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Simple Summary: A one-year-old spayed female Poodle dog weighing 1.7 kg was presented, with an open
wound, and a fracture in the right forelimb. The skin defect was reconstructed with an advancement flap, and
the radial bone defect was repaired with an ulnar bone graft and a titanium T-shaped plate. The dog made a
good recovery and was able to bear weight on the affected limb four months after surgery. This case report
suggests that autologous ulnar grafts can be a good option for replacement material in cases of radial bone loss.

Abstract: This case report describes the successful repair of a radial bone fracture and skin defect in a dog using
an ulnar bone graft and an advancement flap. A one-year-old spayed female Poodle dog weighing 1.7 kg was
brought in with non-weight-bearing lameness, an open wound, and a fracture in the right forelimb. The dog
had fallen off the bicycle being ridden by its owner, causing its right forelimb to be caught in the wheel. The
treatment included surgical debridement of the necrotic tissue, skin reconstruction with an advancement flap,
and radial bone reconstruction with an ulnar bone graft, bone morphogenetic protein (BMP), humeral
cancellous bone and a titanium T-shaped plate. Postoperative management included antibiotics, pain
medication, and activity restriction. The dog made a good recovery and was able to bear weight on the affected
limb four months after surgery.
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1. Introduction

Open wounds can be characterized by the loss of a layer of full-thickness skin, carry a risk of
infection due to exposure to a foreign material, and result from traumatic degloving and shear
injuries, lacerations, avulsions, envenomation, burns, abscesses, necrotizing vasculitis, incisional
dehiscence, and open surgery [1]. Treating skin defects of the limbs in dogs and cats can be
challenging due to limited skin availability [2]. The advantages of reconstruction with a skin flap is
the blood flow supply of the flap and the staged primary closure [3, 4]. Alternatively, for open
wounds of the distal limbs, skin damage can be managed, and the effect of a two-staged treatment
approach may be improved [5]. In wounds involving the extremities, injuries to the nerves, muscles,
tendons, blood vessels, and bones can be diagnosed by evaluating the function of the parts distal to
the injury site [6].

The naming of bone transplants is based on their origin and composition. Autograft
transplantation is when tissue is taken from a donor site and transplanted to a recipient within the
same individual [7]. A diagnosis of fracture nonunion is based on radiological evidence, such as
hypertrophy or atrophy of bone fragments, defects between the fracture ends, sclerosis, and a closed
bone marrow cavity [8]. Among the 582 total fractures in dogs and cats, twenty (3.4%) were reported
as nonunion. Implant failure and refracture seemed to occur, and the radius, ulna, and femur seemed
to be the most affected [9]. Cancellous bone grafting has proven to be a very successful method for
treating primary fractures showing nonunion and delayed healing, as well as arthritis and chronic
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myelitis, in dogs. This technique is highly regarded in the field of orthopedics because it promotes
bone formation and stimulates the healing of fractures, making it the gold standard among such
procedures [10, 11]. Segmental defects and delayed union for fractures of long bones continue to
present significant challenges for orthopedic surgeons. Complex open fractures can create asymmetry
in essential anatomical structures, leading to impaired functionality [12]. Another study suggested
that tail vertebral autografts are a new source of long bone defects in dogs [13]. The aim of this study
is to introduce the use of ulnar bone grafting and skin flap reconstruction for radius bone defects and
open wounds in a dog.

2. Case Presentation
2.1. History and Clinical Examination

A one-year-old spayed female Poodle dog weighing 1.7 kg was brought in with non-weight-
bearing lameness, an open wound, and a fracture in the right forelimb. The dog had fallen off the
bicycle being ridden by its owner, causing its right forelimb to be caught in the wheel. As a result, the
dog was brought to an animal hospital for treatment. During the visit, it was observed that the right
forelimb was unable to bear any weight, and there were visible abrasions and lacerations on the skin.
Subcutaneous tissues and muscle were visually exposed due to laceration of the metacarpal pad and
the 2nd, 3rd, and 4th digit pads from the shoulder joint to the inside of the distal part of the forelimb
(Figure 1 A, B, and C). Radiography confirmed that the diaphysis of the 5th proximal phalanx was
fractured, and the middle and distal phalanx were severely damaged. A bone defect of approximately
1.8 cm was identified in the right radial diaphysis, and there was no specificity for the chest, abdomen,
or both hindlimbs except for minor abrasions on the left forelimb (Figure 1A, B, and C). On
ultrasonography, there was no specificity except for the presence of echogenic sludge in the urinary
bladder.

©

Figure 1. Images of the wound, skin, and bone defect on the right forelimb. (A) At the time of hospital admission,
skin laceration and abrasion were evident. (B) The metacarpal, 2nd, 3rd, and 4th digit pads were lacerated, and
the proximal fragment on the radius was shown. (C) In the radiograph, the radius was defective. R: right.
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The owner was told to watch for other clinical symptoms while the dog was hospitalized for 3
days, and butorphanol (0.1 mg/kg, Myungmoon Pharm Co., Korea) was injected into the dog as first
aid. In addition, Hartman-D (Hartman-D Solution 500 mL, HK inno. N Corp, Korea) was infused at
a rate of 5 ml/kg/hr intravenously to maintain adequate perfusion and circulation. The TLK complex
[tramadol (tramadol loading dose (2 mg/kg) and infusion of tramadol (1.3 mg/kg/hour), lidocaine (3
mg/kg/hour, 2% Lidocaine Inj, Jeil Pharmaceutical Co., Korea), and ketamine (0.6 mg/kg/hour,
Ketamine HCI Injection Huons, HUONS Co., Korea)] (1 ml/hr IV by constant rate infusion) was
administered for pain control; cefotaxime IV (20 mg/kg TID) and metronidazole (10 mg/kg IV, q12h)
were administered for secondary infection; and famotidine (0.5 mg/kg, q12h, IV, Gaster, Donga ST,
Korea) was administered for gastrointestinal protection for three days during hospitalization. The
open wound was managed by applying sugar twice a day. Three days after injury, a surgical
procedure was carried out to remove the necrotic tissue in the right forelimb, which had lacerations,
and to reconstruct the skin. In addition, Hartman-D (Hartman-D Solution 500 mL, HK inno. N Corp,
Korea) was administered at an infusion rate of 5 ml/kg/hr intravenously to maintain adequate
perfusion and circulation during surgery.

2.2. Preoperative Management and Anesthesia for Skin Reconstruction

Cefazolin (25 mg/kg, q12h, Cefazolin Inj. Chong Kun Dang Pharm, Korea), and meloxicam (0.1
mg/kg, q24h, Meloxicam inj., Boehringer Ingelheim Vetmedica GmbH, Germany) was injected
intravenously and subcutaneously for premedication. Propofol (10 mg/kg, Provive, Myungmoon
Pharm, Korea) was injected intravenously for anesthesia induction. Prior to surgery, betadine
(povidone iodine, Sungkwang Pharm., Korea) was applied to the surgical site, and after 20 minutes,
the beta band was removed with 70% alcohol, and the affected area was thoroughly disinfected. Next,
a sterile surgical cloth was used to widely cover the affected area to prevent contamination. Cefazolin
was injected intravenously. Butorphanol (0.1 mg/kg, Myungmoon Pharm Co., Korea) was
administered as a premedication for anesthesia. Propofol (10 mg/kg, Provive, Myungmoon Pharm,
Korea) was injected intravenously as a preanaesthetic for tracheal intubation, and the dog was placed
in the dorsal recumbency position for surgery.

After intubation using an endotracheal tube (Rushelit, size ID 3.5 mm, OD 5.3 mm, Teleflex,
Malaysia), general anesthesia was induced with isoflurane (Ifran, Hana Pharm, Korea) by forced
breathing circulation using a respiratory anesthetic machine (Drager primus, Dragerwerk AG & Co.
KGaA, Germany) with a volume of 20 to 30 cc. In addition, normal saline (a 100 ml bag of saline,
Sejung Korea, Korea) was administered intravenously to maintain adequate perfusion and circulation
during surgery. In addition, normal saline (a 100 ml bag of saline, Sejung, Korea) was administered
intravenously at an infusion rate of 5 ml/kg/hr to maintain adequate perfusion and circulation during
surgery.

2.3. Surgical Procedures and Postoperative Management

The skin had a long open wound from the axillary part to the carpal joint medially. There were
some black necrotizing tissues around the periphery of the skin (Figure 2A). The blackened
necrotizing skin tissue was trimmed for suturing, and the spare tissue was identified to align the
apposition (Figure 2B). The skin was sutured in a reverse Y-shape with 4-0 nylon sutures in an
interrupted suture pattern (Figure 2C). Postoperative analgesia was induced with gabapentin (10
mg/kg, q12h, Gabalep Cap., Chong Kun Dang Pharmaceutical Corp., Korea) and tramadol (2 mg/kg,
Tridol Inj. Wuhan Corp, Korea) every 12 hours for 5 days. Prophylactic intravenous antibiotics,
cefazolin (25 mg/kg, q12h, IV, cefazolin inj., Chong Kun Dang Pharmaceutical Corp., Korea) and
famotidine were used for gastric protection twice a day for five days.

Two days after surgery, the middle of the sutures turned black, and necrosis continued to
progress (Figure 2D). The forearm was also swollen, and serous exudate was observed between the
sutures. Sugar dressing was applied to the necrotizing tissues. Ten days after surgery, the necrotic
area was naturally detached, and a healthy granulation bed was identified. The skin was then
epithelialized at the periphery and showed no signs of infection or complications (Figure 2E). Fifteen
days after surgery, the open wound on the skin was fully repaired.
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Figure 2. Photographicimage of the advancement flap and wound bed on the medial aspect of the right forelimb.
(A) Open wound with exposed subcutaneous tissue and muscle. (B) Necrotizing tissues were removed, and
trimming was performed for suturing. (C) The suture was complete. (D) Two days after surgery, necrotizing
tissues were observed in the middle of the suture. (E) Twelve days after surgery, second intention wound healing
aided by the application of sugar was observed. It appeared to be epithelialization.

2.4. Surgical Intervention for an Ulnar Bone Autograft

Weight-bearing was not possible due to the loss of the radial bone in the right forelimb. The dog
underwent surgical intervention with cortical bone autografts seven days after discharge. The blood
test results were unremarkable. The entire process of anesthesia induction, the type and dose of drugs
administered, and the disinfection procedure for surgery were performed in the same manner as in
skin reconstruction. To promote osteogenic properties, the cranial surface of the right proximal
humerus was clipped and disinfected to collect cancellous bone. Both forelimbs were also clipped
and disinfected at the same time.

2.5. Intraoperative Procedure

First, the dog was anesthetized and placed in the left lateral recumbency position to collect
cancellous bone grafts. The skin was dissected to loosen the fascia to expose the greater tubercle of
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the humerus and the tendon of the insertion of the infraspinatus. The entry point was located
immediately cranial to the insertion of the infraspinatus tendon. The first hole was created using a
1.5 drill bit. Then, the hole in the humerus was extended through the thin cortical bone by using a
bone curette. The cancellous bone was then collected. It was stored with recombinant human bone
morphogenetic protein-2 (rthBMP-2, Novosis, Dewoong Pharmaceutical Company, Seoul, Korea)
until it was transplanted into a sterilized bowl with blood-soaked gauze (Figure 3A). The
subcutaneous tissues and skin were closed.

For autologous ulnar transplantation, 15 mm of the diaphysis of the ulna was collected through
an incision in the middle of the left forearm using a sagittal saw (Stryker TPS System, Stryker,
Kalamazoo, Michigan, United States) (Figure 3B and C). The collected ulnar bone was protected with
gauze soaked in saline until transplantation. The incision in the left forearm was routinely sutured.
A cranial lateral approach to the right forearm was used for the transplantation of the radius bone
defect. The edge of the atrophied bone was arranged using a single bone rongeur (12 cm, Mabson
Industry, Pakistan), and the bone marrow cavity was widened using a 1.2 mm K-wire (1.2 mmx229
mm, General Vet Products, Australia). A 1.5 mm titanium T-shaped plate (Radius Reduction Plate TH
type, Doiff, Korea) was placed on the bone defect to check its size (Figure 4A), one 1.5 mm screw was
inserted into the proximal radius bone, and the remaining 1.5 mm screws were inserted alternately
into the collected ulnar bone and radius bone. It was inserted through the cortical bone opposite to
the ulnar and radius bone (Figure 4B). Cancellous bone collected from the nonaffected humerus and
BMP were transplanted at both ends of the fractured radius bone and around the ulnar bone
fragments (Figure 4C). The muscles, subcutaneous tissue, and skin were routinely sutured.

©

Figure 3. Autogenous cancellous bone and ulnar bone collection. (A) Cancellous bone and bone morphogenic
protein collected from the left humerus bone were mixed. (B) It was collected from the left ulnar bone. (C) In the
radiograph, the removed ulnar bone was identified.
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Figure 4. The operative process of transplanting a radius bone defect into the ulnar bone. (A) A T-shaped plate
was used to determine the length and location of screw insertion. (B) Proximal radius bone fragments and the
transplanted ulnar bone were positioned with a 1.5 mm screw. (C) A mixture of cancellous bone collected from
the nonaffected humerus and BMP was transplanted around the ulnar cortical bone graft.

2.6. Postoperative Management and Radiographic Evaluation

A Robert Johnson bandage was applied for two weeks and then replaced every three days to
check for skin healing and edema. Tramadol (2 mg/kg) and cefazolin (22 mg/kg) were administered
intravenously for 3 days as pain controls and antibiotics, respectively. Subsequently, cephalexin 22
mg/kg (25 mg/kg, q12h, Cephalexin cap. Ildong Pharm, Korea), famotidine 0.5 mg/kg (0.5 mg/kg,
q12h, Gaster, Donga ST, Korea), tramadol 2 mg/kg, and streptokinase 0.5T were prescribed as oral
drugs for 5 days. After discharge, the dog was presented once every three days to check her condition
and to undergo laser treatment. The owner was asked to restrict activity at home per the surgeon’s
instructions. The dog was not allowed to bear weight on postoperative day 1, and there was BMP and
autogenous cancellous bone around the transplanted ulnar (Figure 5A).

Slight weight bearing was allowed on postoperative day 65. On postoperative day 65, the callus
was more abundant than before, the autologous ulnar bone fragment was fused with the existing
radius, and the implant was stable. (Figure 5B). On postoperative day 142, the callus at the fracture
end had invaded the ulnar bone fragments grafted in the fracture gap and was much thicker than
before the initial presentation. Slight lameness was still observed upon walking and trotting (Figure
5C). On postoperative day 233, the transplanted ulnar bone was stable, with further increased
radiopacity at both ends on the ventral side of the plate. There was no longer any lameness upon
walking (Figure 5D).
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Figure 5. Lateral radiographs of the right radius and ulna of a dog on days 1, 65, 142 and 233 (from left to right).
(A) On day 1, there was an interfragmentary space in the grafted radius, with cancellous bone and BMP
surrounding it. R: Right. (B) On day 65, the callus at the end of the fracture had fused with the autologous ulnar
bone fragments, and the fracture ends were connected to the existing radius. R: Right. (C) On day 142, the callus
from the fracture ends had invaded the ulnar bone fragments grafted in the fracture gap. (D) On day 233, the
radiographs revealed the fracture ends of the radius in proper alignment and the bone plate in position. It was
confirmed that the formed callus was connected to the cortical bone, which increased the bone density. R: Right.

3. Discussion

This patient presented with a full-thickness skin defect and bone loss with radial fracture
following bicycle trauma. This report describes the repair of the radial bone using an ulnar cortical
bone graft and an advancement flap for the reconstruction of a skin defect of the medial forelimb at
the elbow level. The mobile skin of dogs and cats lends to large pedicles or free grafts; therefore,
several strategies exist for closing wounds on the trunk and extremities. In dogs and cats,
reconstructive techniques used for repairing skin defects using skin fold advancement flaps have
been described [14]. In this case, some necrotic tissue was surgically debrided from the forearm, and
reconstruction was attempted with an advancement flap of viable tissue retrieved dorsally, as shown
in Figure 2A and 2C. In a study of skin reconstruction with axial flaps in 73 dogs and cats, 64 dogs
suffered adverse events, with necrosis occurring in 23 of them [15].

As shown in Figure 2D, necrosis developed in the flap-applied area on postoperative day 2, but
the treatment strategy involved a second intervention involving the use of sugar. In secondary intent
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healing, the process of epithelialization involves the migration of epithelial cells from the epithelial
edge across the wound surface [16]. Numerous techniques for managing contaminated wound beds
have been described in veterinary literature. The application of sugar to contaminated wounds has a
good effect [17]. It has been suggested that the increase in osmolarity caused by the use of sugar
causes a decrease in free water available for bacterial replication, which inhibits bacterial growth and
stimulates the influx of macrophages and lymphatic fluid, which promotes granulation tissue
formation and epithelialization [18].

Figure 2e shows that sugar promoted second intention healing, as a result of necrotic tissue
removal and epithelialization on day 10 of the sugar therapy intervention. In this study, an
autologous cortical bone fragment (15 mm in diameter) from the ulna was used as a graft and
implanted into the midshaft of the contralateral missing radius. In dogs, the iliac crest, proximal
humerus, and proximal tibia are considered the most plentiful sources of autologous cancellous bone
[19].

In some cases, autogenous bone graft procedures may not result in adequate healing due to
sequestration or resorption of the grafted bone [20]. BMPs enhance the osteoinductivity of autologous
bone grafts and stimulate osteoblast proliferation, and the combination of BMPs and cancellous bone
grafting may improve bone healing more effectively than either treatment alone [21]. The use of
coccyx as an autogenous bone graft has proven to be an excellent option for the treatment of femoral
fracture nonunion. In addition to proper mechanical fixation, various adjunctive methods, including
BMPs, may be useful for increasing the engraftment of autogenous bone [13].

In this study, the radial midshaft of the right forearm was lost in a bicycle accident. Opposite
midshaft ulnar bone with BMPs and autologous cancellous bone for grafting were used for bone
union. A fairly good amount of callus was evident in the bone graft area. Radiographs were taken
immediately after fracture repair and bone grafting to assess the bone gap and bridging of the
fractured ends. In this case, the gap was filled well, and there was good alignment of the fractured
ends, indicating that the bone graft was stable.

According to the radiographs taken on day 65, a callus clearly emerged from the fracture ends
in the bone graft area, but the whole bone graft area was not covered by the bony density. Even
though the interfragmentary space was checked proximally, the screw fixed between the fragment
and plate was well maintained. Moreover, on day 142, the density of the fragments increased,
indicating that they were fused. The callus from the fracture ends seemed to be mixed with the ulnar
bone graft, BMP and cancellous bone in the fracture gap. This shows that cortical bone fragments
were resorbed and replaced by the callus from fracture ends at a faster rate according to the
radiograph obtained on day 65, in which the bone graft area was not covered by bony density even
on the radiograph obtained on day 60. Four months after grafting, the dog was instructed to keep the
limb off the ground or to intermittently support the limb at the toe with slight weight bearing.
Eventually, the dog was eventually able to perform activities of daily living with full weight bearing.
These results also support clinical evidence that fragmented ulnar bone fragments are not rejected as
foreign bodies. However, further histologic and histochemical studies may be needed to determine
their role in osteoinduction and osteogenesis.Authors should discuss the results and how they can be
interpreted from the perspective of previous studies and of the working hypotheses. The findings
and their implications should be discussed in the broadest context possible. Future research
directions may also be highlighted.

4. Conclusions

Despite some limitations, the use of autologous ulnar grafts has proven to be an excellent option
for replacement material in cases of radial bone loss. In addition to proper mechanical fixation,
various supplementary methods, such as BMP and autogenous cancellous bone, can be useful for
enhancing the engraftment rate of autologous bone. This is a report of an autologous ulna implanted
into a dog with radial bone loss, where the grafted bone healed successfully and eventually allowed
the patient to regain mobility.
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