
Abstract. Background/Aim: Bone tissue engineering is an
emerging field of regenerative medicine that holds promise
for the restoration of bones affected by trauma, neoplastic
diseases, and congenital deformity. During the past decade,
bone tissue engineering has evolved from the use of
biomaterials that can only replace small areas of damaged
bone, to the use of scaffolds in which grafts can be seeded
before implantation. This case report proposes an
alternative option for a veterinary patient suffering from
ectrodactyly, which is one of several congenital deformities
in dogs. A 2-month-old male toy poodle dog with
ectrodactyly was treated using several stages of surgery
involving pancarpal arthrodesis, limb lengthening, and bone
tissue engineering techniques. Results and Conclusion: Over
a period of 2 years, the operated limb gained almost the
same function as the contralateral limb. Bone tissue
engineering techniques can be used for the treatment of
congenital deformities in dogs. 

Dysostoses are a group of congenital bone deformities
arising from errors during embryonic development. Specific
appendicular skeletal dysostoses include amelia, hemimelia,
ectrodactyly, polydactyly, and syndactyly (1). Ectrodactyly
(split-hand or lobster claw deformity) is an uncommon
congenital malformation of the antebrachium, characterized

by a soft tissue and boney split between metacarpal bones
and the radius and ulna, along with deformities of the carpal
bones (2).

In dogs, ectrodactyly has been reported in various breeds
including the Dobermann Pinscher, Chow Chow, Cocker
Spaniel, Irish Setter, Labrador Retriever, West Highland
White Terrier, Siberian Husky, and crossbreeds (3-9).
Although bilateral forelimb ectrodactyly has been reported
in the literature (5, 10), it is predominantly a unilateral
disease, affecting the first and second digits of the thoracic
limbs in most cases. These conditions are present at birth,
but lameness and deformity become more severe with age
and more evident during loading. For this reason, clinical
signs vary from mild deformity without lameness to severe
deformity with non-weight bearing lameness (2).
Radiographic findings in ectrodactyly are characterized by
axial separation of the metacarpal and/or carpal bones, in
which the cleft can reach up to the elbow joint, shortening
of the affected limb, and luxation of the ipsilateral elbow (5). 

Conservative treatment is a possible option for dogs with
mild deformities or if the owner does not want to pursue a
surgical procedure (2). Surgical management of ectrodactyly
consists of amputation (11) or reconstruction methods.
Reconstruction techniques may involve pancarpal arthrodesis,
arthrodesis with ulna osteotomy or ostectomy, partial carpal
arthrodesis, carpal and metacarpal stabilization with bone
grafting, podoplasty, and ulnar lengthening (1, 3, 6, 8, 12, 13).
The treatment option depends on the severity of the
malformation. Furthermore, multiple surgical reconstructions
may be needed.

In recent years, regenerative medicine approaches have
been extensively investigated to improve cartilage and bone
healing. Bone tissue engineering techniques are a new
emerging field of regenerative medicine to treat congenital,
neoplastic, acute traumatic, and sport-related skeletal
injuries. Bone tissue engineering strategies involve the
seeding of bone grafts onto a scaffold and the subsequent
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implantation of the construct in vivo to address a bone defect
or a bone malformation.

In humans, many trials of treatments for congenital bony
malformations, such as cleft palate and pseudarthrosis of the
tibia, have been reported in pediatric patients (14, 15).
However, in the veterinary literature, bone tissue engineering
techniques are mainly focused, not on congenital deformities,
but on the reconstruction of large bone defects caused by
trauma or neoplastic diseases (16, 17).

The present case report describes a dog with an
ectrodactyly deformity that received multiple stages of
surgery, including pancarpal arthrodesis, limb lengthening,
and bone tissue engineering techniques.

Case description. A 2-month-old male toy poodle presented
with lameness and an associated congenital deformity of the
right thoracic limb. On physical examination, the patient
could not bear weight on his right forelimb and had a cleft
between the first and second metacarpal bones, which was
more evident under distraction of the first digit of the
ipsilateral limb. The lesion extended to the whole metacarpal
area proximally to the carpal joint and involved the
metacarpal pad, which had an abnormal configuration
(Figure 1a-d). The range of motion of the right elbow was

limited and the laxity of the right carpal joint was also
increased compared to the contralateral limb. 

Radiographic examination revealed that a cleft existed
between the first and second metacarpal bones and the right-
sided ulnar carpal bone was missing. The right radius bowed
to the medial direction and the overall length from the right
antebrachium to the manus was shortened by approximately
15 mm compared to the left side (Figure 1e and f).

Based on the signalment of the patient, orthopedic
examination, and radiological findings, ectrodactyly was
diagnosed and a conservative management was performed
with a splint for 3 months.

Surgical treatment section I and II. Four months after the first
admission, the difference in length between the bilateral
forelimbs was approximately 20 mm. The first surgical
treatment was then performed in three phases, including
pancarpal arthrodesis, ulnectomy, and podoplasty. A
craniomedial skin incision was made from the distal one third
of the radius to the third metacarpal bone. After separating the
joints between the carpal bone and the soft tissues adjacent to
the ulna, ostectomy of one third of the ulna was performed.
Through a V-shaped skin incision between the first and second
digits, the radius was separated from the first digit and
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Figure 1. Two-month-old male toy poodle with ectrodactyly of the right thoracic limb (a). Note the contracted metacarpal pad in the palmar view
(b) and the cleft of the soft tissue between the first and second metacarpal bones (c, d). The lateral (e) and dorsoventral (f) radiographic views
show that the carpal bones of right manus were hypoplastic and the associated elbow joint incongruity can be seen. The dorsoventral (g) and lateral
(h) radiographic views are shown after right radial fracture fixation. R: Right; L: left.



approximately 5 mm was excised for fusion with the
intermedioradial carpal bone. A 1.2 mm T-shaped plate
(IMEDICOM, Gunpo, Republic of Korea) with demineralized
bone matrix (DBM; 0.1~0.5 mm, 1 ml; Veterinary Tissue
Bank Ltd., Wrexham, UK) was applied after articulating the
radius with the second, third, fourth, and fifth metacarpal
bones and digits. Reconstruction of the soft tissues was
achieved by overlapping the V-shaped skin incision between
the first and second digits. The postoperative medications,
tramadol (4 mg/kg, IV), meloxicam (0.2 mg/kg, IV) and
cefazolin (25 mg/kg, IV) were injected and the patient was
then prescribed cephalexin (25 mg/kg, PO, BID), tramadol (4
mg/kg, PO, BID), meloxicam (0.1 mg/kg, PO, SID), and
famotidine (0.5 mg/kg, PO, BID) for 5 days.

One month following the first surgery, skin irritation due
to the mobility of the right ulna was confirmed. To resolve

the mobility of the right ulna, a radio-ulnar fixation was
performed using two 1.5 mm cortical screws (IMEDICOM).

Three months after the pancarpal arthrodesis, implant
failure and fracture of the right distal radius occurred due to
a fight with another dog. A radial fracture fixation was
performed using a 1.2 mm, 12-hole mini locking plate
(IMEDICOM, Figure 1g and h). On physical examination at
1-month follow up, the patient used its right tiptoe in
ambulation due to different lengths of the bilateral limbs.

Four months after radial fixation, implant failure occurred
due to the owner’s carelessness. A surgical plan was
implemented, consisting of limb lengthening and fixation of
the right radius to simultaneously resolve the difference in
length of both forelimbs and the radial fracture (second surgery,
8 months after pancarpal arthrodesis). The gradational limb
lengthening technique was performed to reduce the differences
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Figure 2. Dorsoventral (a, c) and lateral (b, d) radiographic images before and after radial lengthening. The increased radial bone defect was fixed
using a PCL/β-TCP 3D scaffold (e) and bone graft materials. Dorsoventral (f, h, j) and lateral (g, i, k) sequential orthogonal radiographs are
shown at 2 weeks (f, g), 1 month (h, i), and 2 months (j, k) after radial defect fixation. R: Right.



in the length of the bilateral forelimbs. A craniomedial skin
incision was made from the proximal radius to the level of the
distal metacarpal region. The previously inserted implants were
removed and a mini circular external skeletal fixator (ESF;
IMEX, Longview, TX, USA) assembled before the surgery was
implanted using two Kirschner wires (K-wires) for the
proximal fragment and four K-wires for the distal fragment
(Figure 2a and b). The limb was lengthened at a rate of 1 mm
per day for 20 days, as previously described (18). After
terminating the distraction of the right forelimb, the length of
the right forelimb was increased (Figure 2c and d).

Fixation of the right radius was performed using a 2.0 mm,
10-hole locking compression plate (LCP; Synthes, Warsaw,

IN, USA) and a polycaprolactone (PCL)/β-tricalcium
phosphate three-dimensional (3D) scaffold (T&R Mesh Plus;
T&R Biofab, Seoul, Korea; Figure 3e), after 1 month of the
distraction. A craniomedial skin incision was made from the
proximal part of the right radius to the distal level of the third
metacarpal region. After confirming the fractured gap of the
radius and contouring the 3D scaffold, bone fragments were
fixed with the 3D scaffold and plate. A bone graft mixture,
consisting of recombinant human bone morphogenetic protein
type 2 (rhBMP-2; 0.25 mg; NOVOSIS, Seongnam, Korea)
and demineralized bone matrix (DBM; 0.1~0.5 mm, 1 ml;
Veterinary Tissue Bank Ltd.), was used to cover the surgical
site to expedite the bone healing process. 
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Figure 3. Gait analysis on pressure sensor walkway. Symmetry index (a, b) of the bilateral forelimbs decreased after fixation of the PCL/β-TCP 3D
scaffold to the radial bone defect. Weight distribution (c, d) at 1 and 2 months after the second surgery (limb lengthening and application of the
PCL/β-TCP 3D scaffold) revealed a tendency to restore function of the right forelimb. PVF: Peak vertical force; VI: vertical impulse; RF: right
forelimb; LF: left forelimb; *significant change from pre-operation; #significant change from 4 months after first surgery; †significant change from
1 month after second surgery.



Surgical treatment section III. Four months after the application
of the 3D scaffold, the patient presented with small masses at
the site of the implants and showed intermittent non-weight-
bearing lameness. The owner stated that they had been in a
traffic accident 1 month earlier and that the patient had been
in the car at the time of the accident. During a physical
examination, three fistulas containing purulent exudate were
found in the surgical area, which occurred due to inflammation
caused by the mechanical instability of the implants.
Radiographs showed the loosening of two screws applied to
the plate at the fracture line of the right-sided distal diaphyseal
radius. Based on the signalments of the patient, physical and
orthopedic examination, and radiological findings, a nonviable
defect nonunion fracture of the right-sided distal diaphyseal
radius caused by implant failure was diagnosed.

To stabilize the inflammatory lesion, doxycycline (5
mg/kg, PO, BID) was applied, based on the antimicrobial
sensitivity test, for 2 weeks and a strict restriction of exercise
was indicated. The third surgery consisted of the application
of a mini circular ESF with bone graft materials and plate
fixation was performed following 2 weeks of stabilizing the
inflammation. After removing the failed 3D implant and
confirming that there was no bone marrow exposure in any
of the segments, the bone marrow cavity was drilled with a
1.0 mm K-wire (Veterinary Instrumentation, Sheffield, UK).
A mini circular ESF (IMEX) was applied to the proximal and
distal segments of the fracture with four 1.0 mm K-wires for
the proximal segment and two 1.0 mm K-wires for the distal
segment. A mixture of bone grafts composed of cancellous
chips (2~4 mm, Veterinary Tissue Bank Ltd.) and alginate
microbeads loaded with rhBMP-2 (0.2 mg, NOVOSIS), as
previously described (19), was applied to the defective area.
A collagen sponge [1×2 cm; Lyostypt® (B-Braun, Barcelona,
Spain)] wet with rhBMP-2 (0.05 mg, NOVOSIS), was used
to encompass the surgical area. As time elapsed, radiographic
images showed new bone formation in the bone defect
(Figure 4a-d). 

To improve the stability of the new bone adjacent to the
proximal and distal fragments of the right radius and to avoid
pin tract infection, plate fixation was performed 3 months
after the application of the mini circular ESF. Before plate
fixation, 3D reconstructions of computed tomography (CT)
images were obtained after removing implants. These images
showed that the new bone had connectivity with adjacent
bone fragments. Based on the CT reconstruction images of
the unaffected forelimb, a 3D printed bone model was
extracted for contouring the plate (12 holes, 2.0 mm, LCP,
Synthes). The plate was applied from the proximal diaphysis
of the right radius to the level of the third metacarpal bone
through a craniomedial skin incision. 

After 2 months of follow-up, no major complications,
such as fractures of the bone or implant, were found, except
for the loosening of the screw in the most proximal hole of

the plate. The loosened screw was removed and tested for
microbial contamination. At the follow-up examination 7
months after plate application, a skin irritation was observed,
caused by excessive tension force on the region of the
implant. To avoid infection through the skin lesion, the
implants were removed.

Results

Surgical treatment sections I and II. Two months after the
application of the 3D implant, the patient showed an
improved gait pattern, showing weight-bearing on his right
forelimb without complications and was expected to have
improved ambulation. The difference in length between the
bilateral limbs at this time was only 10 mm. Radiologically,
the apparatus and alignment of the implants were good for
2 months after the correction and new bone was formed at
the scaffold application site (Figure 2f-k). Symmetry index
and weight distribution were measured on a pressure sensor
walkway and data were analyzed using a repeated measures
ANOVA, with a post hoc Sidak multiple comparisons test.
Gait analysis showed that the degree of asymmetry was
restored to some extent during the 2 months of follow-up
after the second surgery (Figure 3a and b). Weight
distribution analysis showed that the right forelimb ratio
was increased and that the weight distribution of the
affected limb increased to 60% of the normal limb (Figure
3c and d). The owner was satisfied and the quality of life
of the patient was increased because amputation was
avoided.

Surgical treatment section III. Radiographic examination
during the follow-up period showed that the fracture line
was restored and the opacity of the bone grafts increased
(Figure 4e-j). CT examination was also performed after
implant removal to evaluate bone properties compared to
the left radius. Based on 3D reconstruction images of the
patient's normal radius and surgically treated radius,
Hounsfield unit (HU) values were measured in randomly
selected regions of the affected leg where the bone graft
was implanted. In the normal radius, HU measurements
were made at the same level as the affected radius (Figure
5a). The HU values of the affected and unaffected
forelimbs were then compared using a Student’s t-test. The
HU values of the normal bone tissue did not differ from the
HU values of the site where the bone grafts were inserted
(Figure 5b). Furthermore, the patient showed improved
ambulation during the follow-up period and gait analysis
revealed that the differences in peak vertical force and
vertical impulse between the bilateral forelimbs decreased
(Figure 5c and 5d). After the third surgical treatment,
symmetry index and weight distribution were again
measured on a pressure sensor walkway and analyzed using
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a repeated measures ANOVA with a post hoc Sidak
multiple comparisons test. The weight distribution of the
right forelimb also increased 1 month after plate removal.
The weight distribution of the treated limb was found to
increase to the level of 70% of the normal limb (Figure 5e
and 5f).

A longer follow-up was not performed due to the
owner’s condition. However, at 10 and 12 months
postoperatively, phone calls with the owner revealed that
the result of the treatment was very satisfactory and that the
patient was well and without pain or marked lameness on
the operated leg.

Discussion

There are several different therapeutic options to treat
ectrodactyly and the choice of treatment depends on the type
and severity of the malformation. As a consequence, every
case should be carefully evaluated to determine the most
appropriate treatment, considering also that the literature
regarding the management of this abnormality consists of
only a few case reports (20). In our case, the patient was
using a splint for 1 month, but the function of the right
forelimb was unacceptable and further surgical treatment was
considered. For this reason, pancarpal arthrodesis and
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Figure 4. Serial orthogonal radiographs at 0 days (a, b) and 3 months (c, d) after fixation of the mini circular ESF with bone graft materials. New
bone formation was confirmed by increased radio-opacity in the bone grafting region. Sequential radiographic images are shown at 2 weeks (e, f),
2 months (g, h), and 8 months (1 month after plate removal; i, j) after plate fixation. After the removal of plate due to a skin irritation, the fracture
line in the distal radial region is not observed and the radio-opacity of the new bone is further increased compared to 3 months after the application
of the mini circular ESF and bone grafts. a, c, e, g, i: Dorsoventral views; b, d, f, h, j: lateral views; R: right.



podoplasty were performed for soft tissue reconstruction at
an early age. Because of the reconstruction of soft tissue
between the first and second digits, a favorable result was
achieved in the immediate postoperative period, with a
satisfactory functional recovery of the metacarpal pads,

which are essential for bearing the weight of the manus. As
reported in a previous study, traumatic damage to the web
tissue between the toes of a normal dog (split web) can result
in some lameness due to loss of support of the toes adjacent
to the injury (21). Thus, the rationale behind the fusion of
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Figure 5. Measurement of HU values based on five randomly selected regions of the right and left radius from CT reconstruction images (a). No
significant difference between bilateral radii is observed (b). Gait analysis on pressure sensor walkway (c-f). Symmetry index (c, d) of the bilateral
forelimbs decreased after application of a mini-circular ESF and bone graft materials. Analysis of weight distribution (e, f) at 5, 6, and 8 months
after the third surgery (bone grafting and plate fixation) revealed a tendency to restore the function of the right forelimb. PVF: Peak vertical force;
VI: vertical impulse; R: right; L: left; *significant change from 4 months after second surgery; #significant change from 5 months after third surgery;
†significant change from 6 months after third surgery.



the cleft, used to treat the case described here, was to provide
this support. Furthermore, it was thought that the fusion
between the metacarpal pad and the second digital pad would
have provided functional support after performing limb
lengthening and bone tissue engineering techniques. 

In recent decades, bone tissue engineering techniques,
such as limb salvage procedures, have been used to treat
critical-sized bone defects in veterinary patients (17, 22-24).
Some studies have demonstrated the effectiveness of BMP-
2 alone, or in combination with scaffolds, in inducing bone
formation and healing of long bone defects (17, 19, 22-25).
In the present case, an implant failure occurred 3 months
after arthrodesis and the patient received an implant
replacement, which also failed 4 months after application.
There was no additional option for treating the affected limb,
except amputation, which is only treatment previously
reported for ectrodactyly (1, 3, 6, 12, 13, 26). However, the
owner was eager to preserve the patient’s limb and therefore,
we attempted limb-sparing surgery using a limb lengthening
technique to compensate for the difference in length between
the bilateral forelimbs and bone tissue engineering
techniques as part of the final treatment.

The current case demonstrates that ectrodactyly in dogs can
be repaired using various bone graft materials, such as
rhBMP-2 and DBM, combined with a PCL/β-TCP 3D
scaffold, to promote bone healing activity in the lengthened
gap and the radial bone defect. Similar to a previous study
showing that a PCL/β-TCP scaffold implanted in a canine
mandibular defect model showed new bone formation 8 weeks
after implantation (27), new bone formation in the current case
was confirmed, based on radiographic evaluation, 2 months
after PCL/β-TCP 3D scaffold implantation. Furthermore, Choi
et al. reported that a PCL/β-TCP 3D scaffold applied in a
canine patient with a radial bone defect caused by
osteosarcoma, showed connectivity with adjacent bone tissue
(17). However, the same study highlighted the importance of
fast osteoinduction and osteointegration when using a PCL/β-
TCP scaffold in a weight-bearing region, such as the long
bone (17). Bina et al. reported that using the PCL/β-TCP
scaffold with platelet-rich plasma in a critical-sized femoral
defect in rats, resulted in successful bone healing, according
to histological and biomechanical evaluation (25). In the
present case, we used a PCL/β-TCP scaffold with rhBMP-2
and DBM for bone regeneration of the affected limb, resulting
in early new bone formation, as seen in radiographic and
kinetic evaluation (Figure 2 and 3). However, the patient was
involved in a car accident and as a result, the implant failed
once again. Although the patient could bear his weight using
the right forelimb 2 months after PCL/β-TCP scaffold
implantation, based on radiographic evaluation at the time of
implant failure, bone density was low and the PCL/β-TCP
scaffold was not connected to the adjacent bone fragments.
According to previous studies, when using a PCL/β-TCP

scaffold in long bones to which a weight-bearing force is
applied, there is possibility that the scaffold may fracture
before osteointegration is fully completed (17). Moreover, in
the present case, it was thought that the PCL/β-TCP scaffold
could no longer play a role in bone regeneration due to a
massive trauma from a car accident. Therefore, the treatment
using the PCL/β-TCP scaffold was considered to have failed
and a more stable fixation with faster bone-healing activity
was required to treat the radial bone defect.

The third surgical treatment focused on correction of the
radial non-union defect. Paley reported that the tensioned
wires of the circular ESF immobilize bone segments and
adequately resist bending, shearing, and torsional forces,
while allowing axial micromotion at the osteotomy fracture
site (28). Axial micromotion is also thought to be important
in creating a mechanical environment conducive for
osteogenesis and is thought to enhance fracture healing (29).
Piras et al. also reported that circular ESFs may be more
effective at restoring blood supply than bone plates in toy
breed dogs (30). In the present case, it is thought that the
circular ESF provided bone grafts with a suitable biological
and biomechanical environment to generate new bone in the
radial bone defect. Furthermore, by using the circular ESF,
the length of the right antebrachium could be restored. For
these reasons, the use of circular ESFs can be an effective
method to treat large bone defects in toy breed dogs. 

The releasing profile of BMP-2 is one of the most
important factors affecting bone regeneration. It has been
shown that a burst of BMP-2 release within the first few
days, followed by a sustained release, is essential for
improving the osteoinductive activity of BMP-2 (31).
According to an in vivo study in a rat carvarial defect model,
the use of alginate microbeads as carriers of BMP-2, results
in a burst release pattern within the first few days, followed
by a long-term sustained release pattern. Furthermore, the
same study also found that rats implanted with BMP-2-
loaded alginate microbeads showed more effective bone
formation, when compared to other experimental groups
(19). Collagen sponges, which show a sustained release
pattern, are also routinely used as carriers of BMP-2. Faria
et al. reported that an rhBMP-2-loaded absorbable collagen
sponge resulted in better bone-healing activity and functional
recovery in a canine tibial osteotomy model than treatment
with only rhBMP-2, as evidenced by force plate and
radiographic evaluation (32). In the present case, rhBMP-2-
loaded alginate microbeads and a collagen sponge were
implanted at the same time. Based on radiographic
examination, new bone formation was observed earlier than
with the former treatment using a PCL/β-TCP scaffold. This
may be due to the synergistic effect of the collagen sponge
and alginate microbeads. The current results suggest that the
use of alginate microbeads and collagen sponges as carriers
may be an effective method for maximizing the
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osteoinductive properties of rhBMP-2 in critical-sized bone
defects in veterinary patients. Moreover, as described in the
current case, these kinds of approaches using bone tissue
engineering techniques can be used as alternatives for
treating large bone defects caused by traumatic or neoplastic
diseases, as well as congenital limb deformities. 

Despite the completion of the patient’s growth, a large
difference in length between bilateral forelimbs was not
observed. Furthermore, the affected limb had almost the same
HU value as the contralateral limb following CT examination
(Figure 5) and the patient could bear his weight with the right
forelimb. However, gait analysis showed that the weight
distribution of the affected limb did not increase to same level
as the normal limb after the second and third surgical
treatments (Figure 2 and 5c, d). Carpal flexion is known to be
naturally eliminated in dogs with pancarpal arthrodesis (33). A
previous study also described that propulsive forces and
vertical impulses are significantly lower in dogs that have
undergone pancarpal arthrodesis than in normal dogs (33).
Furthermore, the patient in this case underwent multiple
surgical treatments from a young age, which may have resulted
in fibrosis of the right carpal joint and the surrounding tissue.
For these reasons, the full function of the right forelimb could
not be recovered. However, by obtaining satisfactory function,
the quality of life of the patient could be improved.

Unlike previous methods used to treat ectrodactyly, the
patient in this case report was able to obtain a newly formed
right forelimb, instead of undergoing amputation, which is
the standard treatment in such cases. Furthermore, no major
complications were observed after several surgical
treatments. However, these procedures were only performed
in one case and a bone biopsy procedure was not performed
to analyze the new bone compared to normal bone structure
and assess the possibility of refracture. Furthermore, a longer
period of follow-up is needed to monitor changes in the new
bone tissue and perform a functional evaluation of the treated
limb.

In conclusion, to the best of our knowledge, this is the
first attempt to treat ectrodactyly using limb lengthening and
bone tissue engineering techniques in a veterinary patient.
These technologies are feasible treatment methods for
congenital deformities, tumors of the extremities, and large
bone defects caused by trauma.
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