscular TA)
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include adrenocortical suppression, insulin resistance and
iatrogenic hyperadrenocorticism (HAC).17–19
In people, 40 mg of TA (0.5 mg/kg for average adult) represents a common IA knee dose.8,10 Anecdotally, similar clinical
dosing (0.25–0.5 mg/kg IA) is applied to dogs. In contrast to
horses and people, repeat IA dosing of 0.25 mg/kg of triamcinolone hexacetonide (TH) showed cartilage sparing for canine
OA.20–22 However, in healthy joints, a recent study regarding
the local effects of IA TA and extended release TA (TA-ER) in dog
stiﬂes did demonstrate mild adverse cartilage effects including
a reduction in Safranin O staining (indicative of proteoglycan
loss within the cartilage matrix) and rarely mild focal structural damage.23 During follow-up, Safranin O loss showed
capacity for recovery, and cartilage effects were considered
mild and transient. Although anecdotal clinical response
appears promising with minimally adverse to potentially
cartilage sparing effects locally, the systemic inﬂuence of IA
triamcinolone in dogs, remains unexplored.
The primary aim of this study was to determine if TA (a
related preparation to TH) suppresses the hypothalamic–pituitary–adrenal axis (HPA) after single IA injection by monitoring
changes in adrenocorticotropic hormone (ACTH) stimulation
tests. Secondary aims were to determine if IA TA (1) increases
serum alkaline phosphatase (ALP) activity and (2) causes other
clinicopathological abnormalities consistent with iatrogenic
HAC on standard haematology and liver related biochemistry
testing. We hypothesized that IA administration of either 0.25
or 0.5 mg/kg TA into healthy adult dog stiﬂes will cause (1)
adrenocortical suppression, (2) serum ALP elevation and (3)
other clinicopathologic abnormalities consistent with iatrogenic HAC that resolve within 2 weeks.
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Materials and Methods
The study protocol was approved by the Institutional Animal
Care and Use Committee of Cornell University (protocol 2018–0062). Six healthy, purpose-bred, naïve, adult (mean  standard
deviation [SD] age 6 years  6 months), female intact beaglemixed mongrel dogs were enrolled. The mean dog weight was
11.8kg  1.3kg with a range of 10 to 12.9 kg.
The study consisted of two phases (►Fig. 1). In phase one,
the right (n ¼ 3) or left (n ¼ 3) stiﬂe was randomly selected for
injection of 0.25 mg/kg of TA (Kenalog-10, Triamcinolone
Acetonide Injectable Suspension USP 10 mg/mL, Bristol-Myers
Squibb, New York, New York, United States). In phase two,
0.5 mg/kg of TA was injected into the contralateral stiﬂe. A 2week washout period separating the study phases commenced
after serial laboratory work from phase one normalized. The
time of IA TA administration was deﬁned as day 0 for both
phases. In both phases, one day before injection at baseline (day
-1), each dog had a complete blood count (automated [haematology] Bayer Advia 2120i, Siemens Corporation, New York,
New York, United States), liver panel (Cobas c501, Roche
Diagnostics, Indianapolis, Indiana, United States) and ACTH
stimulation test to obtain baseline data and rule out underlying
disease that might preclude enrolment. A physical examination
was performed on all dogs prior to enrolment. Haematology,
liver panel, ACTH stimulation testing, a physical exam and
general health history from kennel care attendants were gathered on days 1, 3 and 7 and then weekly.
The liver panel consisted of liver-related biochemistry values
including blood urea nitrogen, albumin, glucose, alanine aspartate transferase (ALT), aspartate amino transferase (AST), ALP,

Fig. 1 Schema of the study protocol laboratory work. ACTH, adrenocorticotropic hormone.
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gamma glutamyl transferase (GGT), total bilirubin, direct bilirubin, indirect bilirubin and cholesterol. Adrenocorticotropic
hormone stimulation testing consisted of a pre-stimulation
cortisol concentration followed by intravenous (IV) administration of synthetic ACTH (Cosyntropin for Injection 0.25 mg
per 2 mL suspension, Mylan, Canonsburg, Pennsylvania, United
States) at a 5 µg/kg dog dosing. One hour after ACTH administration, serum was collected for post-stimulation cortisol concentration. All ACTH stimulation tests were conducted at
approximately the same time in the afternoon for consistency
with a validated canine assay (Immulite 1000 Cortisol Chemiluminescent Assay, Siemens Corporation, New York, New York,
United States).24,25 The cross-reaction with triamcinolone for
our cortisol assay was 0.022% according to the manufacturer.
Throughout the study, venipuncture was conducted from a
cephalic vein using a 21 g butterﬂy catheter connected to a
vacutainer to ﬁll two 5 mL coagulation and one 4 mL potassium
ethylenediaminetetraaceticacid tube. After blood collection,
ACTH was injected and ﬂushed with 1 mL of sterile saline.
About 1 to 2 mL of serum was collected again 1 hour after ACTH
injection from the same vein with a 22-gauge needle and
syringe and placed into a 5 mL coagulation tube. Cephalic veins
were alternated as venipuncture sites each sampling day.
Samples were submitted to the Cornell University Diagnostic
Laboratory for processing and analysis.
The dogs were sedated IV after a 12-hour fasting with
5.0 µg/kg dexmedetomidine (Dexdomitor 0.5 mg/mL, Zoetis, Kalamazoo, Michigan, United States) and 0.2 mg/kg
methadone (Mylan 10 mg/mL Rockford, Illinois, United
States) and monitored by a veterinary anaesthesiologist
during IA injection. The selected stiﬂe was clipped of hair
and aseptically prepared in standard fashion. About 0.25 mL
of 2% lidocaine (LidoJect, Henry Schein Animal Health,
Dublin, Ohio, United States) was inﬁltrated subcutaneously
prior to needle placement. A 22 g, 1.5” needle was directed
into the craniolateral stiﬂe joint. Synovial ﬂuid withdrawal
without blood on aspiration conﬁrmed placement before
injecting 0.25 mg/kg of TA followed by 0.1 mL of saline
ﬂush. Atipamezole (Antisedan 5.0 mg/mL, Zoetis, Kalamazoo, Michigan, United States) was administered IM for
sedation reversal. Maropitant (Cerenia, Zoetis, Kalamazoo,
Michigan, United States) was administered 2 mg/kg per os
as needed for nausea.

Statistical Analysis
Initial power analysis was performed to assess number of
dogs needed for this study as follows. Assuming that cortisol
level is 12.5  2.91 (mean  SD) µg/dL 1 hour after ACTH
injection, then a sample size of six dogs would detect a
25% reduction in post-stimulation cortisol level with an α of
0.05 and power of 0.8.
Statistical analysis was performed with a commercially
available software package (JMP Pro 13.0). The variables of
interest were normally distributed, so a mixed-model analysis
was applied. First, the differences between baselines prior to
joint injection in both phases were assessed using a paired
T-Test. Mixed model analysis was performed with the ﬁxed
effects of time, dose, the interaction of dose and time; as well as
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random effects of dog and dose nested within dog to account for
repeated measurements for each dog. Residual diagnostics of all
ﬁnal models showed that residuals were normally distributed
and fulﬁlled the assumption of homoscedasticity, and assumptions where therefore met. Pairwise comparisons between
common time points in both phases were corrected for multiple comparisons with Tukey’s post-hoc tests to examine the
interaction of time, and to assess differences in change from
baseline at any time point as they related to dose. Pre-ACTH
cortisol concentrations were below the detection limit and
signiﬁcant different from baseline, but due to lack of numerical
continuous data points at day 1 for dose 1, only 1, 3 and 7 were
used for analysis. Similarly dose 2 day 1 and 3 data were below
the lower limit of detection, so day 1 and 7 were analysed for
dose, time and dosetime effects. Considering day 14 was
collected for dose 2, a mixed model analysis of was performed
without the ﬁxed effect of dose to assess differences over time
for both pre and post-ACTH cortisol concentrations. A p-value of
less than 0.05 was deﬁned as the signiﬁcant.

Results
No abnormalities were noted from the history or during clinical
examination of the dogs over the course of the study including
adverse reactions to IA TA administration such as lameness,
pain or swelling. Data were normally distributed, and baseline
data did not signiﬁcantly differ and was considered clinically
normal. Due to a laboratory error, a haematology was unavailable for 1 dog on day 1 during phase two. Baseline haematology
and liver panels were within the reference ranges for both
phases (►Tables 1–2), except for a mild lymphopenia in 4/6
dogs in phase one. Mild decreases in haematocrit, haemoglobin
and red blood cell values on day 1 were seen during phase two
(►Table 1). A mild stress leukogram with neutrophilia, lymphopenia and eosinopenia was noted on day 1 of both phases
(►Table 1). All these values were signiﬁcantly different from
baseline except for the lymphopenia noted on day 1 of phase
one, which was still outside the reference range. All values
returned to baseline by day 3. The only signiﬁcant differences
observed in serum biochemistry evaluation were ALP activity
being signiﬁcantly increased from baseline on day 3 during
phase two (►Table 2). A signiﬁcant increase in GGT from
baseline without changes in serum ALT and AST was noted
on day 3 in phase two (►Table 2).
Pre-stimulation cortisol level was also below the lower limit
of detection (1.80 µg/dL) for four dogs (0.75, 0.97, 1.76 and 1.78
ug/dL) in the ﬁrst phase and ﬁve dogs (0.49, 0.60, 0.93, 1.61,
1.69 ug/dL) in the second phase (►Table 3). Post-stimulation
cortisol levels remained in the normal range at all time points
for both phases. Following TA administration, cortisol values
trended similarly over time in both phases. Mean pre-stimulation cortisol levels were signiﬁcantly lower (►Table 3) than
baseline on day 1, approaching 0, and began to rise on day 3
and 7 in phases one and two, respectively, and neither phase
differed from baseline by day 7. There was a signiﬁcant
decrease in post-stimulation cortisol levels from baseline on
days 1 and 3 of phase one and days 1 to 7 of phase two,
returning to baseline by days 7 and 14 respectively (►Table 3).
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Table 1 Mean and standard deviation (n ¼ 6) of complete blood counts in dogs receiving two different doses of intra-articular TA
Parameter

HCT

Haemoglobin

RBC

WBC

Neutrophils

Lymphocytes

Monocytes

Eosinophils

Platelets

p-Value for fixed effects

Reference
range

TA dose
(mg/kg)

Time
Day-1
Baseline

Day 1

41–58%

0.25 mg/kg

50  3a

49  5a

a

b

14.1–20.1 g/dL

5.7–8.5 mill/µL

5.7–14.2 thou/µL

3.0–9.6 thou/µL

1.1–4.5 thou/µL

0.1–1.0 thou/µL

0.1–2.1 thou/µL

186–545 thou/µL

Day 7

Time

Dose

Dosetime

51  4a

52  4a

<0.01

0.98

<0.01

a

51  4a
<0.01

0.69

<0.01

<0.01

0.98

0.002

<0.01

0.07

0.28

<0.01

0.07

0.07

<0.01

0.49

<0.01

0.28

<0.01

<0.01

<0.01

0.02

0.19

0.55

0.12

0.32

Day 3

0.5 mg/kg

52  4

0.25 mg/kg

17.2  1.2a

17.3  1.7a

17.3  1.4a

17.8  1.5a

a

b

a

17.3  1.6a

45  4

53  6

15.1  1.9

18.0  1.6

0.5 mg/kg

17.9  1.3

0.25 mg/kg

7.1  0.6a

7.1  0.8a

7.1  0.6a

7.3  0.8a

a

b

a

7.2  0.5a

10.5  2.6b

6.6  1.5a

7.6  1.3a

b

a

8.3  1.5a

4.1  0.7a

5.7  1.2a

a

a

0.5 mg/kg

7.4  0.4

0.25 mg/kg

8.1  1.6a,b

6.4  0.8

0.5 mg/kg

8.4  1.4

a

13.0  2.1

0.25 mg/kg

6.1  1.4a

9.0  2.4b

7.5  0.5
8.0  1.2

0.5 mg/kg

5.7  1.2

a

b

11.3  1.7

0.25 mg/kg

1.1  0.8a

1.0  0.4a

2.0  0.7b

1.9  0.5b

a

b

a

a

5.9  0.8

5.5  1.1

0.5 mg/kg

1.9  0.4

0.25 mg/kg

0.5  0.2a

0.3  0.2a

0.3  0.1a

0.4  0.1a

a

a

a

a

1.2  0.5
0.5  0.1

1.4  0.5
0.5  0.1

0.5 mg/kg

0.4  0.1

0.25 mg/kg

0.3  0.1a

0b

0.2  0.1a,b

a

b

b,c

0.5 mg/kg

0.3  0.1

0.25 mg/kg

332  102a

0.5 mg/kg

299  88

a

0

0.1  0.1

313  111a
325  90

369  164a

a

301  91

a

1.9  0.4
0.6  0.1

0.3  0.1a
0.2  0.1

a,c

343  109a
271  143

a

Abbreviations: HCT, haematocrit; RBC, red blood cells; TA, triamcinolone acetonide; WBC, white blood cells.
Bold values are outside of the reference range.
a,b,c
Signiﬁcant (p < 0.05) differences between time points within each treatment (shared superscripts are not signiﬁcantly different).

Table 2 Mean and standard deviation (n ¼ 6) of serum biochemistry hepatic parameters in dogs receiving two different doses of IA TA
Parameter

Reference
range

Dose IA TA

Urea
nitrogen

9–26 mg/dL

0.25 mg/kg

Albumin

3.2–4.1 g/dL

Glucose

ALT

AST

ALP

GGT

Cholesterol

68–104 mg/dL

17–95 U/L

18–56 U/L

7–115 U/L

0–8 U/L

136–392 mg/dL

p-Value for fixed effects

Time
Day 1
Baseline

Day 1

19  5a

18  4a

a

0.5 mg/kg

22  4

0.25 mg/kg

3.6  0.2

a

0.5 mg/kg

3.6  0.1

a

0.25 mg/kg

80  5

20  2

a

0.5 mg/kg

86  12

0.25 mg/kg

51  15

a

a

a,b
a

3.8  0.2

b

a

48  20a
a

0.5 mg/kg

39  5

0.25 mg/kg

24  3a

24  8a

a

a

0.5 mg/kg

23  1

0.25 mg/kg

47  33a,b

20  4
a

a

82  14
38  6

Time

Dose

Dosetime

18  5a

21  7a

<0.01

0.46

0.18

b

23  5a
<0.01

0.55

0.17

0.37

0.76

0.23

0.02

0.13

0.99

0.30

0.35

0.53

<0.01

0.84

0.09

0.03

0.23

0.13

<0.01

0.15

0.13

15  3

3.8  0.2
89  7

a

Day 7

Day 3

3.7  0.2

a

3.6  0.1

a

3.7  0.2

a,b

3.5  0.1

a

85  10

a

82  10

90  12

a

a

59  22a

54  26a

a

43  13a

49  11

56  37

a

51  19

a,b

21  2

a

25  1a

21  5

a

a

56  29
63  24

0.5 mg/kg

38  14

0.25 mg/kg

5  1a

5  2a

6  2a

a

a

b

0.5 mg/kg

41

0.25 mg/kg

210  58a

0.5 mg/kg

235  43

41
a,b

83  7

a

97

22  2
a

b

41  21b
41  16

a

5  2a
51

a,b

201  58a

215  58a

212  20a

a

b

a

213  40

248  47

223  34

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aspartate transferase; AST, aspartate aminotransferase; GGT, gamma glutamyl transferase;
IA, intra-articular; TA, triamcinolone acetonide.
Bold values are outside of the reference range.
a,b,c,d
Signiﬁcant (p < 0.05) differences from each time point within each treatment (shared superscripts are not signiﬁcantly different).
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0.63

0.88

<0.01

0.03

0.03
No. 2/2020

Abbreviations: ACTH, adrenocorticotropic hormone; TA, triamcinolone acetonide.
Bold values are outside the normal reference range.
a,b,c
indicate signiﬁcant (p < 0.05) differences between time points within each treatment (shared superscripts are not signiﬁcantly different).

8.02  1.95
0.5

10.22  1.37

7.81  1.01

b
a

6.61  1.20

NA

10.97  1.47

a
b
b

9.73  1.73a,b
8.19  2.25b
8.67  2.44b
11.73  2.26a
6.00–16.00

Cortisol
post-ACTH
stimulation

0.25

1.73 þ 0.78
0.69  0.21

1.80–4.00
Cortisol
pre-ACTH
stimulation

0.5

1.27  0.71

<0.02

b
a

< 0.02

NA

a
a,b,c
b

1.27  0.71a,c
< 0.02b

Vol. 3

0.25

1.78  0.84 a

0.51  0.50b,c

Day 14
Day 7
Day 1
Day 1
Baseline

Day 3

Time
TA dose
(mg /kg)
Reference
range
(ug/dL)
Parameter
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Discussion

0.03

Dosetime
Dose
Time

p-Value for fixed effects
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Table 3 Mean and standard deviation (n ¼ 6) for serum cortisol concentrations before and after ACTH stimulation over time in dogs receiving two different doses of intra-articular TA

e100

Our ﬁndings suggest mild transient systemic changes from IA
TA in healthy adult mongrel dogs without any clear adverse
effects. We noted suppression of cortisol levels compared
with baseline resolving by day 3 or 7 for phase one and two
respectively. Minimal elevations in ALP within reference
range occurred on day 3 of phase two and some mild clinical
pathological changes associated with HAC also occurred and
resolved between days 3 to 7 for both phases. At no point
during the study were clinical ﬁndings consistent with HAC
and dogs remained healthy.
The ﬁrst objective of this study was to determine if IA
injection of TA suppresses the HPA. Endogenous glucocorticoids are regulated by the HPA and are produced in the adrenal
cortex. Both endogenous and exogenous glucocorticoids exert
negative regulatory feedback on the HPA, suppressing ATCH
release, and, therefore, cortisol production. In people, the
extent of exogenous glucocorticoid adrenal suppression
depends on the type, frequency, dose and patient.26–28 Iatrogenic HAC can also result from administration of corticosteroids, although this is not as commonly reported as
adrenocortical suppression in the context of IA dosing.29,30
Signalment (age and sex) as well as diurnal ﬂuctuations
were controlled for by population and sampling time when
assessing HPA,31,32 leaving only the ﬁxed effects of dose, time
and dose  time. Baseline (day –1) pre-stimulation cortisol level
was below the reference range for four dogs in phase one and
ﬁve dogs in phase two. These dogs had normal post-stimulation cortisol levels and exhibited no evidence of adrenal
damage, critical illness or inﬂammation upon screening that
explained their pre-stimulation cortisol levels.24 Interestingly,
our basal cortisol results could be reﬂective of age as they were
similar to a cohort of 3 to 5 year-old dogs in a study assessing
the inﬂuence of aging on adrenal responsiveness in healthy
beagles.31 For all these reasons, these dogs were considered
clinically normal and not excluded for study purposes.
After IA TA injection, pre-stimulation cortisol levels
decreased, but returned to baseline by day 7 in both phases.
Furthermore, post-stimulation cortisol levels were signiﬁcantly
decreased, but returned to baseline by day 7 and 14 in phase
one and two respectively. Despite a p-value of 0.03, demonstrating that TA dose difference impacted overall cortisol
response, no difference was found using conservative Tukey’s
post hoc testing when assessing cortisol levels between phases
at each time point (►Table 3). Therefore, both doses impacted
cortisol production through a negative feedback mechanism
similarly over time, aligning with our primary hypothesis. The
post-ACTH stimulation results continued to reﬂect a degree of
negative feedback from TA, suppressing the HPA, compared
with baseline although remaining within in normal range.
Comparatively, a similar pattern has been described in previous
studies examining suppression using topical glucocorticoids.19
Therefore, the degree of suppression for both doses is transient
and may be considered mild, without suspicion of adrenal
atrophy or damage, given patient health and the normal
post-ACTH stimulation results. In a recent study on beagle
dogs, IA TA injections were compared with an extended release
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IA TA.23 Plasma concentrations of a single 18.75mg IA TA dose
were measured over time and demonstrated a peak concentration rapidly within hours that decreased dramatically over
3 days and was undetectable by 2 weeks. Although the IA TA
dosage used was much larger than ours, the pattern of plasma
absorption and clearance helps explain the duration of suppression we noted during our ACTH stimulation testing.
The second objective was to determine if, to what extent,
and for how long IA injection of TA increases serum ALP
activity. Serum ALP remains a practical and sensitive screening tool for HAC or exogenous corticosteroid use due to the
induction of ALP isoenzyme (C-ALP).33 On the other hand,
ALP as measured in our study is not speciﬁc for a single
isoenzyme (such as C-ALP) but instead captures and groups
multiple isoenzymes together. Considering the age and
health of the dogs in this study, ALP elevations were presumed to be corticosteroid induced. mildly increased within
the normal reference range on day 3 during phase two, and
therefore most likely reﬂected induction from TA. A similar
insigniﬁcant trend was noted in phase one. These ﬁndings
partially support our second hypothesis for phase two.
Surprisingly, ALP never increased above the upper end of
the reference range interval. However, the observation of
increased ALP activity ﬁrst occurring on day 3 in phase two
only may be attributed to a delay in enzyme activity induction from triamcinolone dosing; and that, in general, the
type, dose and frequency of administration of a corticosteroid can affect the patterns of ALP enzyme induction over
time.34
The third objective was to determine if IA injection of TA
causes other clinicopathological abnormalities consistent
with iatrogenic HAC. The stress leukogram noted on day 1
in both phases is a common ﬁnding after corticosteroid
injection and was not surprising. The absence of erythrocytosis and instead, a mild but signiﬁcant decrease in haematocrit, haemoglobin and red blood cells on day 1 in phase two
was unexpected; the cause and clinical relevance are uncertain. Least squares mean GGT on day 3 in phase two was
higher than normal limits at 9 U/L due to a GGT of 20 U/L in
one dog. The value may be spurious given the absence of
clinical illness and normal serum ALT and AST ﬁndings.
Our study had several limitations beyond small sample
size. We selected doses of 0.25 mg/kg and 0.5 mg/kg TA based
on prior human and veterinary studies.8,10,20–22 Despite the
chondroprotective effects of TH for canine OA, IA TA is a more
logical choice to investigate given its greater availability in
veterinary medicine and published data regarding its pharmacokinetics and local stiﬂe joint effects in the dog.23 As a
safety strategy, we assessed the effects of the 0.25 mg/kg
dose ﬁrst before proceeding with the higher 0.5 mg/kg
injection, preventing dose-randomization. However, siterandomization between right and left stiﬂe was performed.
Another constraint of the study was the absence of a control
group (a sham and/or saline injection group). For ethical and
logistical reasons, we assessed baseline values for each phase
and applied a mixed model of covariance analysis to help
account for the lack of control and complete randomization.
Lastly, our safety trial only accounted for healthy dogs;
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however, IA TA clinical application is for OA treatment.
Because inﬂammation inherent to OA increases synovial
permeability,35 it may increase systemic effects of IA
glucocorticoids.36,37
In summary, mild transient suppression of endogenous
cortisol production was noted for up to 3 days following IA TA
injection in healthy dogs regardless of dose; however, adrenal response to ACTH stimulation testing was normal in all
phases. All haematology and chemistry value changes were
minimal and transient. Furthermore, no dogs experienced
clinical signs associated with HAC, joint injection or other
diseases attributable to exogenous IA corticosteroid supplementation. In conclusion, systemic adverse effects following
local IA administration of TA in healthy canine stiﬂe joints
are unlikely at both 0.25 and 0.5 mg/kg. We hope this trial
encourages further research into the safety and clinical
efﬁcacy of IA corticosteroid therapy.
Note
The study protocol was approved by the Institutional
Animal Care and Use Committee of Cornell University
(protocol No. 2018–0062).
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