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Abstract

Objectives: To establish preoperative and postoperative serum C reactive pro-

tein (CRP) and serum amyloid A (SAA) levels in dogs undergoing uncompli-

cated total hip arthroplasty (THA).

Study design: Prospective clinical trial.

Animals: Eighteen client-owned dogs.

Methods: Dogs undergoing THA were recruited. Serum CRP and SAA levels

were measured in all dogs the day prior to surgery, and 3 and 6 months follow-

ing surgery. All dogs received a physical examination and underwent radiogra-

phy at each visit, and dogs with complications were excluded from the study.

For continuous numeric data, histograms were generated and evaluated for

normality. A 1-way repeated measures ANOVA was performed to find differ-

ences between time points.

Results: No complications were encountered in any of the recruited dogs.

Median age was 30 months (12-66), and the median bodyweight was 27.3 kg

(22.3-40.2). Mean CRP concentrations in the preoperative, 3-month, and

6-month periods were 3.8 mg/L ± 4.4, 0.8 mg/L ± 1.9, and 1.4 mg/L ± 1.4,

respectively. The mean SAA concentrations in the preoperative, 3-month, and

6-month periods were 13.9 mg/L ± 8.8, 14.1 mg/L ± 12.6, and 18.4 mg/L

± 15.1, respectively. There were no differences for each parameter between

time points.

Conclusion: C-reactive protein and SAA levels were consistent with levels

previously established for noninflammatory and normal conditions in dogs.

Clinical significance: Postoperative CRP and SAA concentrations were low

by 3 months following uncomplicated THA.

1 | INTRODUCTION

Periprosthetic joint infection (PJI) is a rare but cata-
strophic complication following joint replacement sur-
gery and can be difficult to both diagnose and
manage.1–13 In the human surgical field, the diagnosis for
PJI is often redefined, b initial screening for PJIs involves
laboratory tests from peripheral blood and synovial
fluid.14–16 Serum acute phase protein concentrations such

as C-reactive protein (CRP) are measured routinely as a
screening tool to rule out the presence of PJIs following
joint-replacement surgery.17 Serum CRP levels rise and
fall naturally after knee and hip arthroplasty, which
reflects a systemic response to surgical trauma.18,19 The
magnitude and the timing of peak concentrations, as well
as the duration of elevation, vary between each test and
type of procedure.20,21 C-reactive protein levels peak on
postoperative day 2 and return to preoperative levels by
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day 21 in uncomplicated total hip arthroplasty (THA) in
humans; elevations that persist beyond established acute
and chronic time points are highly indicative of
infection.14–24

Serum CRP and serum amyloid A (SAA) are reliable
biomarkers of inflammation in dogs,25–28 with some evi-
dence that SAA is better able to differentiate between
inflammatory and noninflammatory states than CRP.29

Acute-phase proteins in dogs with postoperative orthope-
dic infection have been investigated previously,30 but
their clinical utility for dogs undergoing joint replace-
ment surgery is unknown. Indeed, baseline values in
dogs undergoing THA have not yet been appropriately
established. The objectives of this study were to establish
preoperative CRP and SAA serum levels for dogs under-
going uncomplicated THA. We hypothesized that CRP
and SAA concentrations would not differ from baseline
levels following uncomplicated THA at 3 or 6 months
postoperatively.

2 | MATERIALS AND METHODS

2.1 | Animals

Client-owned dogs undergoing cementless THA (BFX
system; Biomedtrix, Whippany, New Jersey) were
recruited to the study. The study was approved by
the institution's animal care and use committee
(#201810232). Inclusion criteria consisted of dogs with
noninflammatory hip disorders such as canine hip dys-
plasia. A medical history was obtained from the owner
of each dog. All dogs had a thorough physical and ortho-
pedic examination. A complete blood count and serum
chemistry profile were performed. Calibrated orthogonal
projection radiographs of the pelvis and affected femur
were obtained for presurgical planning. Dogs were
excluded if any local or systemic inflammatory disease or
neoplastic process was identified or suspected on exami-
nation and/or laboratory tests. Dogs with previous con-
tralateral THA were not included. Dogs were also
excluded if they sustained major trauma or postoperative
complication within 1 month from any time point in the
study.

2.2 | Procedures and data collection

Cementless THA was performed using the recognized stan-
dard technique.31 Analgesia consisted of perioperative epi-
dural morphine injection, and perioperative and
postoperative intravenous opioid therapy (such as metha-
done, or hydromorphone q4-6h). All dogs were prescribed

postoperative nonsteroidal analgesics and prophylactic anti-
biotic therapy for 2 weeks.32

Blood samples for serum CRP and SAA levels were
obtained in all dogs, and were collected the day prior to
surgery, then 3 and 6 months following surgery. At each
time point, dogs were examined, and history was gath-
ered from the owner to ensure normal progression
through the postoperative period. Radiographs of the pel-
vis and femur to assess for appropriate osseointegration,
implant stability, or any notable complications were also
performed at 3 and 6 months postoperatively.

2.3 | Enzyme-linked immunoassay

Canine blood samples were stored at �80.0 �C until used
for detection of canine specific CRP and SAA, and were
analyzed in accordance with the manufacturer's instruc-
tions (Abcam, Waltham, Massachusetts). Each condition
was assayed in triplicates. Briefly, each serum sample
was duplicated and diluted 1:50, 1:200, 1:500, and 1:1000.
100 μl of diluted samples was loaded onto the precoated
wells and incubated at the manufacturer's stated time at
room temperature. Following incubation, plates were
washed 4 times in total. One hundred microliters of 1�
enzyme-antibody conjugate was added to each well. Tet-
ramethylbenzidine substrate solution was used and was
followed by stop solution (2 N sulfuric acid) to measure
colorimetric change. Optical density was determined
using a microplate reader (BioTek Synergy LX Microplate
Reader, Winooski, Vermont) at 540 and 450 nm. Wave-
length correction was performed to correct for optical
imperfections in the plate. The quantity of CRP was then
interpolated from the standard curve constructed from
the standards and corrected for sample dilution.

2.4 | Statistical analysis

For continuous parametric numeric data, histograms
were generated and evaluated for normality. A 1-way
repeated measures ANOVA was performed to find differ-
ences between time points. A P-value of <.05 was consid-
ered statistically significant.

3 | RESULTS

Eighteen dogs diagnosed with hip dysplasia were
included in this study. Dogs included 7 castrated males,
7 spayed females, 2 males, and 2 females. Median age
was 30 months (12-66), and the median body weight was
27.3 kg (22.3-40.2). Breeds represented included mixed
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breed dogs (n = 6), golden retriever (n = 3), German
shepherd (n = 2), standard poodle(n = 2), flat coated
retriever, Doberman pinscher, border collie, Dogue de
Bordeaux, and Vizsla. Clinical signs reported at presenta-
tion included visible lameness (n = 14), difficulty rising
(n = 18), exercise intolerance (n = 18), and inability to
jump (n = 8). Duration of clinical signs prior to study
inclusion ranged from 6 to 14 months. Physical examina-
tion abnormalities included: notable lameness at a walk
in 1 or 2 hindlimbs (n = 18), increased body condition
(n = 9), asymmetrical pelvic limb muscular atrophy
(n = 16), and pain on hyperextension of the hip (n = 15).
All dogs were being treated with nonsteroidal anti-
inflammatories (NSAIDs) prior to and at the time of sur-
gery. Findings of complete blood counts and biochemical
screens were all within normal limits.

Serum samples for CRP and SAA were collected for all
dogs in the preoperative and 3-month time points. Mean
CRP concentrations in the preoperative, 3-month, and
6-month periods were 3.8 mg/L ± 4.4, 0.8 mg/L ± 1.9, and
1.4 mg/L ± 1.4, respectively (P = .140). The mean SAA con-
centrations in the preoperative, 3-month, and 6-month
period were 13.9 mg/L ± 8.8, 14.1 mg/L ± 12.6, and
18.4 mg/L ± 15.1, respectively (P = .556) (Figure 1). All
dogs underwent satisfactory clinical assessment 3 and
6 months postoperatively and displayed normal recovery
and return to function. At 6 months postoperatively, all
dogs had discontinued NSAID therapy. There was no differ-
ence in each parameter between time groups.

4 | DISCUSSION

This study established preoperative serum CRP and SAA
concentrations in dogs undergoing uncomplicated THA.

We accept our hypothesis, as there was no difference
between any time points in either CRP or SAA. Both
levels were low preoperatively and remained low
throughout the study time points. This study provided
baseline values which are necessary for determining the
utility of these tests for detecting periprosthetic joint
infections in dogs.

C-reactive protein and SAA levels in our cohort of
dogs were consistent with concentrations in healthy dogs,
and dogs with osteoarthritis (OA).29,33–37 Hillstrom et al.
showed that serum CRP concentrations of discriminated
well between dogs with suppurative arthritis (>20 mg/L)
and dogs with OA (<20 mg/L).33 Löfqvist et al. reported
discriminatory limits in dogs with tibial plateau leveling
osteotomy (TPLO) infections at >43.9 mg/L for CRP, and
>63.8 mg/L for SAA.30 In humans who have undergone
THA, deviations in serum CRP concentrations above
10 mg/L may raise suspicions of systemic infection as
early as 7-14 days following joint replacement sur-
gery.15,16,21,38 There is ongoing debate on the exact role of
elevated CRP levels in human PJI screening. One study
demonstrated that patients with an acute infections
caused by low virulent organisms had significantly lower
median serum CRP levels (5.4-23.7 mg/L) compared with
those with infections caused more virulent organisms,
such as Staphylococcus aureus and Streptococcus spp
(194 mg/L and 89.3 mg/L), respectively.39 Whether any
of these discriminatory infection thresholds are suitable
for dogs with infections that have undergone THA
remains to be determined. Considering these results,
CRP or SAA may have use as a screening tool for PJIs in
dogs that have undergone THA as concentrations in dogs
with PJIs may deviate from the baselines established by
this study. However, use of CRP levels to identify a prob-
lem in an individual THA patient should be interpreted
cautiously, given the variability of CRP levels in this
group of uncomplicated cases.

Peak serum CRP concentrations of up to 120 mg/L
have been documented 2 days following uncomplicated
THA in humans, followed by a linear decrease to near
preoperative levels 7-21 days postoperatively.18,21 An
understanding of these natural CRP fluctuations in the
acute postoperative periods allow clinicians to detect
patients at risk of infection prior to relying on conven-
tional more invasive means of diagnosis such as arthro-
centesis or surgical biopsy.14–16 In the present study, CRP
concentrations remained within the reference ranges for
noninflammatory arthropathies as described above. The
sampling regimen implemented in this study was
unlikely to document the early rise of CRP or SAA levels
following THA due to surgical trauma; rather, the ratio-
nale for the timing of this study was to capture a reason-
able understanding of serum CRP and SAA levels during

FIGURE 1 Mean C-reactive protein (CRP) and serum amyloid

A (SAA) concentrations at preoperative (pre), 3 months

postoperative (3 months), and 6 months postoperative (6 months)

time points.
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periods where deep surgical site infection may be com-
monly encountered (ie, routine follow-up recheck
appointment following THA), and where normal postop-
erative elevations in CRP and SAA are expected to sub-
side.18,21 Outside the scope of this study, noninvasive,
early detection methods for PJIs in the acute postopera-
tive period may lead to earlier diagnosis, and may help
define criteria for debridement, antibiotics, and implant
retention (DAIR) as a reliable treatment option in dogs
with acute or subacute PJIs.40

At this time, CRP has not been reported to be a useful
biomarker for OA in dogs. However, in people, there is
growing evidence that serum CRP levels may be reliably
elevated in populations with OA.41 Even more intriguing is
the finding that serum CRP levels in people with OA may
be more closely associated with symptoms of OA, such as
pain and loss of physical function than radiographic
scores.41 Interestingly, in the present study, the comparison
across time points within individual dogs showed a down-
ward trend in CRP at 3 months when compared to preoper-
ative levels (Figure 2), although this change was not
statistically significant (P = .140). This decreasing trend was
consistent with findings from Martello et al. who showed a
significant reduction in the levels of CRP in dogs with OA
treated with a novel supplement,42 although dogs in that
study remained within the same ranges as normal dogs
reported previously.26 In human patients with inflamma-
tory conditions such as rheumatoid arthritis treated by
THA, CRP concentrations return to individual (generally
elevated) preoperative values following surgery.43 Addition-
ally, CRP concentrations are lower following medical treat-
ment for immune mediated polyarthritis and can be used
as a response to treatment marker in both humans and
dogs.44,45 Although hip dysplasia is not considered to be an
inflammatory condition, the possible drop in CRP levels fol-
lowing uncomplicated THA may reflect the decrease

inflammatory state in dogs with severe or clinical pathol-
ogy. This observation is further compounded by the fact
that all dogs were being treated with NSAIDs at the time of
surgery, and none was treated with NSAIDS by the
6-month time point, although it is unclear if NSAIDs affect
serum CRP concentrations in dogs.46–48 Further research
should investigate systemic inflammation assocaited with
hip dysplasia, as THA may play a role in decreasing the
inflammatory states affected dogs.

Diagnosis of PJIs of remains a major challenge in
human arthroplasty. In 2018, Parvizi et al published the
first validated, evidence-based criteria for diagnosing PJI
after hip and knee arthroplasty.16 Briefly, the diagnosis of
PJI can be made based on a cumulative score of major
criteria and minor criteria, which includes serum acute
phase proteins as the first line screening tool. Veterinary
joint replacement surgery lacks similar guideline algo-
rithm, with only limited publications for diagnosis and
treatment, which prompted the rationale for this study.2

A similar scoring system may improve the understanding
of PJI in veterinary medicine.

Limitations of this study include the small number of
dogs and the fact that no other arthroplasty or joint resurfa-
cing procedures other than THA were included. The fre-
quency of data collection was influenced by the potential
difficulties with owner compliance in adherence to a study
protocol when many hospital visits are required, thus the
timing of this study did not evaluate the presumed natural
rise and fall of CRP and SAA in the acute postoperative
period. Finally, our presumption that CRP or SAA will be
elevated in dogs with PJIs may not be valid, and therefore,
other diagnostics may be more reliable screening tools than
the acute phase proteins investigated here.

In conclusion, preoperative CRP levels for dogs
undergoing uncomplicated THA decreased from baseline
levels at 3 and 6 months following surgery. In the clinical
setting, CRP and SAA concentrations in dogs with PJIs
may deviate from the baselines established by this study.
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