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Abstract

Objective: Evaluate the effects of the steroidal sexual hormone estrogen upon sex-related differences in pain perception within a scenario of perioperative orthopedics
surgery, using the dog as an animal model.

Materials and methods: A sample of 60 dogs (n=60) of both genders divided by three groups each with 20 individuals: neutered females (NF), non-neutered females
(NNF), and males (ML) was used. These animals were regular hospital patients submitted to orthopaedic surgery (OTS), and were evaluated for their pain level
using the Melbourne Pain Scale (MPS). The patients’ pain level was evaluated over 3 peri-operative time points: M0 (immediately before surgery), M1 (24 hours
after surgery) and M2 (8 days after surgery).

Results: Patients experienced lower pain levels across the time points, and this reduction was statistically significant between MOM1, M1M2 and MOM?2, for the
groups NF, NNF and ML (p<0.001 for all). Statistically significant differences in the final pain scores assessed with the MPS were found only between pair-wise NF/
ML at MO (p=0.016) and M1 (p=0.042). Correlations between NNF and ML were strong at MO0 (rho=0.81), M1 (rho=0.64), and M2 (rho=0.79).

Conclusions: The NF group can be representative of women with low estrogens concentration. The MPS used to rate pain levels was useful in identifying and grading
the NF, NNF and ML groups’ pain in patients during the peri-operative period, with males always presenting lower values than females. It is possible to conclude that
steroid hormones, such as estrogens, influence sex-related differences in pain perception between females and males, with statistically significant differences registered

between the NF and ML groups. Therefore, analgesic protocols developed by clinicians should always consider the gender and gonadal status of the patients.

Introduction

Since 2001, pain has been considered the fifth vital sign, which has
led to research in different fields attempting to clarify pain’s associated
pathophysiological mechanisms [1-3]. Pain is a dynamic phenomenon
influenced by several factors, including excitatory and inhibitory
regulatory mechanisms, which have important consequences on
individuals’ responses to analgesics [4-6]. Several clinical studies carried
outin different species such humans, dogs, and rodents have shown that
gender influences pain stimulus modulation and pain perception, with
substantial differences in pain perception between males and females
[6-9]. In humans, women have lower pain thresholds than men, and
women experience higher pain perception than men. These differences
can be explained by various biological factors, such as the steroidal
action of sexual hormones, which forms one of the main mechanisms
that modulates variations in pain perception between genders [6,10-
14]. In the nervous system, steroid hormones, such as estrogen,
induce many effects including modulation of neurotransmitters in the
brain, spinal cord and peripheral nerves, alteration of the excitability
of specific regions of the brain, and influence available receptors for
themselves and other ligands, such as opiates and serotonin, which
are expressed in various parts of the nociceptive pathway [15-19].
These effects could impact pain perception. An individual’s inability
to communicate pain does not mean that an individual cannot
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experience pain, thus requiring pain therapy [14]. Pain is a transversal
issue that requires study under a zooubiquity scenario in both animal
and human patients, since the inability to verbally express pain is not
exclusive to animals but also applies to human infants, nonverbal,
comatose, and cognitively impaired patients [20-23]. In veterinary
medicine, patients express pain in different ways. The difficulty of
assessing and quantifying pain is an important topic associated with
species, age and breed-related differences, and the subjectivity and
variability related to pain scales may result in the failure or success of
determining patients” therapeutic levels [24-27]. The development of
multidimensional, or composite, pain scales considering physiological
and behaviour characteristics and variations, such as the Melbourne
Pain Scale (MPS), was significant, due to its ability to evaluate dogs’
pain in a multi-dimensional fashion [28,29]. The Melbourne Pain Scale
(MPS) delivers one example. MPS is based on the assessment of six
categories, which includes objective physiological measurements, such
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as heart and respiratory rates, response to intervened tissues palpation,
activity, posture, mental status and vocalization [30,31]. By translating
a subjective assessment of pain into an objective score with recognized
clinical relevance, it is possible to obtain useful, reliable, nonbiased, and
repeatable data, reducing the variability between clinicians [32]. This
study evaluated the effects of the steroidal sexual hormone estrogen
upon sex-related differences in pain perception within a scenario of
perioperative orthopedics surgery, using the dog as an animal model.

Materials and methods

The study used a sample of 60 dogs (n=60) of both genders divided
by three groups each with 20 individuals: neutered females (NF), non-
neutered females (NNF), and males (ML). These animals were regular
hospital patients, that underwent orthopaedic surgery (OTS) to correct
the presence of fractures, and at no time were these animals used as
experimental animals. The owners of the patients signed a consent
form for participation. The patients’ pain level was evaluated using
the Melbourne Pain Scale (MPS) over 3 peri-operative time points:
MO (immediately before surgery), M1 (24 hours after surgery) and
M2 (8 days after surgery). MPS allow us to evaluating physiological
and behavioural parameters for each patient; scoring from 0 to 27.
Patients’ pain score were always evaluated by the same two researchers,
and in order to not influence the results, the observers were blind to
information regarding the gender and gonadal status of the animal and
the type of osteosynthesis each patient undergone. At the end, the mean
of obtained values for final pain score of each patient was used to the
statistical analysis. By assuming that individuals vary in their experience
and expression of pain, and considering that different breeds typically
present different responses to pain—where small breeds are generally
more reactive than large breeds [33], and some breeds tend to be more
stoic than others (for example, Poodle versus Rottweiler) [32,34]. We
evenly distributed the different breeds between the females and males,
to achieve more uniform results when we looked at pain level versus
gender. All patients were submitted to continuous intravenous (IV)
administration of physiological saline (5 ml kg hour), and to the same
anaesthesia and analgesia protocols, which consisted in carprofen (4 mg
kg'); diazepam (0.1 mg kg'); metadone (0. 5 mg kg!) prior to surgery.
Also a patch of fentanilo was used for each patient prior to surgery.
Anaesthesia was induced with propofol 1% (4-6 mgkg™) and maintained
with isoflurane. Patients presenting high scores of pain immediately
after surgery were submitted to a rescue protocol with buprenorphine
(0.02 mg kg') in order to achieve a comfort state. Buprenorphine is a
synthetic opiate, used for the management of moderate pain, rapidly
absorbed after injection and the effects are usually felt within 15 to 30
minutes, lasting about 6 hours [35]. Considering that rescue protocol
could have affected the pain evaluation, we decided to consider the time
point M1 as 24 hours after surgery, to ensure that the patients were
no longer under bupernorphine action and use this data for statistical
analysis. During the post-operative period the following drugs were
used: cefixime (10 mg Kg*) BID, carprofen (4 mg kg') SID. In order
to reduce bias variations and to standardize the results, the following
inclusion criteria were used for all patients in the study: ages between 3
and 7 years old, and each patient presented only one long bone fracture
which was corrected with the use of dynamic compression plates (DCP)
and screws. All surgeries were performed by the same surgeon. For
statistical analysis, we used SPSS software version 11.1. The two-tailed
t-test was performed. The nonparametric tests, Spearman correlation
coeflicient was used to evaluate the correlation between variables, and
the Mann-Whitney test was used to analyze the medians variance in
the sample. The results were considered statistically significant at a p
value <0.05.
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Results

The sample’s age, body weight, breeds, type and duration of
surgical procedure, and MPS scores (M0, M1, M2) are listed in Table
1. Average values obtained for pain levels with MPS in neutered
females were 11.65 + 4.46 in MO, 4.06 + 2.10 in M1 and 1.41 + 1.04
in M2; in non-neutered females were 9.51 + 3.59 in MO0, 3.44 + 1.52
in M1 and 1.00 + 0.75 in M2; and in males were 8.89 + 3.56 in MO,
2.93 + 1.16 in M1 and 0.89 + 0.72 in M2. The two-tailed test showed
that patients experienced lower pain levels across the time points, and
this reduction was statistically significant between MOM1, M1M2 and
MOM2, for the three considered groups NF, NNF and ML (p<0.001
for all). Statistically significant differences in the final pain scores
assessed with the MPS were found only between pair-wise NF/ML at
MO (p=0.016) and M1 (p=0.042). The Spearman coeflicient test showed
low correlations between NF and NNF at MO (rho= -0.17), M1 (rho=-
0.07), and M2 (rho=0.14). The same was registered between NF and
ML at MO (rho=-0.03), M1 (rho=-0.04), and M2 (rho=0.18). Contrary,
correlations between NNF and ML were strong at M0 (rho=0.81), M1
(rho=0.64), and M2 (rho=0.79).

Discussion

The aim of the study was to evaluate the influence of the steroidal
hormone estrogen in modulating sex-related differences in pain
perception within a scenario of perioperative orthopedics surgery,
using the dog as an animal model. Individuals of both genders (females
and males) were similar regarding age, body weight, breed and surgery
parameters. Surgery type and duration presented a very similar
distribution between both genders, without statistically significant
differences between females and males (p=0.857).

Identical nociceptive stimuli, applied under similar environmental
conditions, promoted a highly-variable pain response across
individuals, since pain is more than an objectively quantifiable
physiological response: it is an experience [28]. Methods for assessing
pain—perception or intensity—in animals is challenging, and still
remains subjective due to its observational nature; therefore, it
presented some limitations [28,30,33,36,37]. Subjective evaluation
through observation and animal variation behaviors are commonly
used for pain assessment, making difficult to obtain reliable, repeatable,
useful, and nonbiased data [36-41]. Ideally, a subjective scoring scale
correlates to objective measurements with a well-established clinical
relevance [32]. In an effort to provide reliable pain evaluation scales,
several pain scales have been developed, integrating behavioral and
physiological observations that can be scored. Differences between
pre- and post-operative physiological values were presumed to be
indicators of patient pain intensity [42]. However, variations in these
physiological data have not yet been established as true pain severity
indicators in animals [43-47]. Pre-emptive pain surgical rating is
important before conducting surgical procedures, to allow surgeons to
develop analgesic protocols suitable to each patient’s clinical condition
and to ensure comfort for the patient by controlling the expected pain
level resulting from the surgery [29].

Another factor to consider is an individual’s response to opioid
analgesics, which appears to vary with the patient’s gender. Some
studies concluded that different responses to opioid analgesics between
genders are modulated mainly by G-protein [7,48]. The endogenous
p-opioid neurotransmitters are related to stress and pain suppression.
In animals, opioids tend to demonstrate more effective action in
males than in females [49-51]. This is in line with the results of this
study, where although all patients underwent the same post-operative,
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Table 1. Characterisation of the sample according to age, body weight, breed and type of surgical procedure. Also the final scores using the MPS at M0, M1 and M2.

Parameter N Mean SD N
Total 60 5.12 1.46
Age (vears) NF 20 5.28 1.47
NNF 20 5.20 1.52
ML 20 4.93 1.49
Total 20 12.54 3.92
NF 20 12.07 4.11
Weight (Kg) NNF 20 12.48 3.90
ML 20 13.13 3.75
Total 60 63.24 22.24
NF 20 62.37 21.94
Surgery duration (minutes)
NNF 20 64.02 20.89
ML 20 64.30 23.23
Breed Sample Females Males
Crossbreed 35 17 18
Poodle 8 3 5
Boxer 6 3 3
Rottweiller 3 2 1
Pit-bull 4 1 3
French Bulldogue 4 2 2
Surgical procedure Sample Neutered Females (NF) Non'Ne‘t:ﬁ;)Females Males (ML)
Diaphyseal fracture of the femur 23 6 4 13
Proximal epiphyseal fracture of the femur 5 1 1 3
Distal epiphyseal fracture of the femur 8 3 2 3
Diaphyseal fracture of the tibia 9 2 2 5
Proximal epiphyseal fracture of the tibia 4 1 1 2
Distal epiphyseal fracture of the tibia 5 1 1 3
Diaphyseal fracture of the humerus 4 1 2 1
Proximal epiphyseal fracture of the humerus 2 0 1 1
MPS Score
Neutered Females (NF) Non-Neutered Females (NNF) Males (ML)
MO0 M1 M2 MO0 M1 M2 Mo M1 M2
f 11.65 4.06 1.41 9.51 3.44 1.0 8.89 2.93 0.89
SD 4.06 2.10 1.04 3.59 1.52 0.75 3.56 1.16 0.72
min 5.0 1.0 0.0 3.0 1.0 0.0 3.0 1.0 0.0
max 19.0 9.0 6.0 18.0 7.0 2.0 18.0 5.0 2.0

Sample (N): Standart deviation (SD);Kilogram (Kg); Mean ( X ); Melbourne pain scale (MPS); Moment immediately after surgery (M0); Moment 24 hours after surgery (M1), Moment 8

days after surgery (M2); Orthopedics surgery OSTS

multimodal analgesic protocol that proved to be suitable for nearly all
the patients submitted to surgery, the overall response in males was
better than in females. Therefore, females provided a lower score over
the post-surgery time points considered in the study. In addition, the
number of females (7) submitted to the rescue analgesic protocol with
buprenorphine, to achieve a comfortable state, was higher than the
number of males (4). Females represented 63% of the group where the
rescue analgesic protocol was used. Among the female patients, five
were NF and only two were NNF. Previous studies on the nociceptive
pain and inflammatory model assessed differences in the perception
of pain between genders [12]. In humans, studies suggest that women
have lower pain thresholds than men: therefore women have higher
perceptions of pain than males, which can be explained by the steroidal
action of sexual hormones, such as estrogen [6,10-13,24].

Many of the central regions involved in pain and analgesia,
specifically the periaqueductal grey, bone marrow, and dorsal root
ganglia, contain receptors for estrogens, and can synthesise them
locally, particularly in the hippocampus by using endogenous
cholesterol [18,55-59]. By binding to specific receptors in tissues,
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sexual hormones initiate, terminate, or amplify a transcription signal,
affecting the transcriptional events that influence the expression of
various neurotransmitters and receptors, which are then translated
into a functional clinical significance [52,53,60]. Sexual hormones
act as neuroactive steroids, affecting the nervous system dynamics
and brain functions via neurotransmission modulation [61,62], by
controlling neuronal excitability through specific interactions with
neurotransmitter receptors (genomic action) and ion channels (non-
genomic action) [8,63,64]. Glutamate, y-Aminobutyric acid (GABA),
and acetylcholine (ACh) are first-generation neuromessengers, which
are stored in pre-synaptic vesicles and can be quickly released. In
contrast, the neuroactive steroids—produced in the mitochondrias
and microsomes of neurons and glial cells—are slowly released via
passive diffusion [56]. Changes in serum estrogen concentrations are
accompanied by changes in a variety of other neurotransmitters, such
as serotonin, ACh, dopamine, and P-endorphins. Their reduction
accompanies decreases in serum estrogen concentrations [54,65]. Since
estrogen has significant anti-nociceptive actions, lower estrogen levels
are associated with increased pain and with impairment of descending
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Table 2. Correlation between neutered females (NF), Non-neutered females (NNF) and males (ML) for the Melbourne Pain Scale (MPS) score at time points M0, M1, and M2. Comparation

of the mean between both genders.

?il:en;:ie:t/ N Comparation pairs

Surgery duration 40 ML vs. NF
40 ML vs. NNF

Mo NF vs. NNF

M 40 NF vs. NNF

M2 NF vs. NNF

Mo ML vs. NF

M1 40 ML vs. NF

M2 ML vs. NF

Mo ML vs. NNF

M1 40 ML vs. NNF

M2 ML vs. NNF

Two-tailed test Mann-Whitney test

Spearman (rho)

p-value p-value
-0.36 0.221 0.857
-0.31 0.187 0.813
-0.17 0.351 0.06
-0.07 0.715 0.327
0.14 0.441 0.438
-0.03 0.841 0.016*
-0.04 0.820 0.042*
0.186 0.298 0.219
0.816 <0.01 0.502
0.649 <0.01 0.222
0.790 <0.01 0.603

Sample (N); Moment 48 hours ater surgery (M2); Moment 24 hours ater surgery (M1); Moment 8 days after surgery (M2). ML (males); NF (Neutered Females); NNF (Non-neutered

females). * statistically significant
pain inhibitory pathways [18,19,43].

By using a NF group in our study, we can evaluate what is
happening in women with low estrogens concentration, as occurring
in hysterectomy or with the onset of menopause, and try to understand
if estrogen levels played a major role in differences of pain perception,
by comparing the final MPS scores in the NF and NNF groups with
the ML group. NFs presented lower estrogens levels than NNFs;
thus, we expected that differences in pain perception would be more
marked between the NF/ML pair-group, than in the NNF/ML pair-
group. According to the results, the evolution of pain experienced by
patients, evaluated at the three times considered, showed the same
trend for all three groups (NF, NNF, ML), suggesting that post-surgery
pain levels decreased consistently over time. According to the results,
females showed higher final pain scores using the MPS at all time
points (M0, M1, M2), than did males. At the end of the study (M2),
the average scores obtained were 1.41 for the NF group, 1.00 for the
NNF group, and 0.89 for the ML group, which demonstrated overall
good pain control, considering that the maximum MPS score is 27. No
significant differences for the final pain score were registered between
the NF and NNF groups (p=0.06). Nevertheless, this p-value is very
close to a significant result of p<0.05, suggesting that a larger sample
size might have achieved a significant difference between these groups.
Statistically significant differences in pain level scores were registered
between the NF and ML groups at M0 (p=0.016), and at M1 (p=0.042),
with greatly improved patients’ comfort occurring within the first 24
hours after surgery. Comparisons between the NNF and ML groups
presented no statistically significant differences at any time point (MO,
M1, M2).

Conclusion

Human and animals pain perception is influenced by several
biological variables. The MPS used to rate pain levels was useful in
identifying and grading the NF, NNF and ML groups’ pain in patients
during the peri-operative period, with males always presenting lower
values than females. It is possible to conclude that steroid hormones,
such as estrogens, influence sex-related differences in pain perception
between females and males, with statistically significant differences
registered between the NF and ML groups. Therefore, analgesic
protocols developed by clinicians should always consider the gender
and gonadal status of the patients.
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