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Abstract: The purpose of this study was to verify the efficacy of a Saphenous Nerve Block (SNB) in the
decrease of surgical stress induced by post-operative pain following surgical realignment of the medial patellar
luxation in dogs. All subjects were divided mnto 3 groups according to post-operative analgesic methods: a
group with SNB (Sr, n = 5), a group with the mtra-articular injection using bupivacaine (Ac, n= 5) and a control
group with SNB using saline (Ct, n = 5). Surgical stress from pain was assessed at variable times after surgery
using Heart Rate Variability (HRV), a Numerical Rating Scale (NRS) and measurement of blood glucose level.
No significant differences in HRV were found between the Sn and Ac groups while there were significant
differences between the Ac and control groups. However, the LF of the Sn group was significantly higher than
that of the Ct group at 30 min. The values of the NRS in the Ac and Sn groups decreased significantly more
than that of the Ct group. However, no statistical differences were found in the NRS between the Ac and Sn
groups. There were no statistical differences among the groups in terms of blood glucose levels. Some evidence
was found to suggest that SNB for pain reduction after realignment surgery of the medial patellar luxation in
dogs is an easy technique to acquire some analgesic effects. However, the single use of SNB for pain control
in realignment surgery of the medial patellar luxation is not recommended because of its weak analgesic effects.
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INTRODUCTION

Patellar luxation which is one of the most frequent
orthopedic diseases in dogs can result in the development
of degenerative joint disease, pain and lameness
(Birchard and Sherding, 1994; Fossum et al., 2002).
However, surgical stress from pain following surgical
realignment of the patellar luxation has been controlled
only by some methods such as analgesics. Surgical
realignment of the patellar luxation in dogs causes severe
post-operative pain Pain control methods such as
cryotherapy, electrical stimulation, patient-controlled
analgesia, regional anesthesia, preemptive analgesia and
intraarticular or peri-articular injections have been used
m orthopedic surgery performed on humean beings
(Rosen et al., 2010). Peripheral nerve blocks have been
used to avoid systemic side effects associated with
opicids and nonsteroidal anti-inflammatory diugs in a
lower incidence of secondary cardiovascular, respiratory
and gastrointestinal compromise (Rasmussen et al.,
2006a; Serpell et al., 1991).

Among the peripheral nerve blocks, SNB is a block of
the saphenous nerve innervating the medial thigh and
femoro-tibial joint, its capsule, femoro-tibial joint
intraarticular structures, the skin of the dorsomedial tarsus
and the 1st digit and proximal aspect of the second digit
of the pelvic limb (Rasmussen et al., 2006b; O’ Connor and
Woodbury, 1982; Haghighi et al., 1991). When the skin
and trochlear in the region of the innervated saphenous
nerve were operated on, 1t was presumed that the
post-operative pain would decrease i the SNB.
Therefore, the purpose of this study was to
determine the post-operative pain control effect of SNB
following the surgical realignment of the medial patellar
luxation and the degree of decrease in pain compared with
intra-articular injection from local anesthetics.

MATERIALS AND METHODS

Subjects: Fifteen small dogs weighing 9.740.3 kg with
medial patellar luxation (grade~IT) were used in this study.
The diagnosis of patellar luxation was based upon the
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grade classification of patella luxation during a physical
examination (Fossum ef al, 2002). The dogs that were
certified with grade III~IV were excluded from the
experiment. Tn a preoperative examination, results of the
physical examination, serum biochemistry analysis and
electrocardiographic  examination  were  normal.
Preoperative preparations were followed according to
routine procedure. The study was carried out in
accordance with the Guidelines for Animal Care and Use

Committee of Seojeong College, Korea.

Experimental design: The dogs were divided into
3 groups: the Sn (n = 5) group m which the saphenous
nerve of the leg operated on was blocked with
bupivacaine 1 mL (Bupivacaine® HCI 0.5%, Myungmoon
Pharm., Korea), the Ac (n = 5) group that were injected
with bupivacaine 1 ml. into an articular cavity of the leg
operated on and the Ct (n = 5 serving as a control) group
in which the saphenous nerve of the leg operated on was
blocked with 1 mL of normal saline.

The dogs were inducted with propofol 1% (Provive™,
Claris Lifesciences Limited India) and then mamtained
on 1soflurane (Terrell, Minrad Inc, USA) in 100% oxygen
after intubation. To stabilize the patella in the trochlea, a
trochlea wedge recession was performed. Following the
longitudinal cuts of the lateral skin on the trochlear
cartilage, the articular cartilage from the patellar groove
was cut to make a V-shaped outline. After removing this
bone and articular cartilage, the additional bones from
both the trochlear ridge sides were removed to deepen the
trochlea groove.

Then the trochlear segment was replaced in the
recess, the skin was closed and subcutis by the
interrupted suture completed (Birchard and Sherding,
1994). After the skin was sutured, a SNB (Sn and Ct) or
bupivacaine injection into the Articular cavity (Ac)
was performed. The SNB technique presented by
Rasmussen ef al. (2006a) was used m this experiment.
Before anesthetic recovery occurred, bupivacame 0.5%
2 mg kg™' was injected into the site located at the
crossing of 1/2 point of femur and the midpoint between
the pectineus muscle and the medial epicondyle of the
femoro-tibial joint.

The nerve blocks were performed by a veterinarian
with extensive experience of SNB. In the Ct, normal saline
was injected using the same method of Sn. The injections
between the patella and the trochlea groove were
performed in Ac. 0.5% Bupivacaine 2 mg kg~' was
injected into the space between the patella and the
trochlea cartilage before recovery from the anesthesia
occurred.

Surgical stress assessment method: HRV, NRS and
blood glucose were used for surgical stress assessment.
HRV raw data was obtained every 5 min at the baseline
(before anesthesia), 0O  (immediately  after the
post-anesthetic recovery), 30 min, 1,2,3,6,9,12, 24
and 48 h after post-anesthetic recovery by Polar S-810i
device (Polar Electro Co., Kempele, Fmland) and
transmitted to a computer for analysis.

This data was filtered to eliminate artifacts by Polar
Pro Tramer software (Polar Electro Co.). R-R signals were
analyzed into the time domain components and the
frequency domain components by HRV analysis software
v 1.1 (Biomedical Signal Analysis Group, Kuopio,
Finland). The components analyzed in the time domain
were Standard Deviation of Normal beats (SDNN), Root
Mean Square of the Differences between consecutive R-R
intervals (RMSSD) mean Heart Rate (HR) and Triangular
Interpolation of NN intervals (TINN). In the frequency
domain components Very Low Frequency (VLF), Low
Frequency (LF), High Frequency (HF) and the LF/HF ratio
were analyzed.

The NRS Method that was suggested by Hellyer and
James (1998) was performed by four observers at 1, 3, 6,
12, 24 and 48 h after the completion of surgery. They
observed the pain intensity in the dog that had been
operated on using 9 items consisting of comfort,
movement,
respiration rate, mental status, walking ability and

appearance, vocalization, heart rate,
palpation. A pain score from 0-4 was employed where
0 indicates no pain and 4 very severe pain. The blood
collected continuously from the catheter in the cephalic
vem at 0, 1, 3, 6, 12 and 24 h was analyzed for blood
glucose levels.

Statistical analysis: The data was analyzed with a
repeated measure ANOVA followed by a Duncan
post-hoc test. p<0.05 was considered significant.

RESULTS AND DISCUSSION

Fifteen small dogs with medial patellar luxation
classified as grade ~II participated in the study. Dogs
diagnosed with patellar luxation classified as grade III~-IV
were excluded because the saphenous mnervation was
out of surgical range. In the HRV, there were significant
differences in all parameters except the LF/HF ratio when
the post-operative values were compared with the values
of the baseline mn the Ct. The values of SDNN and HF
showed significant decreases at 0 and 30 min while the
values of the HR showed significant increase between
0 min and 1 h compared to the baseline. The values of
RMSSD, TINN and VLF showed significant decreases
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Table 1: The comparisons of heart rate variability following the surpical realignment of medial patellar luxation

Pararneters  Groups  Baseline 0 30min 1h 2h 3h §h 9h 12h 24h 48h
SDINI Ct 0.65+0.07 0.5040.05" 0.52+0.03" 0.51+0.07 0.55+0.08 0.58+0.11* 0.52+0.06 0.61+0.08 0.6140.08 0.65+0.120 0.6240. 4
5n 0.72+0.07 0.57+0.00" 0.51£0.03" 0.5850.02° 0.66+0.04 0. 670,044 0.6140.04 0.70+0.05 0.78+0.08 0.70+0.060 077406
Ac 075£0.05 0.58+0.09" 041002 0.51+0.03 0.77£0.09 0.80+0.07° 0.75+0.10 0.76£0.08 076010 0.86+0.130 0.89+0.07
HE Ct 963£0.100 126514400 1185493000 126 1+£14.90° 11871340 99.3+15.90 124.6£14.90  106.9+11.30 108741260 108702070 98.2047.2
Bn TE3£7400  1252+£3000° 121 448 000" 105 244 100° 93.7£7.400 92245800 10118500 89. 07 900 89.8+8300 89.80+8.900 80.70£7.5
Ac 82247200 116.9£20.50 149241000 121.8+£8.200 86.5+16.10 7969, 600 88.4+13.60 84.7+11.30 78441280 78.40£13.40 69.8045.9
RMESD Ct 2118456 758£2.08%™ 12302353 13 8845 03° 15.93+7.11 21.704£5.75 11.9643.54 19.35+6.37 189244 62 23.06+3.430 12.1242.57
Bn 37.96£6 22 4 78£1 44 12 244207 14 5841 937 208843 18" 21.94+3.34 159242 93" 24 56£6.06 3174£7.99  26.08£6.770 29624493
Ac 32904659 18.06+5.53° 8.26+1.74 12044174 31164656 36244679 3060971 33.4448.95 32524894 44.12+14.07 42244343
ER triangular Ct 0.08+0.00 0.04+0.01" 0.06£0017 0.06+0.017 0.07+£001 0.08£0.01 0.05+0.01° 0.07+0.01° 0.08+0.01 0.05+0.010 0.07+0.00
index 5n 0.13+0.01 0.03+0.00" 0.07+0.00 0.07+0.01° 0.08£0.00" 0.08+0.00° 0.07+0.00° 0.08+0.00° 0100.01°  0.10+0.010° 010000
Ac 0.11£0.00 0.05£0.01° 0.06£0 00" 0.07+0 00" 0.10£0.01 0.12+0.02 0.09+0.01 0. 09+0.00 0.08+0.01 0.11+0.010 0104001
TINN Gt 200042720 117.0424.50" 1470435607 1850441807 220.0£5800  266.0+50.80  1590+44.70° 181543570 224.0+44.70 242004680  211.0£27.4
Sn 354.0+44.10 122043170 183.013.80° 205 0£19.80° 227.0£17.70°  266.0+49.20 1910425200 239.0+£3550° 253.0432.10° 250.00435.9°  272.0431.8
Ac 314042370  1560£22.80° 163 (423307 192041520 293 045250 342 044750 282045860 284 0£3930 242043750 3260046020 31904422
LF Ct 5094+81.70 62025300 792422 80" 1610:4870°  202.8+8500° 272047160 138648070 130.7+14.60° 284841006 348401225  223.6+367
Bn 664.2+1354 16 8£11.60° 1802427 50" 2052450107 218443880 323 6461.90° 2076454 30" 3092+£7340" 436041277 380001182 47064917
Ao 5616+£1448 1334253100 126 243560°° 174 0433 80 334447710 6052+1646 46544905 80° 4383+131.3 453241207 8400042637 579641103
HF Ct 153.6£14.90 14 68 600" 18,845,800 28.8£12.20" 55384030 47,2422 40 20.8+11.60 56.4+27.50 43741460 884045280 40.0+£10.0
Sn 143.2+41.30 200 800" 28 06 4007 282454007 43045600 54 2+10.10* 29245700 71.4£23.00 13187400 842044310 97.0£25.5
Ac 130.8+41.10 34.0+15.30 14.6£3.200 20243800 112043240 173.8:44.60° 100043140 17067670 136645180 2114061015  233.0%1252
LF/HF ratioc  Ct 5924048 7.44£2 14 447074 6.87+1.25 7.28+1.70 821£2.03 5.66+1.25 4 .07£0.91 6.41+0.22 5.42+1.320 6.01+0.48
5n 528+£0.72 572+2.13 8.96+3.69 7154044 5.35+1.08 6.37+1.43 6.77+0.57 5.00+0.66 5.56+1.43 7.28£2.010 573+1.21
Ac 5.68+£1.57 4.78£1.06 10.29+242 9.67+1.84 4.02+£1.09 4 1620.87 5.7541.02 3.5940.63 4.42+1.24 7. 2782700 4.2241.20

SDII: Square root of variance of all R-F. intervals, HE: Heart Rate; RMISD: Root Mean Square of Successive Differences of R-R intervals; RR triangular index: Normal beat to normal beat
triangular index; TINN: Triangular Interpolation of NN intervals, LF: Low Frequency, HF: High Frequency; LF/HF ratio: Low Frequency/High Frequency ratio, Sn: Group Saphenous nerve
block, Ac: Group intraarticular injection using bupivacame, Ct: Croup control; “Means with different letters are statistically different among groups (p<0.03), ‘Significantly different from baseline

values (p=0.05)

between O and 1 h and the RRTRI and LF showed
significant decreases between 0 and 2 h compared with
the baseline. In the Sn, there were sigmficant differences
mn all parameters except for the LF/HF ratio; the values of
SDNN, RMSSD, PNN50 and HF significantly decreased
between 0 min, 1 and 6 h compared with the baseline
(Table 1).

The wvalues of RRTRI, VLF and LF significantly
decreased over all time intervals except that of 48 h
compared with the baseline. The values of TINN
significantly decreased in all time mtervals except that of
3 and 48 h compared with the baseline. The Ac showed
insignificant differences in RMSSD, VLF, LF, HF and
LEF/HF compared with the baseline with the exception that
there were significant decreases the value of SDNN
at 30 min m the value of RRTRI between 0 and 1 h and in
the value of TINN between 0 and 30 min compared with
the baseline.

The value of HR sigmficantly increased at 30 min
compared with the baseline. In comparisons of HRV
parameters among groups, the SDNN of the Ac group
was higher than that of the Ctgroup at 3 h and the HR
of the Ac group was higher than that of the Ct group
at 30 min There were no significant differences in
RMSSD, RRTRI, TINN, VLF and LF/HF ratios among the
groups. The LF of the Sn group was significantly higher
than that of the Ct group at 30 min and in the Ac group it
was sigmficantly higher than that of the Sn and the
Ct groups at 6 and 9 h. The HF was significantly higher
in the Ac group than in the Ct and Sn groups
at 3 h. Regarding the blood glucose level, the blood
glucose of the Sn group significantly decreased compared

47 @ Control group
O Sn group
B Ac group
3_
*
*
%)
2 21 :

Time (h)

Fig. 1. The Numeric Rating Scale (NRS) score among
groups: there were sigmficant differences m the Sn
group and the Ac group compared with the Ct
group between 1-24 h (*p<0.05); Ct: Control; Sn:
Saphenous nerve block; Ac: Intraarticular injection
using bupivacaine; Time: Hour after surgery end

to that of the Ac group at 1 h. There were no significant
differences in the other times among the groups. The NRS
showed that the value of the Ct group more sigmficantly
increased than that of the Ac and the Sn groups between
1 and 24 h. The value at 48 h decreased in the Ac group
compared with the Ct group but there were no statistical
differences (Fig. 1).
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The saphenous nerve arises in the femoral nerve ina
femoral triangle and descends through it on the lateral
side of the femoral vessels to enter the adductor canal. Tt
lies on the medial side m front of the lower end of the
adductor magnus muscle and then continues its descent
on the medial side of the knee. The saphenous nerve
supplies the skin over the medial side and front of the
knee and patellar ligament (Rasmussen et al., 2006a, b).
This study was performed to verify the hypothesis that
the blockade of the saphenous nerve distributed on the
medial knee joint could decrease the post-operative pain
following the patellar realignment surgery of the medial
patellar luxation. Consequently, this study showed a
climcal advantage in that the SNB contamed some
effective methods for post-operative pain decrease
following realignment surgery of the medial patellar
luxation. To verify the hypothesis in this study, HRV,
NRS and blood glucose were measured in assessing the
effects of pam control. HRV 13 used for measurement of
autonomic nervous functions that generally can be altered
by pain. HRV 1s divided mto a tune domain and a
frequency domain. In the time domain, SDNN and
RMSSD reflect the complexity and safety of the heart and
SDNN also is decreased by acute stress such as pain
(Camm et al., 1996).

Both parameters did not show statistical differences
between the Ct and Sn groups. However, the Ac group
showed statistical differences at 3 h compared with
the Ct group. The values of the Sn group at 3 h were
between the Ct and Ac groups. These results showed that
SNB has a small effect on the safety and complexity of the
heart and is less effect than the intra-articular injection
using bupivacaine. The RR triangular index and tinn are
based on the geometric and/or graphic properties of the
resulting pattern which are more influenced by the lower
than by the higher frequencies (Camm et af, 1996;
Malil et al., 1989). Both parameters showed statistical
mdifferences among groups.

However, the Sn group showed a statistically longer
action time than the other group compared with each
baseline. Because the RR triangular mdex and tinn
indicate the activity of sympathetic nerves these results
showed that SNB could decrease the activity of
sympathetic nerves induced by post-operative pain over
a longer period of time. In the frequency domain, the
LF components are considered markers of sympathetic
and parasympathetic nerve activities and are decreased
by fatigue (Camm et al, 1996, Saul etal, 1988). The
HF component is a marker of
parasympathetic nerve activity and the LF/HF ratio is

considered as

considered to be an index of sympathetic nerve activity
(Matsubara et al., 2011). The results showed that all
parameters 1n the Sn group, except for the LF/HF ratio,
were significantly altered while there were no significantly
changes mn all the parameters in the Ac. The LF
component of the Sn group was sigmificantly higher than
that of the Ct group at 30 min and the Ac group was
significantly higher than that of the Sn and Ct groups at
6 and 9 h

The HF component was significantly higher in the Ac
group than in the Ct and Sn groups. These results show
that intraarticular injection using bupivacaine suppress
maimnly sympathetic nerves but SNB suppresses both
sympathetic nerves and parasympathetic nerves.

The values of the LE/HF ratio compared among the
groups showed no sigmificant difference but that of the
Sn group was in between that of the Ac and Ct groups.
This result can be explamned by the local anesthetic time
and the nerve block time. Autonomic nerves can be
altered not only in post-operative pain but also in various
factors such as the mental load and environmental
conditions. Researchers think that the LF/HF ratio value
of the Sn group decreased more than that of the Ct at
2 h. After 3 h, the change in autonomic nerves through
pain following the adaptation of the post-operative
conditions such as fear and an unfamiliar environment can
be measured. After 3 h because the effect of SNB or
intraarticular injection using bupivacame disappears, the
values of LF/HF ratio are similar to each other.

The methods for the evaluation of post-operative
pain in veterinary medicine assess the mobility and the
pain area, Biodynamic, Hematological and Objective
Observation Method (Choi et al., 2004). The Objective
Observation Methods from among these are the Visual
Analogue  Scale (Muwrin  and Rosen, 1985;
Dobromylskyj et «al., 2000), Simple Descriptive Scale
(Dobromylski) et al., 2000, Gaynor and Muir, 2002),
Multifactorial Scale (Dobromylskij et al, 2000) and
Numeric Rating Scale (Hellyer and James, 1998). In the
NRS, the Objective Observation Method evaluates the
degree of pain consisting of 9 items scored from 0-~3. The
NRS in this study was undertaken by 4 persons in order
to gamm objective results and the scores were calculated
with the average values between 0 and 3.

The NRS value of the Ct group was statistically
higher than that of the of Sn and Ac groups while there
were no statistical difference between the Sn and Ac
groups. The values for the Sn and Ac groups at 6 h
increased more than at 3 h. These results were thought to
oceur because the pain was increased through a decrease
in the effects of SNB and the intra-articular injection using
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Fig. 2: The graph showing the changes of blood glucose
level among groups: there were significant
differences between the Ac group and Sn
group 1 h (*p<0.05). After 6 h, the blood glucose
levels of the Ac and the Sn group decreased more
than that of the Sn group but there were not
significant differences between 6 and 24 h; Ct
Control, Sn: Saphenous nerve block; Ac:
Intraarticular injection using bupivacaine;, 0O
Before surgery, Time: Hour after surgery end

bupivacaine. The hyperglycemic response is an important
feature of surgical stress in cases such as surgical trauma
and post-operative pain (Traynor and Hall, 1981). Because
this hyperglycemic response is induced by the increases
of catecholamine and cortisol and by the decrease of
insulin secretion, the measurement of the blood glucose
indicate indirectly the degree of the pain from surgery
(Haxholdt et al., 1981).

The blood glucose values showed that the values of
the Sn and Ac groups were only increased between 1 and
4 h compared with preoperative values whilst the value of
Ct group increased the entire time compared with the
preoperative values (Fig. 2). These results correspond to
the Downing et al. (1986) report that peak cortisol
concentration is reached at 1~4 h after surgery and the
Lush et al. (1972) and Longnecker and Murphy (1997)
report that the blood glucose level after surgery was
significantly increased compared with the blood glucose
level before surgery.

Researchers could not explain the result mn this study
that the blood glucose level at 1 h significantly increased
in the Ac group compared with the Sn group.
However, Madsen et al. (1977) and Rutberg er al
(1984) report that sufficient analgesic administration
prevents the increases of serum cortisol and blood
glucose. Researchers think that the bloed glucose at 1 h
was increased because intraarticular injection using
bupivacaine decreased post-operative pain but did not
mhibited sufficiently the adrenocortical response after the

surgery.

CONCLUSION

SNB offers some analgesic effects on pain control
after surgical realignment of medial patellar luxation in
dogs. However, because its effect is weak, single use of
SNB for pain reduction for surgical realignment of medial
patellar luxation in dogs 1s not recommended.
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