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Abstract
Objective: To determine the influence of postoperative extracorporeal shock wave
therapy (ESWT) on hind limb use after tibial plateau leveling osteotomy (TPLO).
Study design: Randomized, prospective clinical trial.
Animals: Sixteen client-owned dogs, 2 to 10 years old weighing 18 to 75 kg.
Methods: Dogs were randomly assigned to treatment cohorts, TPLO with ESWT
(ESWT, n = 9) or TPLO without ESWT (control, n = 7). Treatment consisted of
1000 pulses at 0.15 mJ/mm2 immediately and 2 weeks after surgery. Subjective
pain, stifle goniometry, stifle circumference, peak vertical force (PVF) and vertical
impulse (VI) were measured before surgery, prior to ESWT, and 2 and 8 weeks
after surgery. Measures were compared between treatments at each time point and
among time points for each treatment (P < .05).
Results: The PVF (5.5 ± 1.0 N/kg, mean ± SD) and VI (0.67 ± 0.14 N-s/kg) of
surgically treated limbs in the ESWT cohort were higher 8 weeks after surgery
compared with preoperative (3.8 ± 1.1 N/kg, P < .0001 and 0.47 ± 0.21 N-s/kg,
P = .0012, respectively) values. In the control cohort, PVF (2.9 ± 1.3 N/kg,
P = .0001) and VI (0.33 ± 0.20 N-s/kg, P = .0003) 2 weeks after surgery and VI
(0.42 ± 0.2 N-s/kg, P = .0012) 8 weeks after surgery were lower (4.59
± 2.33 N/kg and 0.592 ± 0.35 N-s/kg, respectively) than before surgery. Other
parameters did not differ between groups.
Conclusion: Weight bearing increased faster after TPLO in dogs treated with
postoperative ESWT.
Clinical significance: This study provides evidence to consider adjunct ESWT
after TPLO.

1 | INTRODUCTION
The content of this study was presented at the annual conference of the
American College of Veterinary Surgeons; October 24-27, 2018; Phoenix,
Arizona.

Veterinary Surgery. 2019;1–9.
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Cranial cruciate ligament (CrCL) rupture is the most common
orthopedic condition requiring surgical treatment in dogs.1
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The tibial plateau leveling osteotomy (TPLO) is among
the most frequent surgeries performed to stabilize canine
CrCL deficient stifles.2,3 As with most stifle stabilization
surgeries, recovery is between 8 and 12 weeks, and pain
management may consist of nonsteroidal anti-inflammatory
drugs (NSAID) and opioids.4,5 Complications of asymmetrical gait associated with postoperative pain include
decreased stifle joint range of motion, muscle atrophy,
and increased loading of other limbs.6-9 Use of NSAID to
control postoperative pain can be limited by potential
side effects and patient comorbidities.10,11 Controlled
drug regulations complicate opioid availability and
administration, and the efficacy of oral administration in
dogs has recently been questioned.4,12 A mechanism to
enhance standard pain management strategies and reduce
postoperative discomfort may help restore normal gait,
reduce postoperative complications, and improve patient
outcomes.
Extracorporeal shock wave therapy (ESWT) is a therapeutic modality in which high pressure and velocity acoustic
waves are applied to tissues to accelerate healing and/or
reduce pain and inflammation.13-17 Various mechanisms of
action, including upregulation of cytokines, increased vascular density of treated tissues, and altered nerve conduction,
have been reported.18-20 Published information suggests that
ESWT may improve limb use in dogs with chronic osteoarthritis (OA) pain. Dogs with stifle OA that were treated with
ESWT did not show the same increase in lameness or
decrease in stifle joint range of motion as control (untreated)
dogs.21 In addition, ESWT subjectively reduced shoulder
pain due to various orthopedic pathologies in 64% to 85% of
treated dogs.22,23
Based on published evidence that ESWT may alleviate
musculoskeletal pain, this study was performed to quantitate
the effects of ESWT in conjunction with standard pain management on limb function after elective canine TPLO. The
tested hypothesis was that dogs treated with postoperative
ESWT in addition to standard pain management would have
greater hind limb ground reaction forces, greater stifle joint
range of motion, and lower subjective pain scores in the surgically treated limb after TPLO compared with those that
received only standard pain management.

2 | MATERIALS AND METHODS
2.1 | Study design
The study was a randomized, controlled clinical trial
approved by the Louisiana State University Institutional
Animal Care and Use Committee prior to study initiation.
Dogs evaluated for CrCL insufficiency during the study
recruitment period that met inclusion criteria were invited to

participate. Complete physical and orthopedic examinations
were performed by a board-certified surgeon in all dogs to
confirm the presence of CrCL insufficiency. Owner education about TPLO and ESWT was presented, and consent for
surgery, data collection, presentation, and publication were
obtained prior to enrollment. Inclusion criteria were (a) body
weight ≥ 18 kg; (b) radiographic evidence of closure of
proximal tibial physes; (c) body condition score ≤4 of 5;
(d) no evidence of lameness in other three limbs; and (e) no,
minimal, or moderate radiographically evident degenerative
joint disease in the affected stifle. Enrolled dogs were randomly assigned to one of two treatment groups, TPLO with
ESWT (ESWT) or TPLO without ESWT (control) by using
a random number generator in Excel (Microsoft, Redmond,
Washington).
Caudocranial and lateral radiographs of the affected
stifle in full extension and flexed 90 were performed
(EDR 6; Sound-Eklin, Carlsbad, California) with dogs
heavily sedated (0.2 mg/kg butorphanol and 2.5-5 mcg/kg
dexmedetomidine, both intravenously [IV]). Radiographic
evidence of OA was scored by a board-certified radiologist
preoperatively as none, mild (periarticular osteophytes),
moderate (periarticular osteophytes, bone sclerosis), or
severe (periarticular and intra-articular osteophytes, bone
sclerosis, subchondral bone lysis).24 Only dogs with no,
mild, or moderate OA were enrolled in the study. Dogs
were sedated in a similar manner to obtain the same radiographic views 8 weeks postoperatively. Radiographic evidence of healing of the osteotomy at 8 weeks was scored
by a board-certified radiologist according to a previously
published scale.25 Complications throughout the study
period were classified as either major (requiring surgical
intervention) or minor.

2.2 | Outcome measures
Subjective pain was quantitated with the Glasgow Composite Pain Score short form before and 24 hours, 2 weeks,
and 8 weeks after surgery by a trained member of the small
animal surgery service unaware of treatment. Directly after
surgery, stifle range of motion and circumference were measured three times each with the dog in lateral recumbence on
the unaffected limb. Joint angles with the joint in full extension and flexion were measured by placing the center of the
goniometer at the center of the stifle joint with one arm over
the long axis of the femur and the other over the tibial long
axis as previously described.26 Stifle circumference was
measured at the level of the distal patella with the stifle
in full extension by using a Gulick II tape measure
(Performance Health, Warrenville, Illinois).27
Kinetic analysis was performed before and 2 and 8 weeks
after surgery by using a force platform embedded in a 40-m
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runway (force plate model No. OR6-WP-1000; Advanced
Medical Technology, Newtown, Massachusetts). Data logging (100 Hz; Acquire V7.3; Sharon Software, Dewitt,
Michigan) was triggered by a force of 5 N on the force platform. Three successful trials at a velocity of 1.5 to 2.5 m/s
and acceleration of ±0.0 to 0.9 m/s2 were recorded for each
limb. Dogs were acclimated and trained to trot across the
force platform during the presurgical gait trial, and trained
handlers walked the dogs for all testing. Ground reaction
forces were normalized to body weight measured at each
time point. Peak vertical force (PVF; N/kg) and vertical
impulse (VI; N-s/kg), the highest vertical force and total
force during the stance phase, respectively, as well as the
average velocity (m/s), average acceleration (m/s/s), time to
peak vertical force (ms), peak braking force (N/kg), breaking
impulse (N-s/kg), time to peak braking force (ms), peak propelling force (PPF; N/kg), propelling impulse (N-s/kg), time
to PPF (ms), maximum rising slope (N/ms), and maximum
falling slope (N/ms) were quantitated. By using the mean
value of the three trials of each hind limb, the symmetry
index (SI) was calculated at each time point as
SI = ((Xl + Xr) − ([Xl − Xr])) / (Xl + Xr), where X is the
mean of a given gait variable for the left (l) and right (r) hind
limb for a given time point.

2.3 | Surgical technique
A complete blood cell count and serum biochemistry profile
was performed for all dogs prior to standard anesthesia protocols customized for individual dogs by the hospital anesthesia service. Perioperative cefazolin (22 mg/kg IV every
90 minutes) was administered to all dogs and was discontinued within 24 hours after surgery.
Surgeries were performed or directly supervised by small
animal surgeons certified by the American College of Veterinary Surgeons and according to Synthes guidelines (DePuy
Synthes Vet, West Chester, Pennsylvania).28 Briefly, intraarticular structures were exposed via a minimedial parapatellar
arthrotomy, and the CrCL and menisci were assessed. Partial
meniscectomies were performed for meniscal tears. There
were no meniscal releases or other treatments on intact
menisci. A TPLO jig was used in two cases, both in the control cohort. Partial elevation of the popliteal muscle to expose
the caudomedial tibial cortex was performed in all but one
dog. In that surgery, the popliteal muscle was elevated from
the caudal tibia, and a gauze sponge was packed between the
muscle and the bone. An osteotomy of the proximal tibia was
then performed with an oscillating saw. The tibial plateau was
rotated according to presurgical measurements.29 The
osteomy fragments were stabilized with a locking TPLO plate
and screws (DePuy Synthes Vet). Orthogonal postoperative
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radiographs were acquired prior to recovery from surgical
anesthesia.
A pure μ-agonist (such as hydromorphone 0.05-0.1 mg/kg
IV every 4-6 hours or fentanyl 2-5 mcg/kg/hour IV) was
administered until extubation, at which time a single dose of
an NSAID (carprofen 2.2 mg/kg subcutaneously or metacam
0.1 mg/kg subcutaneously) was administered. All dogs
received tramadol (3-7 mg/kg orally every 8 hours) for 10 to
14 days and carprofen (2.2 mg/kg orally every 12 hours) or
meloxicam (0.1 mg/kg orally every 24 hours) for 10 days.
Owners were instructed to restrict dogs to kennel confinement
with strictly controlled ambulation for 8 weeks. The length
and frequency of leash walks was limited to 5 minutes three
to four times per day for the first 2 weeks, followed by a gradual increase in duration by 5 minutes per week until the last
recheck appointment.

2.4 | Intervention
The ESWT was administered immediately after radiographs were completed postoperatively before anesthetic
recovery and then 2 weeks later with the dogs in lateral
recumbence on the unaffected leg and heavily sedated
(butorphanol 0.2 mg/kg IV and dexmedetomidine 2.5-5
mcg/kg IV). The second treatment was administered after
collection of kinetic gait analysis. The stifle was clipped,
coupling gel was applied, and 1000 pulses at an energy
flux density of 0.15 mJ/mm2 were administered with a
5-mm trode (PulseVet Technologies, Alpharetta, Georgia)
at four locations around the stifle joint, proximolateral,
distolateral, proximomedial, and distomedial, as previously reported.21 Treatment was not applied over or
directly adjacent to the bone plate.

2.5 | Statistical analysis
Measures included stifle range of motion and circumference,
subjective pain score, kinematic variables, and SI for ground
reaction force (GRF) metrics. Prognostic factors included
age, breed, body weight, body condition score, OA grade,
and presence of meniscal tear. The Shapiro-Wilks test was
used to assess for normality. Outcomes and prognostic factors that were normally distributed were summarized as
mean ± SD. Nonnormally distributed data were presented as
median (range). Contingency tables were generated for the
categorical variables. A mixed effects repeated measures
analysis of variance (ANOVA) was used to assess fixed
effects of treatment and time with animal as a random effect.
Significant differences were evaluated with Tukey's post hoc
comparisons of least-squares mean. Age, breed, body
weight, body condition score, OA grade, 8-week osteotomy
healing score, complications, and presence of meniscal
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TABLE 1

Descriptive statistics

Dog

Treatment group

Weight, kg

Age, y

BCS

Breed

Leg

Meniscal tear

Postop TPA

TPLO jig

1

A

39

10

3.5

Labrador

L

Yes

6

No

2

A

29

9

2.5

Mix

L

No

7

No

3

A

65

5

3

Great Dane

L

Yes

12

No

4

A

26

5

2.5

Labrador

L

Yes

5

No

5

A

43.5

3

3.9

Labrador

R

No

8

No

6

A

75.2

2

3.3

Great Dane

L

No

9

No

7

A

30

6

2.5

Mix

L

Yes

5

No

8

A

21

3

2.2

Mix

L

No

6

No

9

A

29.6

3

3.3

Labrador

R

No

7

No

10

B

31

3

3

Labrador

R

No

6

No

11

B

30.7

9

4

Mix

L

No

6

No

12

B

41

6

3.3

Mix

R

No

9

No

13

B

36.5

4

4.4

Mix

L

Yes

7

Yes

14

B

30.3

2

3.3

Staffordshire

L

No

6

Yes

15

B

20.6

7

3.3

Mix

L

Yes

7

No

16

B

35.4

3

3.9

Mix

L

No

6

No

Abbreviations: A, ESWT cohort; B, Control cohort; BCS; body condition score; ESWT, extracorporeal shockwave therapy; L, left; Postop, postoperative; R, right;
TPA, tibial plateau angle; TPLO, tibial plateau leveling osteotomy.

TABLE 2

Outcome measures
Circumference, cm (SD)

Flexion, degrees (SD)

Extension, degrees (SD)

Pain scores (range)

Time point

ESWT

Control

ESWT

Control

ESWT

Control

ESWT

Control

Pre

29.6 (6.2)

29.0 (4.7)

46 (8)

45 (10)

145 (10)

149 (5)

24 h Postop

32.8 (5.7)

32.4 (2.8)

65 (10)

53 (13)

146 (12)

143 (14)

3.5 (1-6)

3 (0-7)

2 wk Postop

30.7 (6.0)

29.6 (2.9)

51 (6)

52 (7)

145 (14)

147 (10)

1 (0-4)

1 (0-3)

8 wk Postop

30.8 (5.5)

28.8 (2.7)

50 (11)

48 (4)

150 (16)

158 (13)

1 (0-2)

1 (0-2)

Note: There were no differences between groups at any time point for any variable evaluated.
Abbreviations: ESWT, extracorporeal shockwave therapy; Postop, postoperatively; Pre, before surgery.

damage were compared between treatment cohorts via Fisher's exact test, Mann–Whitney U test, or Student's t test,
depending upon the nature of the data. Significant factors
were included as fixed effects or covariates in the ANOVA
model described above. Model assumptions (normality and
homoscedasticity of residuals) and influential data points
were assessed by examining standardized residual and quantile plots. P < .05 was considered significant. All analyses
were performed in SAS Version 9.4 (SAS Institute, Cary,
North Carolina).

3 | RESULTS
In total, 16 dogs, eight neutered males and eight spayed
females, were included in the study with nine in the ESWT

cohort and seven in the control cohort (Table 1). Complete
data sets are available for a total of 15 dogs because one
control cohort dog did not return for the 8-week evaluation.
Breeds included Labrador retriever (5), mixed (8,) Great
Dane (2), and Staffordshire terrier (1). The median age,
weight, and mean body condition score of the study population were 4.5 years (range, 2-10), 30.9 kg (range, 20.6-75),
and 3.5 ± 0.5 of 5, respectively. The body condition was
different between cohorts (3.0 ± 0.5 ESWT, 3.5 ± 0.5 control, P = .04). The median OA score was 2 (range 1-2) for
the ESWT cohort, which was higher than the score of
1 (range 0-2) for the control cohort (P = .01).
Cranial cruciate ligament disruption was confirmed in all
dogs during surgery. Meniscal tears were present in four of
nine dogs in the ESWT cohort and in two of seven dogs in the
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control cohort. All meniscal tears were treated with partial
meniscectomy. Complete CrCL tears were noted in three of
nine dogs in the ESWT group and four of seven dogs in the

(A)

(B)

FIGURE 1

Peak vertical force (A) and vertical impulse (B) for
treated (ESWT) and untreated (control) dogs before surgery (Pre) and
2 and 8 weeks after surgery. A, Peak vertical force was higher compared
with baseline for treated dogs at the 8-week recheck (a; P < .0001) and
lower compared with baseline for untreated dogs at the 2-week recheck
(b; P = .0001). B, Vertical impulse was higher compared with baseline
for the ESWT at the 8-week recheck (b; P = .0012) and lower compared
with baseline for the control cohort at the 2-week recheck (a; P = .0003).
ESWT, extracorporeal shock wave therapy; Pre, before surgery; PVF,
peak vertical force; VI, vertical impulse

TABLE 3

control group. All but two of the dogs were treated with fentanyl after surgery. Among the remaining dogs, one in the
ESWT group was treated with hydromorphone and one in the
control group was treated with methadone. There were no
major complications requiring surgical intervention over the
course of the study. Minor postoperative complications
included gastrointestinal upset in close association with
tramadol administration (1/16 [6%], P = > .99), licking or
chewing at the incision site (3/16 [18%], P = .55), and
increased subjective lameness observed by the attending clinician at the 8-week recheck (1/16 [6%], P > .99). Radiographically determined bone healing scores 8 weeks after surgery
were 7.9 ± 2.2 for the ESWT cohort and 7.5 ± 2.4 for the
control cohort (P = .86). The number of complications
(P > .99), meniscal tears (P = .63), and partial vs complete
CrCL disruptions (P = .61) were not different between
cohorts. The 2-week recheck was performed at 13 ± 2.3 days
in the ESWT cohort and at 13.3 ± 0.8 days in the control
cohort. The 8-week recheck was at 60.4 ± 7.7 days in the
ESWT cohort and at 57.8 ± 5.8 days in the control cohort.
Stifle circumference, goniometry, and subjective pain
score were not different between cohorts at any time
(Table 2). There was a decrease in stifle flexion (increased
flexion angle) in both the ESWT (65 ± 9 ) and the control
(53 ± 13 ) cohorts 24 hours after surgery compared with
baseline (46 ± 8 , P < .0001 and 45 ± 100 176 ,
P < .0001, respectively). Flexion was not different between
cohorts at any time (P = .06).
The PVF (5.5 ± 1.0 N/kg) and the VI (0.67 ± 0.15 N-s/kg)
were greater 8 weeks after surgery vs before surgery
(3.8 ± 1.1 N/kg, P < .0001 and 0.48 ± 0.21 N-s/kg,
P = .0012, respectively) in the ESWT cohort (Figure 1,
Table 3). The PVF (2.9 ± 1.3 N/kg) and the VI (0.34
± 0.22 N-s/kg) were lower 2 weeks after surgery vs
before surgery (4.6 ± 2.3 N/kg, P = .0001 and 0.59
± 0.35 N-s/kg, P = .0003, respectively) in the control
cohort. Similarly, VI was lower 8 weeks after surgery
(0.42 ± 0.20 N-s/kg) vs before surgery (0.59 ± 0.35
N-s/kg, P = .0012) in the control cohort. The PPF SI was

Ground reaction forces

Group

Time point

Velocity, m/s

PVF (SD)

SI, PVF

VI (SD)

ESWT

Pre

2.41 (0.52)

3.8 (1.1)*

0.85

0.48 (0.21)*

#

0.86

#†

SI, VI

SI, PPF

SI, PI

0.81

0.84

0.78

0.83

0.82

0.76

Control

Pre

2.07 (0.33)

4.6 (2.3)

ESWT

2wk

2.31 (0.41)

4.3 (2.1)

0.86

0.52 (0.33)

0.82

0.86*

0.83

Control

2wk

2.17 (0.56)

2.9 (1.3)#

0.74

0.34 (0.22)#

0.71

0.63*

0.64

ESWT

8wk

2.26 (0.52)

5.5 (1.0)*

0.93

0.67 (0.15)*

0.9

0.88

0.87

0.85

0.85

0.83

Control

8wk

2.23 (0.35)

4.3 (1.9)

0.89
*, #, †

0.59 (0.35)

0.42 (0.2)

†

Note: When values within a column are flagged with the same superscript symbol (
), that is to indicate that they are significantly different from each other.
Abbreviations: 2wk, 2 weeks postoperatively; 8wk, 8 weeks postoperatively; ESWT, extracorporeal shockwave therapy; Pre, before surgery; PI, propelling impulse;
PPF, peak propelling impulse; PVF, peak vertical force; SI, symmetry index; VI vertical impulse.
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(A)

(B)

(C)

(D)

FIGURE 2

Symmetry index for PVF (A), VI (B), PPF (C), and PI (D) before surgery (Pre) and 2 and 8 weeks after surgery. Untreated dogs
(control) were less symmetric for PVF, VI, and PI at the 2-week recheck compared with the ESWT group, but this was not significant. The SI for
PPF (C) was lower for the control group at 2 weeks compared with the ESWT group (a; P = .0074). ESWT, extracorporeal shock wave therapy; PI,
propelling impulse; Pre, before surgery; PPF, peak propelling force; PVF, peak vertical force; SI, symmetry index; VI, vertical impulse

higher in the ESWT (0.86 ± 0.04) vs the control (0.63
± 0.05, P = .0074) cohort 2 weeks after surgery
(Figure 2). While the GRF SI appeared to increase in the
ESWT cohort and decrease in the control cohort 2 and
8 weeks after surgery (Figure 2), these observations were
not different.

4 | DISCUSSI ON
The results of this study provide objective quantitation of
canine limb use with and without ESWT after TPLO. We
accept the hypothesis that dogs treated with ESWT after
TPLO have a faster increase in weight bearing compared with
untreated dogs. This conclusion is supported by a steady
improvement in GRF after TPLO in dogs treated with ESWT
compared with decreased GRF dogs that did not receive
ESWT. Extracorporeal shockwave therapy may provide multiple benefits after stifle surgery by increasing comfort and
use of the limb while also stimulating bone healing.16,30,31
Overall, the study results support growing evidence that percutaneous ESWT may benefit TPLO recovery in dogs.
Promotion of bone healing is a previously documented
effect of ESWT.30,32,33 Although there was not a difference

in bone healing between the two groups in this study, this
finding is not entirely surprising. Instead of focusing the
shock waves on the osteotomy site, treatment in this study
was applied around the stifle joint. This area included the
proximal tibia but did not focus on it. Radiographic
assessment more easily detects radiopaque tissues and
may have missed other more subtle aspects of bone
healing. If enhanced bone healing after TPLO is the primary goal, a previously published protocol for treatment
could be used.25 Future studies combining this protocol
with the one outlined in the current study may be useful
for the promotion of bone healing and improvement in
lameness after TPLO.
The energy flux density and number of pulses used in
this study were based on manufacturer recommendations for
treatment at the level of the stifle. Pulses were applied over
the surgical site, specifically around the stifle joint. This protocol is similar to an application protocol used previously
for canine stifle OA.21 The focus of the ESWT in this study
was the joint vs the osteotomy site because the goal of this
study was stifle pain vs bone healing. Application of treatment at distinct locations may augment the potential benefits
highlighted in this study.

BARNES ET AL.

Although previous studies have provided evidence of
improved limb use in dogs after ESWT for musculoskeletal
pain of various etiologies, a definitive mechanism of action
has not been identified.21-23 Published reports of in vitro and
in vivo studies in other species provide some proposed
actions of the technology. Reduction of inflammatory cytokines characteristic of the CrCL deficient stifle by ESWT
may be responsible for improved limb use.29,34 An in vitro
study of injured human tenocytes that were harvested and
then treated with ESWT confirmed reduced levels of interleukin 6 and metalloproteinases 1, 2, and 13 after ESWT of
tendon cells in culture.35 Alteration of these inflammatory
mediators may have contributed to the improvement in
lameness. Another proposed mechanism of action is an alteration of substance P or interference with nerve conduction
velocity. Maier et al36 found that substance P was elevated
6 and 24 hours after treatment of the distal femur in the rabbit. Extracorporeal shock wave therapy decreases sensory
nerve conduction velocity 3 and 7 days after treatment
according to recent equine studies, potentially by disruption
of the myelin sheath without damage to cell bodies or
axons.20 This change is thought to result in a reversible local
analgesic effect. Conjecture on the mechanism of action is
beyond the scope of this study. However, contemporary
work supports the study findings, and future investigations
that include evaluations of joint fluid and periarticular tissues may provide additional insight.
There are several methods for the generation of extracorporeal shock waves that include electrohydraulic (used in
the current study), electromagnetic, and piezoelectric mechanisms.15 Radial shockwave therapy has also been used to
treat pain associated with hip OA, although it does not use
true shock waves.37,38 Radial waves are mechanical pressure
waves generated by accelerating an object with compressed
air and typically have a more shallow depth of treatment. An
electrohydraulic machine was used in the current study; it is
unknown whether different mechanisms of ESWT generation lead to different effects on bone healing or pain relief.
Reported complications associated with ESWT include
mild bruising, redness, transient superficial pain at the treatment site, and the requirement for sedation or general
anesthesia for treatment.15,39,40 Subjective pain evaluation
24 hours after surgery in this study may not have been of
sufficient resolution to detect differences between treatments, although the rubric used is well established for comparison of postoperative comfort levels.4,41,42 More objective
forms of pain evaluation, such as kinetic gait, mechanical
threshold testing with an algometer, or stance analysis, could
have been performed.43,44
Additional stifle measures including circumference to
quantitate joint effusion27 and periarticular swelling and
joint angles to quantitate range of motion also did not show
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much difference among treatments. Slightly lower stifle flexion 24 hours after surgery in treated (65 ) vs untreated (53 )
dogs in this study was not significantly different. This is
despite the fact that ESWT is reported to potentially cause
bruising and enhanced neovascularization to treated tissues.19 Decreased stifle flexion and extension have previously been associated with higher lameness scores in dogs
after TPLO,8 so the range of motion is directly related to
function. It is possible that there was a transient increase in
pain from ESWT in the joint that led to the decreased willingness or ability to flex the stifle immediately after surgery.
However, the findings of this study do not support any negative effects of ESWT, and use of the technology did not
increase the complication rate compared with previous
studies.25,45
Despite the improvement in weight bearing after surgery, there was no difference in pain scores between
groups at any postoperative recheck. Pain was assessed
via the short form of the Glasgow Composite Pain Scale,
which includes six behaviors: vocalization, attention to wound,
mobility, response to touch, demeanor, and posture/activity.46
Although it is used to measure pain in dogs, the scale is
subjective and may be influenced by how the dog interacts
with observers, differences in interpretation of scoring
criteria among observers, and varying thresholds of pain
tolerance among dogs.4
Kinetic gait analysis was performed in the current study to
provide an objective method for postoperative assessment.
Alternative methods for the assessment of clinical outcome
include owner questionnaires and subjective gait scoring by a
veterinarian. Although they are easier to perform, subjective
scales may not correlate with lameness identified with force
plate gait analysis.47 Previous studies in which lameness after
treatment with ESWT has been evaluated have used both
objective and subjective methods.21-23 Because the force platform quantitates kinetic forces without observer bias, it was
used to assess outcome in this study. Symmetry indices were
determined for gait variables, and the PPF SI was higher in
the treatment cohort. Dogs with cruciate disease exhibited
decreased propelling force in affected limbs.48 The higher SI
for PPF in dogs treated with ESWT may provide additional
evidence of improvement in weight bearing after TPLO.
Larger case numbers in future studies may assist to further
identify differences in gait after surgery.
Limitations of this study include the small population,
different body condition scores between groups, relatively
short follow-up time, and potential for variability in postoperative compliance with client-owned animals. Future studies with larger populations of dogs are required to validate
the findings of this pilot clinical trial. The influence of body
condition score on outcome variables is unclear, but it could
affect postoperative ambulation and, therefore, the could
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have affected the results of this study. Inclusion criteria with
a more narrow range of body condition score in future studies may help eliminate differences between cohorts. The
effects of ESWT have been shown to last beyond 8 weeks,
so it is possible that a longer follow-up period would allow
for identification of additional significant differences in outcome.16,19,30 An 8-week study period was chosen in this
study so that there would be no additional rechecks beyond
what would normally be expected after surgery. Although
dogs were discharged with the same medication schedule
and instructions, owner compliance with medication administration and exercise restriction could not be controlled. The
authors assumed that owner compliance was similar between
the two cohorts without evidence to suggest otherwise.
An additional limitation of this study is the small variations in surgical procedure, such as jig use and muscle elevation, which could impact clinical outcome. Use of different
postoperative IV opioids and NSAID could also impact data,
particularly 24 hours postoperatively. Although most dogs
received postoperative fentanyl, two dogs received alternative, less potent, pure μ-agonist. Differences in pain medication may have impacted postoperative pain scores.
Differences among NSAID drugs were generally a result of
prescription by a primary care veterinary prior to referral to
the surgical facility. The preoperative NSAID was continued
in the postoperative period for continuity. Future studies
without variation in postoperative opioids and NSAID will
help avoid these study limitations.
In conclusion, the results of this study provide evidence
that treatment with ESWT leads to improvement in weight
bearing and a faster return to function after TPLO surgery.
Extracorporeal shock wave therapy is a relatively simple
method to help control postoperative pain and is not associated with an increase in complication rate. The benefits noted
after treatment with ESWT in this study likely outweigh any
potential complications (such as transient decreased stifle flexion and the requirement for sedation). Future studies with
larger populations of dogs treated with various surgical procedures are required to expand the potential use of postoperative
ESWT. Additional work to quantitate the biological effects of
ESWT on healing tissue and arthritic joints will further elucidate the mechanisms of action of this therapy.
C ON F L I C T O F IN T E RE S T
The authors have no financial or other conflicts of interest to
disclose.
R E F E REN CE S
1. Bergh MS, Peirone B. Complications of tibial plateau levelling
osteotomy in dogs. Vet Comp Orthop Traumatol. 2012;25:
349-358.

2. Duerr FM, Martin KW, Rishniw M, Palmer RH, Selmic LE. Treatment of canine cranial cruciate ligament disease. A survey of
ACVS Diplomates and primary care veterinarians. Vet Comp
Orthop Traumatol. 2014;27:478-483.
3. Stauffer KD, Tuttle TA, Elkins AD, Wehrenberg AP,
Character BJ. Complications associated with 696 tibial plateau
leveling osteotomies (2001-2003). J Am Anim Hosp Assoc. 2006;
42:44-50.
4. Benitez ME, Roush JK, McMurphy R, KuKanich B, Legallet C.
Clinical efficacy of hydrocodone-acetaminophen and tramadol for
control of postoperative pain in dogs following tibial plateau leveling osteotomy. Am J Vet Res. 2015;76:755-762.
5. Lewis KA, Bednarski RM, Aarnes TK, Dyce J, Hubbell JA. Postoperative comparison of four perioperative analgesia protocols in
dogs undergoing stifle joint surgery. J Am Vet Med Assoc. 2014;
244:1041-1046.
6. Innes JF, Barr AR. Clinical natural history of the postsurgical cruciate deficient canine stifle joint: year 1. J Small Anim Pract.
1998;39:325-332.
7. Moeller EM, Allen DA, Wilson ER, Lineberger JA, Lehenbauer T.
Long-term outcomes of thigh circumference, stifle range-ofmotion, and lameness after unilateral tibial plateau levelling osteotomy. Vet Comp Orthop Traumatol. 2010;23:37-42.
8. Jandi AS, Schulman AJ. Incidence of motion loss of the stifle joint
in dogs with naturally occurring cranial cruciate ligament rupture
surgically treated with tibial plateau leveling osteotomy: longitudinal clinical study of 412 cases. Vet Surg. 2007;36:114-121.
9. Rumph PF, Kincaid SA, Visco DM, Baird DK, Kammermann JR,
West MS. Redistribution of vertical ground reaction force in dogs
with experimentally induced chronic hindlimb lameness. Vet Surg.
1995;24:384-389.
10. Khan SA, McLean MK. Toxicology of frequently encountered
nonsteroidal anti-inflammatory drugs in dogs and cats. Vet Clin
North Am Small Anim Pract. 2012;42:289-306. vi-vii.
11. Bienhoff SE, Smith ES, Roycroft LM, Roberts ES. Efficacy and safety
of deracoxib for control of postoperative pain and inflammation associated with soft tissue surgery in dogs. Vet Surg. 2012;41:336-344.
12. Budsberg SC, Torres BT, Kleine SA, Sandberg GS, Berjeski AK.
Lack of effectiveness of tramadol hydrochloride for the treatment
of pain and joint dysfunction in dogs with chronic osteoarthritis.
J Am Vet Med Assoc. 2018;252:427-432.
13. Millis DL, Francis D, Adamson C. Emerging modalities in veterinary rehabilitation. Vet Clin North Am Small Anim Pract. 2005;35:
1335-1355. viii.
14. Ogden JA, Alvarez RG, Levitt R, Marlow M. Shock wave therapy
(Orthotripsy) in musculoskeletal disorders. Clin Orthop Relat Res.
2001;387:22-40.
15. Ogden JA, Toth-Kischkat A, Schultheiss R. Principles of shock
wave therapy. Clin Orthop Relat Res. 2001;387:8-17.
16. Johannes EJ, Kaulesar Sukul DM, Matura E. High-energy shock
waves for the treatment of nonunions: an experiment on dogs.
J Surg Res. 1994;57:246-252.
17. Laverty P, McClure S. Initial experience with extracorporeal shock
wave therapy in six dogs - part I. Vet Comp Orthop Traumatol.
2002;15:117-183.
18. Rompe JD, Kirkpatrick CJ, Kullmer K, Schwitalle M, Krischek O.
Dose-related effects of shock waves on rabbit tendo Achillis. A
sonographic and histological study. J Bone Joint Surg Br. 1998;
80:546-552.

BARNES ET AL.

19. Wang CJ, Wang FS, Yang KD, et al. Shock wave therapy induces
neovascularization at the tendon-bone junction. A study in rabbits.
J Orthop Res. 2003;21:984-989.
20. Bolt DM, Burba DJ, Hubert JD, et al. Determination of functional
and morphologic changes in palmar digital nerves after nonfocused extracorporeal shock wave treatment in horses. Am J Vet
Res. 2004;65:1714-1718.
21. Dahlberg J, Fitch G, Evans RB, McClure SR, Conzemius M. The
evaluation of extracorporeal shockwave therapy in naturally occurring osteoarthritis of the stifle joint in dogs. Vet Comp Orthop
Traumatol. 2005;18:147-152.
22. Becker W, Kowaleski MP, McCarthy RJ, Blake CA. Extracorporeal shockwave therapy for shoulder lameness in dogs. J Am Anim
Hosp Assoc. 2015;51:15-19.
23. Leeman JJ, Shaw KK, Mison MB, Perry JA, Carr A, Shultz R.
Extracorporeal shockwave therapy and therapeutic exercise for
supraspinatus and biceps tendinopathies in 29 dogs. Vet Rec.
2016;179:385.
24. Lineberger JA, Allen DA, Wilson ER, et al. Comparison of radiographic arthritic changes associated with two variations of tibial plateau
leveling osteotomy. Vet Comp Orthop Traumatol. 2005;18:13-17.
25. Kieves NR, MacKay CS, Adducci K, et al. High energy focused
shock wave therapy accelerates bone healing. A blinded, prospective, randomized canine clinical trial. Vet Comp Orthop
Traumatol. 2015;28:425-432.
26. Jaegger G, Marcellin-Little DJ, Levine D. Reliability of goniometry in Labrador Retrievers. Am J Vet Res. 2002;63:
979-986.
27. Drygas KA, McClure SR, Goring RL, Pozzi A, Robertson SA,
Wang C. Effect of cold compression therapy on postoperative
pain, swelling, range of motion, and lameness after tibial plateau
leveling osteotomy in dogs. J Am Vet Med Assoc. 2011;238:
1284-1291.
28. Standard tibial plateau leveling osteotomy system surgical
technique. DePuy Synthes Vet. http://synthes.vo.llnwd.net/
o16/LLNWMB8/US%20Mobile/Synthes%20North%20America/
Product%20Support%20Materials/Technique%20Guides/SUTGTPL
OPlateJ6544C.pdf. Accessed August 22, 2019.
29. Grierson J, Sanders M, Guitan J, Pead M. Comparison of anatomical tibial plateau angle versus observer measurement from lateral
radiographs in dogs. Vet Comp Orthop Traumatol. 2005;18:
215-219.
30. Wang CJ, Huang HY, Chen HH, Pai CH, Yang KD. Effect of
shock wave therapy on acute fractures of the tibia: a study in a dog
model. Clin Orthop Relat Res. 2001;112-118.
31. van der Jagt OP, Piscaer TM, Schaden W, et al. Unfocused extracorporeal shock waves induce anabolic effects in rat bone. J Bone
Joint Surg Am. 2011;93:38-48.
32. Vulpiani MC, Vetrano M, Conforti F, et al. Effects of extracorporeal shock wave therapy on fracture nonunions. Am J Orthop
(Belle Mead NJ). 2012;41:E122-E127.
33. Schaden W, Fischer A, Sailler A. Extracorporeal shock wave therapy of nonunion or delayed osseous union. Clin Orthop Relat Res.
2001;387:90-94.
34. Boland L, Danger R, Cabon Q, et al. MMP-2 as an early synovial
biomarker for cranial cruciate ligament disease in dogs. Vet Comp
Orthop Traumatol. 2014;27:210-215.
35. Han SH, Lee JW, Guyton GP, Parks BG, Courneya JP, Schon LC.
J. Leonard Goldner Award 2008. Effect of extracorporeal shock

9

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

wave therapy on cultured tenocytes. Foot Ankle Int. 2009;30:
93-98.
Maier M, Averbeck B, Milz S, Refior HJ, Schmitz C. Substance P
and prostaglandin E2 release after shock wave application to the
rabbit femur. Clin Orthop Relat Res. 2003;406:237-245.
Mueller M, Bockstahler B, Skalicky M, Mlacnik E, Lorinson D.
Effects of radial shockwave therapy on the limb function of dogs
with hip osteoarthritis. Vet Rec. 2007;160:762-765.
Souza AN, Ferreira MP, Hagen SC, Patricio GC, Matera JM.
Radial shock wave therapy in dogs with hip osteoarthritis. Vet
Comp Orthop Traumatol. 2016;29:108-114.
Miller DL, Thomas RM. Thresholds for hemorrhages in mouse
skin and intestine induced by lithotripter shock waves. Ultrasound
Med Biol. 1995;21:249-257.
Smits GA, Jap PH, Heerschap A, Oosterhof GO, Debruyne FM,
Schalken JA. Biological effects of high energy shock waves in
mouse skeletal muscle: correlation between 31P magnetic resonance spectroscopic and microscopic alterations. Ultrasound Med
Biol. 1993;19:399-409.
Heffernan AE, Katz EM, Sun Y, Rendahl AK, Conzemius MG. Once
daily oral extended-release hydrocodone as analgesia following tibial
plateau leveling osteotomy in dogs. Vet Surg. 2018;47:516-523.
Cardozo LB, Cotes LC, Kahvegian MA, et al. Evaluation of the
effects of methadone and tramadol on postoperative analgesia and
serum interleukin-6 in dogs undergoing orthopaedic surgery. BMC
Vet Res. 2014;10:194.
Harris LK, Whay HR, Murrell JC. An investigation of mechanical
nociceptive thresholds in dogs with hind limb joint pain compared
to healthy control dogs. Vet J. 2018;234:85-90.
Phelps HA, Ramos V, Shires PK, Werre SR. The effect of measurement method on static weight distribution to all legs in dogs
using the Quadruped Biofeedback System. Vet Comp Orthop
Traumatol. 2007;20:108-112.
Barnes K, Lanz O, Werre S, Clapp K, Gilley R. Comparison of
autogenous cancellous bone grafting and extracorporeal shock
wave therapy on osteotomy healing in the tibial tuberosity
advancement procedure in dogs. Radiographic densitometric evaluation. Vet Comp Orthop Traumatol. 2015;28:207-214.
Reid J, Nolan AM, Hughes JML, Lascelles D, Pawson P,
Scott EM. Development of the short-form Glasgow Composite
Measure Pain Scale (CMPS-SF) and derivation of an analgesic
intervention score. Anim Welfare. 2007;16:97-104.
Quinn MM, Keuler NS, Lu Y, Faria ML, Muir P, Markel MD.
Evaluation of agreement between numerical rating scales, visual
analogue scoring scales, and force plate gait analysis in dogs. Vet
Surg. 2007;36:360-367.
Budsberg SC, Verstraete MC, Soutas-Little RW, Flo GL,
Probst CW. Force plate analyses before and after stabilization of
canine stifles for cruciate injury. Am J Vet Res. 1988;49:
1522-1524.

How to cite this article: Barnes K, Faludi A,
Takawira C, et al. Extracorporeal shock wave therapy
improves short-term limb use after canine tibial
plateau leveling osteotomy. Veterinary Surgery. 2019;
1–9. https://doi.org/10.1111/vsu.13320

