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Introduction
Pediatric fractures of the long bones in dogs are 
relatively common, where 20% of all long bone 
fractures in the immature skeleton are related to the 
tibia. Seventy-two percent of these fractures are 
diaphyseal (Boone et al., 1986; Unger et al., 1990). In 
addition, of all the fractures of the immature skeleton 
in dogs, 70% were in juvenile dogs less than 6 months 
of age (Kumar et al., 2007).
The treatment of fractures in young dogs presents 
specific difficulties and necessitates additional factors 
for the veterinarian to consider. Juvenile dogs are 
inherently energetic, playful, and difficult to keep 
calm. Furthermore, they tend to chew on and gnaw at 
bandages, casts, and external fixators. The immature 
skeletal structure of juvenile dogs possesses unique 

qualities when compared to adult bones, both in 
terms of structure and function. The juvenile skeleton 
exhibits an active state of aerobic biologic condition, 
characterized by a high rate of cellular turnover and 
excellent blood supply (Carmichael, 1998; Piermattei 
et al., 2006), making these dogs potentially “healing 
machines.” 
Compared to an adult skeleton, the juvenile tibial 
cortex is thin, with low stiffness and strength, but 
highly ductile. The juvenile cortex is enveloped by 
a pliable, highly vascularized periosteal membrane, 
supporting the cortex as an external splint (Torzilli et 
al., 1981, 1982). However, this thin juvenile cortex has 
a low holding capacity for implants (Carmichael, 1998; 
Piermattei et al., 2006).
For minimally displaced diaphyseal fractures in young 
individuals, the conventional approach involves using 
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Abstract
Background: Pediatric fractures are relatively common in dogs, and several treatment options exist, particularly for 
fractures in the distal extremities. Regardless of the choice of treatment, the overall goal is rapid restoration and excellent 
long-term functional recovery, with minimal discomfort and morbidity during healing. This case series aims to report 
the long-term outcome after minimally invasive percutaneous elastic plate osteosynthesis (MIPEPO) in the treatment 
of pediatric tibial fractures in dogs and compare this to other treatment options, where all techniques emphasize 
biological osteosynthesis. We especially accentuate surgery time, patient comfort level during osteosynthesis, time to 
clinical union, and complications, including long-term follow-up.
Case Description: Medical records of five skeletally immature (juvenile) dogs <6 months old with an isolated 
tibial diaphyseal fracture or a combination of tibial and fibular diaphyseal fractures, treated with MIPEPO aided 
by fluoroscopy. All dogs experienced excellent levels of comfort and limb functionality and exhibited preserved 
muscle mass throughout the healing process. The mean duration until plate removal was 27.6 days, with a standard 
deviation [(SD) ± 9.61; range of 15–36 days] following the operation. Subsequently, four dogs underwent a follow-up 
examination approximately 1.5 years after plate removal, during which bilateral orthogonal radiographs of the tibia 
were obtained. These radiographs revealed minimal discrepancies in terms of limb length, frontal plane alignment, 
and rotational alignment. Furthermore, the owners expressed complete satisfaction with their dogs’ recovery and 
restoration of intended function.
Conclusion: MIPEPO is quick to perform and well tolerated, with rapid fracture healing in juvenile dogs and excellent 
long-term outcomes. It can be considered along with external fixators and external coaptation when dealing with 
juvenile diaphyseal fractures.
Keywords: Dogs, Fluoroscopy, Fractures, Juvenile, Minimally invasive percutaneous elastic plate osteosynthesis.

*Corresponding Author: Jon Andre Berg. Department of Preclinical Sciences and Pathology, Faculty of Veterinary Medicine, 
Norwegian University of Life Sciences, Ås, Norway. Email: jon.andre.berg@nmbu.no

Articles published in Open Veterinary Journal are licensed under a Creative Commons Attribution-NonCommercial 4.0 International License 

http://dx.doi.org/10.5455/OVJ.2023.v13.i12.23
https://orcid.org/0000-0001-5344-755X
mailto:jon.andre.berg@nmbu.no


http://www.openveterinaryjournal.com
J. A. Berg and B. K. Sævik Open Veterinary Journal, (2023), Vol. 13(12): 1744-1751

1745

external coaptation, particularly for fractures in the 
lower limbs. However, an alternative technique called 
elastic plate osteosynthesis has been found to be 
effective in treating both femoral and tibial diaphyseal 
fractures. This method addresses the limited implant 
fixation capabilities of the immature skeleton (Cabassu, 
2001; Sarrau et al., 2006). Other reported treatment 
options are external fixators, interlocking nails, hybrid 
variations of interlocking nails, and intramedullary 
pins in addition to external fixators (Shani and Shahar, 
2002; Duhautois, 2003; Gemmill et al., 2004; Nanai 
and Basinger, 2005; Aronsohn and Burk, 2009). 
The purpose of this case series is to contribute to 
the limited existing literature on the management of 
juvenile diaphyseal tibial fractures in dogs. The focus 
is on discussing the minimally invasive percutaneous 
elastic plate osteosynthesis (MIPEPO) technique 
and comparing it to other treatment options for 
these fractures, with an emphasis on approaches that 
prioritize biological osteosynthesis as highlighted by 
Palmer (1999). Specifically, factors such as the duration 
of surgery, the level of patient comfort during the bone 
healing process, the time required for the clinical bone 
union to occur, any complications that may arise, and 
the long-term follow-up of the patients. In this context, 
a clinical bone union is defined as the presence of a 
bridging callus or a callus of 50% of the diameter of the 
tibia at the fracture site in three of four cortices on two 
orthogonal views (Guiot and Dejardin, 2010), and the 
point at which the fracture has sufficiently healed, for 
the implants to be safely removed.

Case Details
The inclusion criteria for this study were complete 
medical records of dogs under 6 months old (juvenile) 
with a tibial diaphyseal fracture independently or 
combined with a diaphyseal fibular fracture (n = 5), 
seen from April 2020 to July 2021 at AniCura Jeløy 
Dyresykehus in Norway. All dogs were client-owned, 
and the owners signed consent forms for the treatment; 
there was no need for additional ethical approval. 
All surgeries were implemented by the first author. 
Fractures were classified descriptively (Piermattei et 
al., 2006), and the fracture localization within the tibia 
diaphysis was approximated to the proximal, middle, 
and distal third. In addition, all cases were managed 
with fluoroscopically aided MIPEPO. The complete 
medical record was studied, including radiographic 
confirmation of bone union. Long-term follow-up 
(>12 months) (Cook et al., 2010) includes orthogonal 
bilateral radiographs of the tibia. The tibial lengths 
were measured bilaterally and compared according to 
Radasch et al. (2008). Alignment in the frontal plane 
was assessed by calculating the mechanical medial 
proximal tibial angle (mMPTA) and mechanical medial 
distal tibial angle (mMDTA) (Dismukes et al., 2007). 
The tibial varus-valgus angle (TVA) was calculated, 

where TVA = [mMPTA + mMDTA] − 180 (Guiot and 
Déjardin, 2011).
Rotational alignment was subjectively described 
according to Guiot and Déjardin (2011), and 
complications were recorded according to Cook et al. 
(2010).
All dogs were ASA score I and pre-medicated with 
methadone (Semfortan: Dechra Veterinary Products 
AS) 0.3 mg/kg intramuscularly (IM) in combination 
with acepromazine (Plegicil Vet: Pharmaxim AB) 
0.01 mg/kg IM. One dog received fentanyl (Fentadon 
vet: Dechra Veterinary Products AS) 3 µg/kg/hour 
continuous rate infusion (CRI) in combination with 
acepromazine (Plegicil Vet: Pharmaxim AB) 0.01 
mg/kg IM. In addition, all dogs received maropitant 
(Cerenia: Zoetis Animal Health AS) 1 mg/kg 
subcutaneous (SC) pre-operatively and meloxicam 
(Metacam vet: Boehringer Ingelheim Animal Health 
Nordics AS) 0.2 mg/kg SC. 
After induction with propofol (PropoVet Multidose: 
Zoetis Animal Health AS) 4 mg/kg intravenously (IV) 
anesthesia was maintained with sevoflurane (SevoFlo: 
Zoetis Animal Health AS) in 100% oxygen. The 
affected limb was clipped and aseptically prepared 
with 4% chlorhexidine gluconate (Hibiscrub; Regent 
Medical Limited, 40 mg/ml) and chlorhexidine spirit 
(Fresenius Kabi Norge, 5 mg/ml). The dogs were 
placed in dorsal recumbency with the affected limb 
hanging from a drip stand. 
Proximal and distal stab incisions were made medially 
on the skin, and the percutaneous plate (Cuttable 
Plates 1.5/2.0 or 2.0/2.7 mm: DePuy Synthes) (Table 
1) was placed epiperiostealy from proximal to distal, 
in a previously bluntly dissected epiperiosteal soft 
tissue tunnel. The epiperiosteal tunnel was developed 
under the skin, by blunt dissection with a straight 
hemostatic forceps or a periosteal elevator, carefully 
sparing the medial saphenous artery and vein. 
The tunnel was extended from distal to proximal. 
Proximally the tendons of insertion of the sartorius, 
gracilis, and semitendinosus muscles were preserved 
(Hedequist and Sink, 2005; Beale and McCally, 2020). 
Precautions were taken to prevent interference with the 
proximal and distal physis (growth plates). To secure 
the plate, one self-tapping screw (DePuy Synthes) 
was used proximally, followed by manually reducing 
the fracture and performing spatial reconstruction, as 
described by Aron et al. (1995). The most distal self-
tapping screw was then applied. The two screws were 
tightened, and the remaining self-tapping screws were 
placed in a similar manner, all done under the guidance 
of fluoroscopy. The screw holes were drilled with a 
battery-driven drill (Colibri II: DePuy Synthes). Screw 
sizes are given in Table 1. The stab incisions were 
closed with a simple cross stitch of 1.5 poliglecaprone 
25 (Monocryl: Ethicon).
Postoperative orthogonal radiographs confirmed 
satisfactory reduction and plate placement before the 
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dogs were taken to the intensive care unit, where they 
were monitored during recovery from anesthesia. In 
addition, pain, temperature, and blood glucose were 
monitored until discharged. The following in-hospital 
postoperative medications were used for this purpose: 
meloxicam (Metacam vet: Boehringer Ingelheim 
Animal Health Nordics AS), 0.1 mg/kg orally once 
a day, methadone (Semfortan: Dechra Veterinary 
Products AS) 0.1–0.3 mg/kg (IM) or buprenorphine 
hydrochloride (Vetergesic vet: Orion Pharma Animal 
Health) 10 µg/kg (IM) or fentanyl (Fentadon vet: 
Dechra Veterinary Products AS) CRI 3 µg/kg/hour 
IV. The dogs were fed as soon as awake to prevent 
hypoglycemia. 
All dogs were ambulatory on the operated limb when 
discharged from the hospital, with a meloxicam 
prescription (Metacam vet: Boehringer Ingelheim 
Animal Health Nordics AS) 0.1 mg/kg once a day orally 
for 3–5 days. The owners were provided with specific, 
written instructions for strict postoperative restrictions, 
including keeping the dog on short leash walks and 
avoiding any play or jumping activities. A scheduled 
postoperative progress evaluation was planned, during 
which the clinical progress and radiographs would be 
assessed to determine if the plate removal was safe. 
Furthermore, the owners were advised to contact the 
clinic if they observed a lack of progress, deformity, or 
any pain related to the surgery.
All dogs were re-examined approximately 4 weeks 
postoperatively, evaluating limb usage, pain, muscle 
mass, and joint alignment. In addition, the dogs were 
examined radiographically for bone healing progress 

and to confirm clinical bone union before plate removal. 
Lameness was graded at the walk on a scale of 0–4 
(0: no lameness; 1: subtle weight-bearing lameness; 2: 
obvious weight-bearing lameness; 3: intermittent non-
weight-bearing lameness; 4: consistent non-weight-
bearing lameness). Long-term follow-up was available 
for four dogs, including clinic examination as well as 
bilateral orthogonal radiographs of the tibia. Moreover, 
the owners provided their subjective experience and 
evaluation of the overall outcome of the treatment. 
They categorized the outcome as excellent, indicating 
normal limb function; good, indicating slight lameness 
only after extensive exercise; fair, indicating slight-
to-moderate lameness but consistent weight-bearing; 
or poor, indicating consistent non-weight-bearing 
lameness.
Four males and one female of various breeds were 
included with a mean age of 15 weeks (SD ± 3.32 
weeks; range 12–20 weeks) and a mean weight of 8.53, 
(SD ± 4.36 kg; range 4.6–15.6 kg). Fracture causes were 
all minor traumas (Table 1). Notably, all fractures were 
closed; details of fracture configurations can be seen 
in Table 1. Proximal and distal physis were open and 
considered within normal limits radiographically in all 
dogs, including the apophysis of the tibial tuberosity. 
The mean surgical time was 25.4 minutes (SD ± 6.69; 
range 15–33 minutes), while the mean hospital stay 
was 16.8 hours (SD ± 6.10; range 8–24 hours). Implant 
sizes are given in Table 1.
At the initial re-examination, 15–36 days after the 
surgery, there were no signs of residual lameness, 
muscle atrophy, or any restrictions in the proximal and 

Table 1. Details regarding the dogs` breed, sex, cause of fracture, fracture side, classification and location, and whether the fibula 
was intact are given. The implants used are also outlined.

Case 
no.

Breed 
(sex) Cause Fractured 

tibia
Fracture 

Classification
Location 
fracture

Intact 
fibula Plate

No. of 
holes in 
the plate

Screw 
size

1 Pumi (M) Playing with a 
ball in the garden Right Oblique 

(incomplete)
Mid 
diaphysis Yes VCP 20 16

20

2
Deutscher 
Jagdterrier 

(M)

Playing with 
another dog Left Oblique Mid 

diaphysis No VCP 20 11
20

3
Collie 

long hair 
(F)

Jumping at the 
owner Left Spiral Mid 

diaphyseal Yes VCP 20 15 20

4
Collie 

long hair 
(M)

Falling out of 
owner’s bed Right Oblique Distal 

diaphysis Yes VCP 27 15 27

5 Gordon 
setter (M)

Playing in the 
garden Right Transverse Mid 

diaphysis No VCP 20 17 20

Case no.: cases numbered 1–5 with the same dedicated number throughout the manuscript; Sex: M = male, F = female; Cause: trauma involved 
when the bone fractured; Plate: VCP veterinary cuttable plate 20 and 27 mm; No. of holes in the plate, indicate the total number of holes in the 
plate: Screw size used all self-tapping screws, two proximal and two distal in each limb.
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distal joints. In all five dogs, the tibial growth plates 
(physis) were still open at the time when bone healing 
was confirmed, and the implants were removed. The 
mean duration for implant removal was thus 27.6 
days (SD ± 9.61; range 15–36 days). Four dogs were 
available for long-term follow-up (>12 months post 
plate removal) with a mean of 24.5 months (SD ± 
11.70; range 15–40 months). Both clinical examination 
and owners’ assessment of the dog showed that there 
were no abnormalities. Assessment on the bilateral 
tibial length and frontal plane TVA were of minimal 
disparity, and there was no unacceptable tibial 
rotational malalignment (Table 2). In one case, case no. 
4, a minor complication arose. There was a suspicion 
of post plate removal infection at the proximal stab 
incision. However, the bacteriological examination 
yielded negative results, and the clinical signs resolved 
after a 3-day treatment with local chlorhexidine swabs 
(Fresenius Kabi Norge, 1 mg/ml), used twice a day.

Discussion
Published studies on juvenile tibial diaphyseal fractures 
have reported a wide range of weights, varying from 
3.53 to 17.55 kg (Gemmill et al., 2004; Sarrau et al., 
2006; Aronsohn and Burk, 2009; Guiot and Déjardin, 
2011) where the cases reported here fall into the same 
weight range of 4.6–15.6 kg. While male dogs, as 
reported here, seem to be overrepresented (Libardoni 
et al., 2016), breeds represented will mainly depend on 
the composition of the canine population in the local 
area of the clinic in question.
Juvenile fractures, as reported in this study, frequently 
result from low-energy trauma (Zaal and Hazewinkel, 
1997; Carmichael, 1998; Sarrau et al., 2006; Aronsohn 
and Burk, 2009; Deahl et al., 2017). The fractures 
reported herein were closed isolated tibial diaphyseal 
fractures (three cases) or combined with a fibular 
diaphyseal fracture (two cases) (Table 1). 
Fracture forces need consideration when the repair 
technique is assessed, while the intact fibula is reported 
to aid in torsional stability by acting as an internal splint 
(Galbraith et al., 2016). Considering other treatment 

options for juvenile tibial diaphyseal fractures, based 
on the philosophy of closed reduction and biological 
osteosynthesis, external coaptation is frequently 
mentioned. The advantages of external coaptation, 
such as casts or splints, are no implant-related infection 
or need for specialized equipment (Leighton, 1991; 
Oakley, 1999; Weinstein and Ralphs, 2004). Regarding 
cost, it will usually end up equal to the surgery cost 
if there are no complications. However, external 
coaptation can cause serious complications that will 
not only prolong the healing time and morbidity for 
the patient but also increase the cost of the treatment 
significantly (Tomlinson, 1991; Weinstein and Ralphs, 
2004; Meeson et al., 2011). In addition, external 
coaptation needs to span the proximal and distal joints, 
with the possibility of atrophy of the articular cartilage 
and temporary joint stiffness (Leighton, 1991; Oakley, 
1999). In addition, the use of external coaptation 
can hinder the dog’s ability to have a “normal” gait 
during the healing period. Moreover, juvenile dogs 
tend to chew or bite on external coaptations, which 
can compromise their effectiveness. Successful use 
of external coaptation requires a high level of owner 
compliance. In addition, the suitability of external 
coaptation may vary in different geographical areas 
due to local climates and environmental factors. 
External fixators type 1a have been used successfully 
to treat juvenile independent tibial diaphyseal fractures 
(Aronsohn and Burk, 2009). Gemmill et al. (2004) 
encountered loose pins in two dogs utilizing a 2b frame. 
The authors did not provide clarification regarding 
whether the fracture involved only the tibia or if it was 
a combination fracture involving the fibula. However, 
they did conclude that the stiffness of the frame, 
influenced by the weight of the dog, led to increased 
shear stress at the interface between the bone and pins 
when weight was applied. This resulted in elevated 
strain and premature loosening of the pins. External 
fixators have been associated with a high occurrence 
of complications and potential for adverse effects 
(Johnson et al., 1989; Gemmill et al., 2004). Some of 
the problems with the earlier designs have improved in 

Table 2. Information about the age and weight of the dogs. Data on bilateral tibial length, mMPTA varus, mMDTA tibial angles, 
and the tibial plateau angle.

No Age BW Tib (R) Tib (L) mMPTA 
(R)

mMDTA 
(R) Varus (R) mMPTA 

(L)
mMDTA 

(L)
Varus 

(L)
TPA 
(L)

TPA 
(R)

1 31 12.1 143.2 146.7 88 97 5 90 98 8 23 23
2 36 10.2 138.2 139.5 86 97 3 88 97 5 23 23
3 24 19.5 203.5 204.2 87 96 3 88 97 5 22 22
5 25 24.5 240.5 237.2 88 98 6 89 97 6 21 22

No: Case number 1 Pumi; 2 Deutscher Jagdterrier; 3 Collie long hair; 5 Gordon setter, (4 Collie long hair not available for long term follow up, 
euthanized due to unrelated issues). Age: age in months; BW: body weight in kg; Tib (R): right tibial length in anterior-posterior position; Tib (L): 
left tibial length in anterior-posterior position; mMPTA (R): mechanical medial proximal tibial angle right side; mMDTA (R): mechanical medial 
distal tibial angle right side Varus (R): varus right tibia; mMPTA (L): mechanical medial proximal tibial angle left side; mMDTA (L): mechanical 
medial distal tibial angle left side. V L: varus left tibia, TPA (L), TPA (R): left and right tibial plateau angle. 
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terms of complication but not in time-to-frame removal 
(Johnson and Schaeffer, 2008). Another drawback with 
an external fixator is that it makes the dog walk with 
broader stans. Moreover, the external fixators can cause 
harm to the dog, owners and furniture.
There have been reports on various treatment 
approaches for juvenile diaphyseal fractures in 
dogs, including the use of intramedullary devices in 
combination with external fixators, interlocking nails, 
and hybrids (Shani and Shahar, 2002; Duhautois, 
2003; Nanai and Basinger, 2005). However, the use 
of intramedullary devices carries potential risks, such 
as damage to the cranial part of the proximal physis, 
which can lead to early closure and the development 
of abnormal tibial plateau angles. Currently, based on 
available information, it is advisable to avoid the use of 
intramedullary devices in the management of juvenile 
tibial diaphyseal fractures (Bjerkreim and Langård, 
1983). Retrieving the device later in life may be 
challenging, and it appears to be an excessive amount 
of hardware for achieving the ultimate goal of rapid 
fracture healing, minimal discomfort for the animal, 
and excellent long-term functional outcomes.
The surgery time reported in this study, with a mean 
of 25.4 minutes, is consistent with the reported times 
for type 1a external fixators (Aronsohn and Burk, 
2009). Surgery time is crucial as it reduces the risk of 
infections, particularly when combined with a low ASA 
score (Nicholson et al., 2002; Eugster et al., 2004). In 
addition, it decreases the patient’s anesthesia time and 
overall cost (Nicholson et al., 2002).
All the cases reported in this study had an ASA score 
of 1, and antibiotics were not used in these cases. 
There were no postoperative complications requiring 
antibiotics, except for a suspicious infection after plate 
removal, which was managed with local chlorhexidine 
swabs, and no aerobe bacterial growth was identified on 
bacteriological examination. The use of intraoperative 
and postoperative antibiotics in the treatment of 
juvenile dog fractures is not consistently reported in the 
literature (Cabassu, 2001; Peirone et al., 2002; Sarrau 
et al., 2006), while other publications do mention 
their use (Aronsohn and Burk, 2009; Cabassu, 2019). 
Considering the short surgery time, low ASA score, 
minimal surgical approach, relatively high oxygen 
tension at the fracture site, short hospital stay, and the 
global increase in antibacterial resistance, antibiotics 
may be unnecessary in these cases (Jian et al., 2021; 
Sjoberg et al., 2023).
The use of fluoroscopy during MIPEPO offers several 
advantages. It provides illumination of the growth 
plate, facilitating the avoidance of spanning the 
physis during implant placement. Fluoroscopy also 
allows visualization of the fracture, plate, and their 
relationship, aiding in the spatial alignment of the 
bone (Hudson et al., 2009). However, it is important 
to note that fluoroscopy carries potential health hazards 
to the surgical team due to ionizing radiation, and 

measures should be taken to minimize exposure (FDA, 
2020; Ojodu et al., 2018). It is worth mentioning that 
fluoroscopy is not mandatory for performing MIPEPO 
specifically related to the tibia (Cabassu, 2019).
In this case series we defined bone clinical union 
according to Guiot and Déjardin (2011), which 
correspond to the time to implant removal, with a 
mean duration of 27.6 days. This is comparable to the 
results reported for the use of type 1a external fixators 
(Aronsohn and Burk, 2009), but shorter than the 
durations reported in other publications (Basinger and 
Suber, 2004; Gemmill et al., 2004; Sarrau et al., 2006; 
Guiot and Déjardin, 2011). It is important to recognize 
that clinical union precedes radiographic union, and 
the time to implant removal is based on individual 
veterinary surgeons’ interpretation of radiographic and 
clinical information (Gemmill et al., 2004).
Two of the cases in this report were scheduled during 
the summer holiday period, and as a result, their plate 
removal surgeries were postponed by 1 week due to the 
owners and dogs being on vacation. It can be speculated 
that if these cases were not affected by the holiday, the 
time to implant removal could potentially have been 
reduced. However, it is important to note that in other 
publications reporting clinical bone union, the timing 
may be influenced by owners returning their dogs for 
follow-up evaluations. It is worth considering that the 
quicker the recovery, the sooner the dog can return to 
regular activity.
The removal of implants is recommended in juvenile 
patients due to the potential for long-term morbidity 
when the implants become difficult to remove due to 
bone ingrowth (Abdelgawad et al., 2013; Piermattei et 
al., 2006).
Regardless of the specific techniques used for reduction 
and fixation, achieving adequate length and alignment 
in all planes is crucial for functional recovery. In the 
cases presented in this study, long-term postoperative 
radiographs were taken to evaluate tibial length and 
alignment in both the frontal and sagittal planes. These 
radiographs showed only minor disparities between the 
left and right sides, well within the acceptable range 
for successful outcomes (Dismukes et al., 2007, 2008).
The use of minimally invasive osteosynthesis (MIO) 
in fracture treatment has gained popularity in small 
animal surgery, with reported advantages including 
reduced surgical time, decreased infection rate, faster 
healing, and fewer complications (Schmökel et al., 
2003, 2007; Hudson et al., 2009; Guiot and Déjardin, 
2011; Mahbubur Rahman et al., 2017). However, 
direct comparisons between MIO and open surgical 
techniques are scarce in the field of small animal 
surgery (Dudley et al., 1997; Boero Baroncelli et al., 
2012; Pozzi et al., 2013; Xu et al., 2015). Nevertheless, 
one study reported faster bone healing with MIO 
compared to open reduction and internal fixation 
(Pozzi et al., 2012).
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In this retrospective case series, excellent outcomes 
were achieved by employing MIPEPO for the 
management of independent tibial diaphyseal fractures 
or fractures combined with fibular diaphyseal fractures 
in five juvenile dogs. The dogs were able to bear weight 
on the operated limb within 24 hours after surgery, 
which is consistent with findings from a previous 
publication (Aronsohn and Burk, 2009). None of the 
dogs exhibited lameness at the first postoperative 
examination, and the range of motion in the joints 
proximal and distal to the fracture was comparable to 
the contralateral limb, with symmetrical muscle mass. 
The use of MIPEPO facilitated rapid clinical bone 
union while preserving limb function, and long-term 
follow-up indicated excellent outcomes with no major 
complications.
In conclusion, although this retrospective case series has 
limitations, such as a small sample size and the absence 
of a control group, MIPEPO appears to be an effective 
and efficient technique for achieving rapid clinical bone 
union in juvenile tibial diaphyseal fractures in dogs. 
The technique provides benefits such as normal gait 
during the healing process and minimal maintenance 
for the owners. In addition, based on the findings of 
this study, the use of antibiotics in these cases seems 
unnecessary. Therefore, MIPEPO should be considered 
a viable option for treating juvenile tibial diaphyseal 
fractures in dogs. On the other hand, advanced training 
and purchasing specialized equipment like fluoroscopy 
are involved.
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