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Abstract : The objective of this study was to evaluate the effectiveness of the minimally invasive plate osteosynthesis
(MIPO) method for treatment of tibial shaft fractures in dogs by comparing MIPO radiographic and fracture healing
time results with those from the popular open reduction and internal fixation (ORIF) technique. In this clinical study
at the Royal Animal Medical Center, five consecutive dogs with diagnoses of comminuted tibial shaft fractures were
treated with the MIPO surgical approach. For comparison, an additional five breed-, age-, and weight-matched dogs
with comminuted tibial shaft fractures were treated with the ORIF technique. Mean healing time was 75.6 ± 12.5 days
in the MIPO group and 131.8 ± 18.6 days in the ORIF group (p < 0.01). The mean surgery time in the MIPO group
(36.4 ± 3.5 minutes) was significantly shorter (p < 0.01) than that for the ORIF group (47.0 ± 2.2 minutes). Based on
the short surgical and healing times, the MIPO approach is clinically superior to the ORIF approach and should be
the preferred approach in tibial fracture cases.
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Introduction

Tibial shaft fractures are a common orthopedic problem in

dogs. Lack of soft tissue, their subcutaneous nature, and poor

vasculature in that area make these fractures very prone to

develop complications. Currently, surgical treatment of distal

tibial fractures includes several options including external fixa-

tion, intramedullary (IM) nailing, open reduction and internal

fixation (ORIF), and minimally invasive plate osteosynthesis

(MIPO) (14). Unfortunately, all of those techniques have dis-

advantages. Among the fixation techniques, ORIF using bone

plates remains a common practice in tibial fractures due to

that approach’s ability to facilitate fragment observation and

reduction through direct visual observation and manipula-

tion. However, ORIF may hamper the blood supply to the

fracture site due to additional surgical trauma, which may

increase the complication rate and delay bone healing (6). In

contrast, the superiority of the MIPO approach has been

reported recently (4,6,11,14,17). Currently, MIPO is popular

and considered an effective modern surgical technique because

it minimizes dissection of broken bone fragments, preserves

vascularity and soft tissue, reduces surgical trauma, and in-

creases healing potential. It is reported to be a safe, effective

method for both comminuted and simple fractures and pro-

vides adequate stability (9).

Indeed, there are many factors that affect the fracture heal-

ing rate such as age, sex, health status, fracture type, soft tissue

trauma severity, surgeon skill, fixation of the fracture edges,

fracture fixation technique, and postoperative care (10). We

are unaware of previous clinical reports on the use of MIPO

in tibial fractures in dogs in Korea. In this study, five dogs

with diagnoses of complete tibial shaft fracture were surgi-

cally treated via the MIPO approach by surgeon Dr. In-Seong

Jeong with assistance of the other authors. The dogs received

the same postoperative care to reduce other factors that may

influence the healing process. Additionally, five breed- age-

and weight-matched dogs with tibial shaft fracture were

selected as controls and underwent conventional ORIF sur-

gery by Dr. In-Seong Jeong. The objective of this study was

to compare the clinical and radiological results obtained from

the MIPO and ORIF techniques.

Case

Five dogs admitted to the Royal Animal Medical Center

with a tibial shaft fracture were subsequently treated with the

MIPO technique. Radiographic post-surgical follow-up of

bone healing was evaluated. Craniocaudal and mediolateral

preoperative radiographs of the injured and contralateral tibia

were obtained to identify fracture condition and location and

to select a plate of the appropriate length. The selected plate

was then contoured to reflect the radiograph of the contralat-

eral tibia. Different broad dynamic compression plates (DCP)

selected according to the size and weight of the dogs were

used.

Animals were anesthetized according to standard proto-
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cols in our hospital. Systemic antibiotics (cephradine, 30 mg/

kg, intravenously; enrofloxacin, 10 mg/kg, intramuscular; CTC

Bio) and a pain killer (tramadol, 3 mg/kg, intravenously; Jeil

Pharmaceutical) were administered at induction, and sevoflu-

rane inhalant (1-5%; Korean Abbot) was used to maintain

anesthesia. After shaving the entire affected leg, aseptic prep-

aration, clipping, and draping were performed. The animal

was positioned in lateral recumbency. Proximal and distal

incisions were made in the affected tibia. An epi-periosteal

tunnel was made between the two skin incisions with long,

blunt scissors. The plate was passed progressively through

the tunnel from the proximal to the distal incision and against

the tibia, until visible through the distal incision. Cortical

screws (n = 2-4) were placed firstly in the proximal holes of

the plate to avoid torsional malalignment because of the tri-

angular shape of the proximal tibia, which can force the dis-

tal tibia to rotate externally during screw tightening. The

fracture was then reduced and positioned appropriately. The

distal plate holes were then filled with screws. The incisions

were then closed routinely in layers by using monofilament

absorbable sutures and skin staples or nylon thread (Fig 1).

Immediately after surgery, radiographs were obtained to con-

firm proper surgical placement. A modified Robert-Jones

bandage was then applied and maintained for a minimum of

2-5 days to control postoperative swelling. All animals were

kept in the intensive care unit of the hospital until release.

After release from the hospital, activity was restricted to

short leash walks and the dog was kept indoors for 6 to 10

weeks. Subsequently, all owners were contacted by telephone

to complete a questionnaire and were asked to bring their

animal to the hospital for radiographic evaluation.

A second group of five dogs with comminuted fractures of

the tibia were treated at the Royal Animal Medical Center by

using the ORIF approach. The second group was breed-, age-,

weight-matched with the dogs in the MIPO group. The clini-

cal characteristics, outcome, and radiographic evaluation

results of the MIPO and ORIF groups were compared. The

clinical characteristics and outcomes of both groups are sum-

marized in Table 1. Representative radiographic results are

displayed in Figs 2 and 3. The mean fracture healing time of

the MIPO group (75.6 ± 12.5 days) was significantly (p <

0.01) shorter than that of the ORIF group (131.8 ± 18.6 days

(Table 1 and Fig 4). Moreover, the mean surgery time of the

MIPO group (36.4 ± 3.5 minutes) was significantly shorter

Fig 1. Representative intra-operative photographic images of a tibial fracture being treated by minimally invasive plate osteosynthesis.

Table 1. Comparison of clinical characteristics and results of dogs treated by MIPO or ORIF

Breeds Age (year)/sex Weight (kg) BCS (out of 9) Fracture site
Surgery time

(min)

Healing time 

(days)

MIPO ORIF MIPO ORIF MIPO ORIF MIPO ORIF MIPO ORIF MIPO ORIF

1 Siamese 7 /F 6 /F 3.6 3.2 5 5 2-2/L 2-2/R 36 42 59 85

2
Russian 

blue
1.5/F 2 /M 2.8 3.1 4 4 2-2/R 2-2/R 45 52 75 100

3 Maltese 6 /F 5 /F 2.2 2.2 4 4 4-2/R 4-2/L 32 47 80 150

4
Yorkshire 

Terrier
13/F 12 /F 5.2 4.8 5 4 4-2/L 2-3/R 43 52 119 190

5 Poodle 0.74/F 1 /F 5.3 5.3 4 4 4-2/R 4-2/R 26 42 45 134
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(p < 0.01) than mean surgery time of the ORIF group (47.0 ±

2.2 minutes).

Discussion

The results of our study suggest that treatment of commi-

nuted tibial fractures in dogs by applying the MIPO tech-

nique can result in good radiologic and clinical outcomes,

thus suggesting it is an effective alternative to conventional

fixation methods such as ORIF. Our results are consistent

with those reported by others (4,6,11,14,17). However, there

are also contrasting reports (1). Direct comparison of our

results with those in other reports is unwise because fracture

healing is influenced by many factors including age, sex, health

status, fracture type, soft tissue trauma severity, and surgeon

skills, fracture fixation technique, and postoperative care. To

take into account some of those factors we compared breed-

age- and weight-matched MIPO or ORIF groups and with

the surgery performed by the same surgeon (Dr. In-Seong

Jeong). The results were compared to determine if dogs man-

aged with MIPO have different outcomes from those in dogs

managed with ORIF.

Most MIPO-treated dogs healed within 80 days except for

case number 4 which healed at 119 days. The age of this dog

was 13 years, which may have affected the healing process

because healing is greatly influenced by patient age (6).

Moreover, case number 4 had a complete complex fracture.

Among the ORIF-treated dogs, only one (case number 1)

healed in less than 100 days. 

ORIF is a more popular technique than other techniques

such as external fixation and IM nailing due to the ORIF

approach facilitating fragment observation and reduction

through direct visual observation and manipulation. How-

ever, postoperative care following placement of an external

fixator is not easy for all owners. Thus, many owners prefer

their pets’ fractures to be corrected by internal fixation.

Although an internal fixator, the ORIF approach has disad-

vantages; in particular, it is associated with delayed healing

time due to surgery-related additional injury to soft tissue and

vascularization. Blood circulation in bone is important for

healing and regeneration and is mainly provided by two

ways: endosteal circulation and exogenous circulation through

Fig 3. Preoperative (a) postoperative (b), postoperative final (c)

radiographs of case no. 4, treated with minimally invasive per-

cutaneous osteosynthesis.

Fig 2. Preoperative (a) postoperative (b), postoperative final (c)

radiographs of case no. 3, treated with minimally invasive per-

cutaneous osteosynthesis.

Fig 4. MIPO had clinical healing time superiority over ORIF.

Data presented as mean ± SD values (n = 5 per group). Ana-

lyzed by Bonferroni post hoc test following one-way ANOVA

of MIPO versus ORIF results (n = 5 **: p < 0.01).
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soft tissue vessels. However, endosteal circulation breaks

down in cases of complete fracture and in such cases, bone

tissue totally depends on exogenous circulation (8,13). In

ORIF surgery, the external circulation system is also affected

negatively due to the additional soft tissue and vascular sys-

tem injuries, thus leading to delayed healing. To overcome

these disadvantages, the MIPO technique can be used. In

human surgery, the use of MIPO helps control surgical frac-

ture treatment complications, such as infection and the devel-

opment of non-unions (7). In addition, MIPO has a low

negative effect on soft tissue vascularization.

Recently, MIPO has become more popular than ORIF in

human surgery (4,12,17). Nonetheless, there are few reports

about its application in veterinary practice, and there are con-

trasting indications about its efficacy. In one study, there was

no significant difference in healing and healing time between

two treatment groups (1). However, the authors mentioned

the presence of study limitations and suggested that their

results should be cautiously interpreted. Another interesting

experiment (15) was performed on two groups of beagle

dogs (aged 2 years old with an average weight of 16 kg).

One group was approached with MIPO and another ORIF

techniques after making artificial fracture by osteotomy by

using swing saw in the same position of the ulna and with the

same size (1.5 cm), where all influencing factors provided

equally. Clinical outcomes, mineralization, and fracture heal-

ing were evaluated by different ways such as radio-graphi-

cally, histomorphometrically by fluorescent quantification and

by micro-computed topography. Similar to our results, the

MIPO results were clearly superior to those from ORIF. In

addition, the mean surgery time in our MIPO group was sig-

nificantly shorter than that in the ORIF group likes Chen et al

(2); a further benefit of MIPO over ORIF. We believe that

this difference also depends on the skills of the surgeon per-

forming the two techniques. In this study, the same surgeon

performed all surgeries. 

Conclusion

In this study, two different types of surgical techniques

(MIPO and ORIF) were used to treat tibial shaft fractures.

Compared to the open surgical approach (ORIF), the closed

approach (MIPO) resulted in a shorter surgical duration,

shorter healing period, and good radiographic results. On

those bases, we conclude that MIPO should be the preferred

approach in tibial shaft fracture cases in dogs.
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