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Abstract

A 10-week-old male, Xoloitzcuintle (Mexican hairless dog), weighing 8.9 kg was pre-

sented after its owner accidentally stepped on its paw. The dog presented with acute

pain, inflammation and grade IV lameness in the right hind paw. A complete trans-

verse fracture in the right proximal tibia was diagnosed from radiography. The dog

underwent aminimally invasive plate osteosynthesis (MIPO) procedure. After surgery,

photobiomodulation therapy combined with static magnetic field (PBMT-sMF) was

applied twice daily for 21 days. A multi-wavelength PBMT-sMF device was applied at

three sites using different frequencies: proximal and distal of the fracture zone (3000

Hz, 40.35 Jper site, and300 sper site) and in the fracture zone (250Hz, 39.11 J and300

s per site). Follow up radiographies were performed after surgery and treatment with

PBMT-sMF. Eighteen days post-surgery the healing process of bone was advanced.

Fifty-five days post-surgery the callus was enlarged. In addition, radiographic union

and clinical union was evidenced by closure of the fracture gap. This case report has

reported the use of PBMT-sMF in order to accelerate and improve bone healing fol-

lowing a MIPO procedure on a complete transverse fracture in the proximal tibia of a

puppy.
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1 INTRODUCTION

Fractures in tibia are very common in small animals, being the third

most common fracture type and representing 20% of long bone frac-

tures (Gorse, 1998). Long bone fracture usually triggers other signs

and symptoms such as limb dysfunction, pain, instability, overlying soft

tissue injured, abnormal limb posture or crepitus (Roush, 2005). The

location and type of fracture may vary between skeletally immature

animals and skeletally mature animals. For instance, proximal tibial

fractures are usually observed only in very young animals, skeletally

immature (Zaal &Hazewinkel, 1996; Johnson & Boone, 1993).
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The appropriate treatment of tibial fractures must be determined

after taking into consideration mechanical and biological factors and

patient adherence (Palmer, 1999). Over the years, minimally invasive

techniques have been used to repair tibial fractures (Schmökel et al.,

2007; Schmokel et al., 2003). This type of technique preserves blood

supply, encourages faster healing, reduces morbidity and accelerates

functional recovery (Schmökel et al., 2007; Schmokel et al., 2003).

Among the surgical approaches it could be ‘open but dont’t touch’

(OBDT) approach, minimally invasive surgery (MIS) (Schmökel et al.,

2007; Schmokel et al., 2003) andminimally invasivepercutaneousplate

osteosynthesis (MIPO) (Pozzi & Lewis, 2009). MIPO can use two types
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F IGURE 1 Radiography before procedures. (a) Radiography inmediolateral view before surgery and treatment with PBMT-sMF. The arrow
demonstrates a transverse fracture in proximal tibia. (b) Radiography in craniocaudal craneo caudal view before surgery and treatment with
PBMT-sMF. The arrow demonstrates a transverse fracture in proximal tibia. The figure is owned by the authors.

of bone-plating systems: traditional bone plates and locking plates

(Schwarz, 2005). MIPOmay have an advantage over other approaches

since it reduces surgical time, and consequently reduces the risk of

infection (Hudson et al., 2009).

There are several methods that can be used to improve bone heal-

ing after fracture, including the use of a therapeutic intervention called

photobiomodulation therapy (PBMT) applied alone or combined with

static magnetic field (PBMT-sMF). Photobiomodulation therapy is a

non-thermal process applied in the form of light amplification by stim-

ulated emission of radiation (LASER) and light-emitting diodes (LEDs)

(Anders et al., 2015). The light emitted by PBMT (and PBMT-sMF)

interactswith photoreceptors present inmitochondria triggering stim-

ulation or inhibition of cellular metabolism in different tissues (Anders

et al., 2015; Karu, 1989).

In recent years, the number of in vitro, preclinical and clinical studies

in humans investigating the effects of PBMT has increased. However,

there is still a scarcity of quality studies observing and investigating

the effects of PBMT in the veterinary field. To date, was observed that

the use of PBMT is associated with increased peak vertical force after

tibial plateau levelling osteotomy (Rogatko et al., 2017) and improve-

ment of function after surgical correction of a herniated disc in dogs

(Draper et al., 2012). In addition, it was observed that PBMTmay accel-

erate chronic wound healing process in dogs (Hoisang et al., 2021)

and reduce lameness, pain and non-steroidal anti-inflammatory drugs

(NSAIDs) use on canine osteoarthritis (Looney et al., 2018). Finally,

there is evidence that PBMT has a potential as a biostimulator, induc-

ing bone formation during distraction osteogenesis in dogs, resulting in

shorter treatment time and improved quality and quantity of newbone

(Taha et al., 2018). To date, the effects of PBMTon bone healing in dogs

have not been investigated, however, in vitro and preclinical studies

showed that PBMT increases vascularisation andmodulates inflamma-

tory response, enhancing the bone matrix synthesis and neoformation

(Pinheiro&Gerbi, 2006), and increasing fibroblast growth factors (Say-

gun et al., 2008), osteocytes (Dörtbudak et al., 2002), osteoblastic

proliferation (Pinheiro & Gerbi, 2006) and collagen deposition (Pin-

heiro & Gerbi, 2006). In addition, there is evidence that the sooner the

treatment with PBMT starts, when high cellular proliferation occurs,

themore effective it will be (Pinheiro &Gerbi, 2006).

In the case described herein, we aim to report the use of PBMT-sMF

after a MIPO procedure in a puppy with complete transverse fracture

in the right proximal tibia.

2 CASE REPORT

A male Xoloitzcuintle dog, 10 weeks old, weighing 8.9 kg was pre-

sented to the Animal HomeVeterinaryHospital inMexico City,Mexico

Veterina, after its owner accidentally stepped on its paw. The dog pre-

sented a normal clinical examination. However, the orthopaedic exam

revealed acute pain, inflammation (swelling, heat and loss of function)

and grade IV lameness (non–weight-bearing lameness) in the right

hind paw. A lameness score from 0 (no lameness) to 5 (no ambula-

tory) was used to measure the lameness grading (Impellizeri et al.,

2000; Drygas et al., 2011). A radiography showed a complete trans-

verse fracture in the right proximal tibia, type 43 (Figure 1) (Johnson

et al., 2005).
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F IGURE 2 Radiography post-surgery. (a) Radiography inmediolateral view post-surgery and before treatment with PBMT-sMF. The arrow
demonstrates a transverse fracture in proximal tibia. (b) Radiography in craniocaudal view post-surgery and before treatment with PBMT-sMF.
The arrow demonstrates a transverse fracture in proximal tibia. In the immediate post-surgery radiographic study, in its craneo caudal projection,
we can observe the presence of a radiopaque implant on themedial aspect of the tibia from the proximal metaphysis to the distal metaphysis, with
the presence of 2 proximal and 2 distal locking screws. The locking screw number 1 is placedmonocortically and locking screws 2, 3 and 4 are
placed bicortically. The figure is owned by the authors.

The dogt’s ownerwas concerned about the fracture healing because

the puppy, skeletally immature, is a show prospect coming from inter-

national champions of the breed. Thus, both function and aesthetic

aspects would be important. The owner was also concerned that

inadequate fracture healing could affect locomotion and gait.

At first, the main focus of treatment was pain control and fracture

stabilisation until surgery could be scheduled. The fracture stabilisa-

tionwas done using a Robert-Jones bandage (RJB), in order to increase

patient comfort, to minimise local soft tissue swelling and to pre-

vent additional soft tissue injury (Roush, 2005). It was prescribed oral

carprofen 2.2 mg/kg twice a day, oral omeprazole 1 mg/kg once a day

and oral gabapentin 10 mg/kg three times a day (Plumb, 2005). Two

days later, the dog underwent to surgery. The protocol for general

anaesthesia was as follow: water fasting of 2 h and food restriction of

8 h before the procedure. It was used acepromazine 0.05 mg/kg and

meloxicam0.2mg/kgaspremedication. Itwasusedpropofol 2–5mg/kg

intravenous to cause the effective loss of the laryngotracheal reflex.

Anaesthetic maintenance was performed with sevoflurane vaporised

in oxygen (O2), using a rebreathing circuit. The vaporiser setting was

adjusted to maintain a surgical-anaesthetic plane based on the eye

position, mandibular tonus, and absence of autonomic reflex to noci-

ceptive stimulus (Plumb, 2005).MIPOprocedure,with titanium locking

compression plate (OsTi-Lok, OsteoCertus, FL, USA), with two screws

fixed distally and proximally was performed. This approach and this

plate/screw configuration was chosen in order to promote healing

and minimise infection risks. The function of a locking plate is as an

internally placed external fixator, favouring an environment for sec-

ondary bone healing via callus formation through relative stability

by maintaining fracture gap strains under 10% (Schwarz, 2005). For

bridging fixation, two to four screws either side of the fracture gap is

recommended (Schwarz, 2005). In these applications, increasing the

number of the screws in the construct does not necessarily equate to

an increased construct stability (Schwarz, 2005). In this specific case,

MIPO was chosen because it preserves periosteal blood supply com-

pared to open plating, which may accelerate bone healing (Schütz &

Südkamp, 2003). Post-surgery, another radiography was performed

(Figure 2).

2.1 Post-surgery intervention

For 21 days, oral omeprazole 1 mg/kg once a day, oral carprofen 2.2

mg/kg twiceaday, andoral gabapentin10mg/kg three timesadaywere

prescribed (Plumb, 2005). In addition, PBMT-sMF was applied for 21
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F IGURE 3 Cordless and portableMy Pet Laser™ (MPL) device.

days, twice per day. PBMT-sMF was applied using a cordless, portable

My Pet Laser™ (MPL) device manufactured by Multi Radiance Medi-

cal, Solon, Ohio, USA (Figure 3). Themulti-wavelength PBMT-sMFwas

applied at three sites with different frequencies: proximal and distal of

the fracture zone (MPL 3000 Hz) and in the fracture zone (MPL 250

Hz). Proximal and distal of the fracture zone, PBMT-sMF was applied

using the MPL cluster emitter containing the following 9 diodes and

settings: 1 super-pulsed laser diode (905 nm, 3000 Hz frequency, 4.50

mWaverage power, 15W peak power, and 1.35 J dose for each diode),

4 red LEDs (640 nm, 15 mW average power, and 4.5 J dose for each

diode) and 4 infrared LEDs (875 nm, 17.5 mW average power and 5.25

J dose for each diode). The total dose applied per site was 40.35 J. The

irradiation time per site was 300 sec. In the fracture zone PBMT-sMF

was applied using the MPL cluster emitter containing the following 9

diodes and settings: 1 super-pulsed laser diode (905 nm, 250 Hz fre-

quency, 0.375mWaveragepower, 15Wpeakpower, and0.1125 Jdose

for each diode), 4 red LEDs (640 nm, 15 mW average power, and 4.5 J

dose for each diode) and 4 infrared LEDs (875 nm, 17.5 mW average

power, and 5.25 J dose for each diode). The total dose applied per site

was 39.11 J. The irradiation time per sitewas 300 s. The full description

of PBMT-sMF parameters is provided in Table 1.

2.2 Post-treatment outcomes

Follow up radiographies were performed 18 days post-surgery (and

treatment with PBMT-sMF) and 55 days post-surgery (34 days after

the end of treatment with PBMT-sMF). Eighteen days post-surgery,

radiography revealed that although there was still a visible frac-

ture line, the healing process of bone was advanced. Fifty-five days

post-surgery, radiography revealed that the callus was enlarged, still

characterising a remodelling phase. In addition, radiographic union

and clinical union was evidenced by closure of the fracture gap.

Figure 4 shows the comparison between radiographies in anteropos-

terior view: before surgery and treatment, day 0 (post-surgery and

before treatment), day 18 (18 days post-surgery) and day 55 (55 days

post-surgery). Figure 5 shows the comparison between radiographies

in lateral view: before surgery and treatment, day 0 (post-surgery and

before treatment), day 18 (18 days post-surgery) and day 55 (55 days

post-surgery).

3 DISCUSSION

This study reported the use of PBMT-sMF after a MIPO procedure in

a puppywith complete transverse fracture in the right proximal tibia in

order to accelerate and improvebonehealing. Theevolutionof the case

was demonstrated through radiographies.

Bone healing after a fracture occurs in three stages: inflammatory,

reparative and remodelling. The inflammatory phase is the first and

can last for several days. In this phase the initial hematoma is organ-

ised, cells are removed, and precursors cells are recruited (Roush,

2005). The reparative phase usually lasts about 6–10 weeks and is

the time where the fracture gap is filled by material resembling bone.

In this phase, proper bone healing occurs (Roush, 2005). The final

phase is the remodelling phase, and the material resembling bone in

the fracture gap is replaced by longitudinal haversian systems over

time (Roush, 2005). Treatment for fractures aims to reestablish the

anatomic position of the joint surfaces in relation to the proximal and

distal bones in order to promote stability and allow the limb to reach

early ambulation, with no impairments in gait (Roush, 2005; Glyde &

Arnett, 2006). There is evidence that PBMT-sMF may act in the first

two stages of bonehealing,modulating inflammatoryprocess (Babuccu

et al., 2014; Tim et al., 2016; Pretel et al., 2007) and enhancing repar-

ative process (Pretel et al., 2007; Fazilat et al., 2014; de Almeida et al.,

2014).

There are few clinical studies investigating the effects of PBMT

or PBMT-sMF on bone healing in the veterinary and human area.

However, there is evidence from preclinical studies that PBMT helps

vascular proliferation,modulates inflammatoryprocess (Babuccuet al.,

2014; Tim et al., 2016; Pretel et al., 2007) increases deposition of col-

lagen in the osteoidmatrix, osteoblast proliferation (Pretel et al., 2007;

Fazilat et al., 2014; deAlmeidaet al., 2014) besides increasingbiochem-

ical properties of bone, expression of bone proteins and genes (Tim

et al., 2016). Theseeffects are able toenhancebonehealing after a frac-

ture by accelerating regeneration and remodelling of bone (Escudero

et al., 2019).

The findings of this case report agree with the evidence mentioned

above regarding the positive effects of PBMT on bone healing (Escud-

ero et al., 2019). It was observed that 3 weeks after the fracture
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F IGURE 4 Progression of osteosynthesis usingMIPO and PBMT-sMF inmediolateral view. (a) Radiography before surgery and treatment
with PBMT-sMF shows a simple-diaphyseal fracture. (b) Radiography immediately post-surgery and before treatment with PBMT-sMF shows a
transverse fracture in proximal tibia and the fixationwith locked titanium plate, with two screws fixed distally and proximally. (c) Radiography at 18
days post-surgery shows an important periostic reaction suggestive formation of bone callus. (d) Radiography at 55 days post-surgery shows callus
enlargedwith bone remodelling. The figure is owned by the authors.
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TABLE 1 Parameters forMyPetLaser™ device

Number of infrared super-pulsed lasers 1 1

Wavelength (nm)n 905 (±1) 905 (±1)

Frequency (Hz) 3000 250

Peak power (W) – each 15 15

Averagemean optical output (mW) – each 4.50 0.375

Power density (mW/cm2) – each 10.23 0.852

Energy density (J/cm2) – each 3.069 0.2556

Dose (J) – each 1.35 0.1125

Spot size of laser (cm2) – each 0.44 0.44

Number of red LEDs 4 4

Wavelength of red LEDs (nm) 640 (±10) 640 (±10)

Frequency (Hz) 2 2

Average optical output (mW) – each 15 15

Power density (mW/cm2) – each 16.67 16.67

Energy density (J/cm2) – each 5 5

Dose (J) – each 4.5 4.5

Spot size of red LED (cm2) – each 0.9 0.9

Number of infrared LEDs 4 4

Wavelength of infrared LEDs (nm) 875 (±10) 875 (±10)

Frequency (Hz) 16 16

Average optical output (mW) – each 17.5 17.5

Power density (mW/cm2) – each 19.44 19.44

Energy density (J/cm2) – each 5.83 5.83

Dose (J) – each 5.25 5.25

Spot Size of LED (cm2) – each 0.9 0.9

Magnetic field (mT) 35 35

Irradiation time per site (s) 300 300

Total dose per site (J) 40.35 39.11

Aperture of device (cm2) 4 4

Applicationmode Scanning cluster probe in skin

contact with a 90◦ angle and

slight pressure

Cluster probe held stationary in

skin contact with a 90◦ angle

and slight pressure

occurred, and after 18 days of treatment with PBMT-sMF, the healing

process of bone was advanced. Furthermore, 8 weeks after the frac-

ture occurred there was no signs of any disruption in its continuity and

fracture line, added to a closure of fracture gap.

Several fractures are proven difficult to manage such as distal radial

fractures in small-breed dogs, salter fractures of the distal ulnar physis

of immature dogs, distal femoral fractures in immature dogs, and

humeral fractures (Roush, 2005). In this case report, the dog had an

immature skeleton, but the proximal tibia fracture is easier to manage.

However, it is not possible to know if the bone healing would be ade-

quate or if there could be some problem and, eventually, impairment of

gait. In addition, the recommendation after surgery to repair fractures

is activity restriction and controlled supervision (Roush, 2005). How-

ever, in this case, as the puppy was very active, damage to the external

fixator or the plate could occur. In this way, both the owner and the vet

were concernedabout the fracture in thepuppy. Therefore, faster heal-

ing could reduce the risk of nonunion or refracture and this could be

achievedwith the use of PBMT-sMF.

One of the limitations of this case report is that the assessment

of fracture healing was performed only by radiography. Further-

more, there were no other outcomes, other animals or a control

group evaluated. Therefore, it is not possible to infer that the same

results would or would not have been achieved if PBMT-sMF had

not been applied. Finally, a long-term follow-up was not carried

out in order to observe the third bone healing stage, the remod-

elling phase. On the other hand, short- and medium-term radiographs

were taken, which allowed us to follow the first two stages of bone

healing.
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F IGURE 5 Comparison between radiographies in craniocaudal view. (a) Radiography before surgery and treatment with PBMT-sMF shows a
transverse fracture in proximal tibia. (b) Radiography immediately post-surgery and before treatment with PBMT-sMF shows a transverse fracture
in proximal tibia and the fixation with locked titanium plate, with two screws fixed distally and proximally. (c) Radiography at 18 days post-surgery
shows an important periostic reaction suggestive formation of bone callus. (d) Radiography at 55 days post-surgery shows callus enlargedwith
bone remodelling. The figure is owned by the authors.

4 CONCLUSIONS

Although this case report has reported the use of PBMT-sMF after

a MIPO procedure in a puppy with complete transverse fracture in

the right proximal tibia, randomised controlled trials are needed to

affirm that PBMT-sMF accelerates and improves bone healing after

fracture. It is necessary to continue investigating the effects of PBMT

and PBMT-sMF on bone healing after fracture in both veterinary and

human area.
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