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Abstract

Objective: The objective of this study was to evaluate the use of linear external

skeletal fixation (ESF) applied using minimally invasive techniques in dogs

and cats.

Study design: Retrospective study.

Animals: Forty-nine dogs and 6 cats.

Methods: Medical records of cases with nonarticular tibial fractures, repaired

using linear ESF at a single academic institution between July 2010 and 2020,

were reviewed. All records of cases that had nonarticular tibial fractures

repaired using linear ESF were included. Information was collected regarding

signalment, surgical procedures performed, perioperative care, radiographic

evaluation, and postoperative complications.

Results: Intraoperative imaging was used in 40/55 (72%) of cases. Tibal pla-

teau angle (TPA), tibial mechanical medial proximal and distal tibial angles

(mMPTA and mMDTA, respectively) were not affected by intraoperative imag-

ing (P = .344, P = .687, P = .418). A total of 22 (40%) complications occurred.

Of these, 18 were considered minor and 4 were considered major. Open fractures

had more major complications than closed fractures (P = .019). All fractures

reached radiographic union of the fracture. The mean ± SD time to external

fixator removal was 71 ± 48 days.

Conclusion: Linear ESF applied using minimally invasive techniques with or

without intraoperative imaging was an effective treatment for nonarticular tib-

ial fractures.

Clinical significance: Closed application of linear ESF should be considered

as a minimally invasive option for stabilizing nonarticular tibial fractures.
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1 | INTRODUCTION

Fractures of the tibia are relatively common in dogs and
cats, and account for 10%-20% of all fractures.1 Multiple
methods of tibia fracture fixation have been described
including open reduction and internal fixation as well as
minimally invasive options.2–7 Open techniques allow for
fragment observation and reduction via direct manipula-
tion; however, they have been associated with compro-
mise to the blood supply, which may inhibit bone healing
and increase complications.3–5,8 Minimally invasive tech-
niques have recently gained popularity utilizing biological
osteosynthesis to improve clinical outcomes.4,9–12

External skeletal fixation (ESF) can be applied using
minimally invasive techniques and is commonly used for
tibial fracture fixation.3,5,13–16 Reported advantages of
ESF include ease of placement and removal, adjustability
of frames, accessibility for open wound management, and
reduced cost of placement.17,18 The principles of mini-
mally invasive fracture reduction have long been
employed with ESF, and are especially well suited for
fractures of the tibia.19,20

Despite the benefits of ESF for minimally invasive
osteosynthesis, its use for this purpose may also lead to
complications associated with interference with soft tissues,
more demanding postoperative care, and pin loosening.1 In
a recent retrospective study by Beever et al.19 evaluating
postoperative complications associated with ESF in dogs, a
complication rate of 69% was reported. However, the region
of ESF placement was associated with complications and
the tibia was reported to have the lowest complication rate
(41%) and the complications were mostly minor.

Many substantive studies have described the use of
ESF for the treatment of tibial fractures; however, there
are no large studies evaluating the use of linear ESF
applied using minimally invasive techniques and evaluat-
ing postoperative tibial alignment.3,5,13–16 No study has
evaluated the utility of intraoperative imaging on tibial
alignment. The objective of this study was to evaluate the
use of linear ESF applied using minimally invasive tech-
niques with and without the use of intraoperative imaging
in dogs and cats. We hypothesized that the use of linear
ESF applied using minimally invasive techniques would
allow for restoration of alignment and allow bone healing
with few complications. We also hypothesized that the
use of intraoperative imaging would improve alignment.

2 | MATERIALS AND METHODS

Medical records of cases with nonarticular tibial fractures
stabilized using linear ESF at a single academic institu-
tion (Iowa State Lloyd Veterinary Medical Center)

between July 2010 and 2020 were reviewed. All records
of dogs and cats that had nonarticular tibial fractures
repaired using linear ESF were included. Cases with
incomplete medical records (eg, missing surgery report,
preoperative and/or postoperative radiographs) were
excluded. Records with data until removal of the ESF or
final evaluation after removal were considered complete.
Data obtained from the medical records included signal-
ment, location of the fracture, fracture type, surgical
approach, fixator type (I-III), external fixator system
used, diameter/material of connecting bar, diameter of
pins, number of proximal and distal pins, surgery time,
use of intraoperative imaging, additional treatments/
adjustments, days to first follow up, days to removal,
radiographic evaluation, complications, and clinical
outcome.

The technique used for reduction in the majority of
fractures was a modification of the hanging limb tech-
nique described previously.25 The animal was placed on
the surgical table with the distal limb secured directly
under a hook in the operating room ceiling. The table
could be raised and lowered with positioners so that the
limb could be seen as being held in a straight line from
the ceiling to the operating room table. The limb was
aseptically prepared so the distal limb could be grasped
during surgery. Care was taken to prevent medial-to-
lateral angulation and rotational malalignment. The table
was lowered so that approximately 50% of the animal's
caudal weight was carried by the limb, thus placing ten-
sion and traction on the limb. The most proximal and dis-
tal fixation pins, were placed first and a connecting bar,
typically the medial, was secured to these first pins. Pins
were applied in the medial to lateral plane and as perpen-
dicular to the long axis of the limb as possible. The limb
alignment was confirmed or adjusted in a specific order:
Translation, length, angulation in the medial to lateral
plane, torsional alignment, angulation in the cranial to
caudal plane. Translation and length were most often
achieved with the hanging limb under tension. After the
proximal and distal fixation pins with connecting bars
were applied, angulation in the medial to lateral plane
was adjusted and confirmed. Intraoperative images were
obtained to confirm alignment, as alignment in this plane
was considered to be the most critical (Figure 1). The
clamps were tightened, and an additional connecting rod
applied if type II fixators were employed. At this point
the operating table was raised so that the stifle and tarsus
were in approximately 90� of flexion. Torsional alignment
was confirmed or corrected so that the joints were in one
plane. The table was then lowered and alignment in the
cranial to caudal plane was confirmed or adjusted. In
some cases, this required manually rotating the proximal
and/or distal bone segments. A large-gauge suture or

2 SHERMAN ET AL.
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umbilical tape was sometimes placed caudal to the limb
and secured to the medial and lateral connecting rods to
assist in sagittal plane alignment of the proximal or distal
tibial segments. Alignment in the sagittal plane was con-
sidered important, but least critical.

Radiographic evaluation was performed on final radio-
graphs prior to implant removal. Pin loosening at the time
of fixator removal was evaluated using a modified Yang's
scoring system.21 Pin–bone interface was graded from 0 to
2 points. Each pin was individually graded and the total
number of loose pins was reported.

Radiographic union was defined as the presence of a
bridging callus of at least 3 of 4 cortices on 2 orthogonal pro-
jections. Tibial mechanical medial proximal and distal tibial
angles (mMPTA and mMDTA, respectively) were measured
on follow-up radiographs as described by Dismukes et al.22

Tibial valgus was computed as ([mMPTA + mMDTA] �
180).4 Postoperative TPA was measured on the lateral pro-
jection using the method described by Dismukes et al.23

Rotational alignment was subjectively described as previ-
ously described by Guiot et al.4 Alignment was considered
anatomic when superposition of the caudal edges of the
medial and lateral tibial plateaus as well as concentric pro-
jection of the talar trochlea ridges were simultaneously seen
on lateral radiographs. Conversely, gross metatarsal angula-
tions away from the limb sagittal plane was considered as
unacceptable tibial rotational malalignment.

Complications were described as major or minor
based on criteria proposed by Cook et al.24 A major

complication was defined as a complication or associated
morbidity that requires further treatment based on cur-
rent standards of care including both surgical and medi-
cal treatment. Minor complications were complications
that did not require additional surgical or medical treat-
ment to resolve. Clinical outcome was described as full,
acceptable, or unacceptable, based on a review of physi-
cal exam performed at linear ESF removal. Full clinical
outcome was defined as no apparent lameness or pain at
fixator removal. Acceptable clinical outcome was defined
as cases that had functional limb use with mild weight
bearing lameness noted on physical exam. An unaccept-
able clinical outcome was defined as any case that had a
toe-touching or non–weight-bearing lameness at a walk.

Differences between proportions of complications of
the various study groups (use of c-arm and open fracture)
were analyzed using χ2 statistics. Due to the low number
of cats (n = 6) in this study, comparative statistics
between species would be of very low power with a high
probability of type II statistical errors so species were
combined. For continuous variables, differences between
study groups for dependent variables (1) angles (mMPTA,
mMPTA, mMDTA, Valgus and TPA) and (2) surgery time
were analyzed using either t-tests or Wilcoxon sum rank
tests after verification of normality using the Shapiro-
Wilk test. P-values < .05 were considered as statistically
significant. Corrections for multiple comparisons were
performed using the Benjamini-Hochberg method. All
analyses were conducted in R 4.0.3.

FIGURE 1 Intraoperative images (A, B) and radiographs (C, D) of a 5 month old 20 kg golden retriever that was admitted with a

comminuted diaphyseal tibial fracture. Intraoperative image after initial proximal and distal fixation pin placement showing malalignment

(A). Intraoperative image after manipulation of the proximal and distal fixation pins showing improved alignment (B). Immediate

postoperative radiographs showing the addition of proximal and distal fixation elements (C). Fifty-one day postoperative radiograph showing

complete union of the fracture (D).
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3 | RESULTS

A total of 75 cases were evaluated. Fifty-five cases met
the inclusion criteria. Forty-nine out of 55 (89%) cases
were dogs and 6 of 55 (11%) cases were cats. The mean
age was 2.2 years (range 0.1-14 years). The mean weight
was 19.3 kg (range 3.4-41.8 kg). Fourteen of 49 dogs were
intact females, 13 of 49 were spayed females, 10 of
49 were castrated males, and 12 of 49 were intact males.
Dog breeds represented included mixed breed (n = 9),
German shepherd (n = 8), Labrador retriever (n = 5),
Border collie (n = 4), Australian shepherd (n = 3), boxer
(n = 3), American Staffordshire Terrier (n = 2), golden
retriever (n = 2), great Pyrenees (n = 2), greyhound
(n = 2), blue heeler (n = 1), bluetick hound (n = 1),
cavalier King Charles spaniel (n = 1), corgi (n = 1),
Drahthaar (n = 1), goldendoodle (n = 1), mastiff
(n = 1), miniature schnauzer (n = 1), standard poodle
(n = 1). Five out of 6 cats were castrated males and 1 of
6 cats was a spayed female. Cat breeds represented
included domestic shorthair (n = 4) and domestic long-
hair (n = 2).

All fractures were traumatic. Fifteen of the fractures
(27%) were considered open. Of the open fractures, 5/15
were Gustillo-Anderson type 1, 7/15 were Gustillo-
Anderson type 2, and 3/15 were Gustillo-Anderson type
3a. Twenty-five fractures (45%) were comminuted, 22/55
(40%) of fractures were considered long oblique or spiral,
5/55 (10%) fractures were transverse and 3/55 (5%) of
fractures were short oblique. Forty-nine fractures (89%)
were diaphyseal, 4/55 (7%) of fractures included the distal
metaphysis, and 2/55 (4%) of fractures included the proxi-
mal metaphysis.

3.1 | Operative data

Forty-nine fractures (89%) were repaired without a surgi-
cal approach to the fracture site. In the remaining 6/55
(11%) fractures a small surgical approach to the fracture
for either reduction or placement of bone graft was uti-
lized. Forty-nine fractures (89%) were treated using a
hanging-limb technique.25 The remainder were posi-
tioned in lateral recumbency with the affected leg
up. The median total surgery time was 80 min (range
21-330 min). Intraoperative imaging using a c-arm
(Koninklijke Philips NV, Amsterdam, Netherlands) was
used in 40 of 55 (72%) cases. The median total surgical
time without the use of intraoperative imaging was
100 min (range 37-285). The median total surgical time
with the use of intraoperative imaging was 74 min (range
21-330 min). There was a difference in surgical time
between groups (P = .046). All cases were overseen by a

boarded American College of Veterinary Surgeons
(ACVS) diplomate; however, the role of primary surgeon
could not be determined from the surgery report.

A type IIb external fixator was used in 42 of 55 (76%)
cases, whereas a type I was used in 12/55 (22%) and a
type III in 1 of 55 (2%).26 The SK External Skeletal Fixa-
tor System (IMEX Veterinary, Longview, Texas) was used
in 16 of 55 (29%) cases and the Securos external skeletal
fixator system (Securos, Fiskdale, Massachusetts) was
used in 39 of 55 (71%) cases. Fixation pins chosen were
based on previously described guidelines for pin diameter
and surgeon experience.27 The fixator systems including
connecting rod diameter and clamps chosen were the
largest that accommodated the fixation pins.

The median total number of pins was 5 (range 4-6).
Twenty-six (47%) cases had 4 total pins, 10 of 55 (18%)
cases had 5 total pins and 19 of 55 (35%) of cases had
6 total pins. Fourteen (25%) cases had no proximal full
pins placed, 40 of 55 (73%) cases had 1 proximal full pin
placed and 1 of 55 (2%) cases had 2 proximal full pins
placed. Fourteen (25%) cases had no full pins placed dis-
tally, 31 of 55 (56%) cases had 1 full distal pin, and 10 of
55 (18%) cases had 2 distal full pins. Two (4%) cases had
no proximal half pins, 13 or 55 (24%) cases had 1 proximal
half pin, 36 of 55 (65%) cases had 2 proximal half pins,
3 of 55 (5%) cases had 3 proximal half pins and 1 of
55 (2%) cases had 4 proximal half pins. Ten (18%) cases
had no distal half pins, 14 of 55 (25%) cases had 1 distal
half pin, 30 of 55 (55%) cases had 2 distal half pins, and
1 of 55 (2%) cases had 3 distal half pins.

3.2 | Postoperative data

Radiographic evidence of pin loosening was seen in 10 of
55 (18%) cases. Six of 10 cases had evidence of proximal
pin loosening and 4 of 10 cases had evidence of distal pin
loosening. Radiographic pin loosening did not differ
between proximal and distal pins (P = .74). The mean
± SD mMPTA was 95.3 ± 3.6� (range 86.6-103.2�) in
dogs. The mean ± SD mMDTA was 95.2 ± 3.9� (range
84.5-103.9�) in dogs. Postoperative mMPTA and mMDTA
were within the 95% confidence interval reported for nor-
mal dogs.22 The mean ± SD TPA of 19.1 ± 6.8� (range
1.8-32.4�) was outside the reference range in normal
dogs.23 The mean ± SD valgus was 10.4 ± 7� (range
�19.1 to 27.1�) in dogs. The mean ± SD mMPTA was
93.1 ± 3.9� (range 88.6-98.0�) in cats. The mean ± SD
mMDTA was 95.5 ± 11.6� (range 72.3-103.8�) in cats.
Postoperative mMPTA and mMDTA were similar to
reported values in cats.28 The mean ± SD TPA of 15.1
± 5.0� (range 10-23.4�) was less than previously reported
values in cats.28,29 The mean ± SD valgus was 10.4 ± 7�

4 SHERMAN ET AL.
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(range �19.1 to 17.9�) in cats. Postoperative rotational
alignment was subjectively described as anatomic in all
cases. The use of intraoperative imaging had no effect on
measures of fracture alignment (Table 1).

Twenty-two of 55 (40%) cases had complications. Of
these, 18 of 22 were considered minor and 4 of 22 were
considered major. All minor complications were associ-
ated with pin-tract morbidity and included swelling, ery-
thema, and discharge from the pin tract. In 14 of
18 cases, swelling, erythema, and discharge were
described around the proximal pin, specifically on the lat-
eral aspect. All minor complications resolved with rou-
tine cleaning of the pin tracts and after fixator removal.
The 4 major complications included failure of the exter-
nal fixator apparatus (n = 1), osteomyelitis requiring
antibiotic therapy and fixator revision (n = 1), seques-
trum formation requiring surgical excision and bone
grafting (n = 1), and refracture of the distal tibia 5 days
post fixator removal (n = 1). Open fractures had a higher
major complication rate than closed fractures (P = .019).
There were no differences in total complications or minor
complications between open and closed fractures
(P = .064, P = .794). The median time to complication
occurring after surgery was 28 days (range 5-88 days).
Total complications, major complications and minor
complications were not influenced by the use of intrao-
perative imaging (P = 1.000, P = .583, P = .782).

Radiographic union was achieved in all fractures. The
mean ± SD time of final follow-up radiographs and ESF
removal was 71 ± 48 days (range 22-287 days). The case
that had the fixator in place for 287 days initially did not
return for follow up at the 8-week recheck as previously
recommended. On presentation at 287 days after surgery,
the fixator was intact with no evidence of drainage or
inflammation at the fixator site. Thirty-four (62%) cases
had full clinical outcome and 21 of 55 (38%) were deter-
mined to have an acceptable outcome at the time of ESF
removal. No case was described as having an unaccept-
able outcome.

4 | DISCUSSION

We evaluated the use of linear ESF in minimally invasive
fashion for the treatment of nonarticular tibial fractures.
In this retrospective study of 49 dogs and 6 cats, linear

ESF applied using minimally invasive techniques appears
to be an effective and versatile method of treatment for
nonarticular tibial fractures with or without the use of
intraoperative imaging.

All cases were treated with minimally invasive princi-
ples. The mean ± SD mMPTA and mMDTA were similar
to previously reported normal values in dogs and
cats.22,28 The mean ± SD TPA of both dogs and cats were
less than previously reported normal values.23,28,29 Recur-
vatum may be explained by under-reduction during sur-
gery due to a hanging limb technique. Use of the hanging
limb technique can lead to cranial malalignment of the
distal bone segment, especially in very distal fractures,
due to the angle of tarsus and the pull of the common
calcaneal tendon. A lower than normal TPA was also
considered acceptable during surgery if rotation and fron-
tal alignment were appropriate. Due to the retrospective
nature, normal contralateral limb alignment was unable
to be measured. No negative consequences in outcome
were noted at final follow up.

The use of intraoperative imaging led to decreased
surgery time and was beneficial for real-time assessment
of reduction, alignment, and implant position but did not
lead to improved alignment. Cabassu30 also reported
acceptable postoperative alignment with minimally inva-
sive plate osteosynthesis using fracture reduction under
the plate without intraoperative imaging; however, 12%
of cases required immediate revision surgery. In the cur-
rent study, no cases required immediate revision surgery.
External skeletal fixation allows small adjustments to be
performed in the postoperative period and is an advan-
tage over internal fixation especially if intraoperative
imaging is not available. Due to the retrospective nature
of this study, adjustments in the immediate postoperative
period were not always recorded.

Most fractures were treated using a hanging limb
technique (49/55).25 Using this technique, the surgeon
can align the tibia in all planes using the weight of the
animal to help with distraction of the fracture. Additional
adjustment to alignment was performed after placing the
most proximal and distal pins using the ESF as a reduc-
tion apparatus. External skeletal fixator-like devices have
recently been used for this purpose when performing
minimally invasive plate osteosynthesis successfully.31–33

Given the absence of improvement in alignment using
intraoperative imaging, the benefits of using

TABLE 1 Measurements (means ±

SDs) of tibial alignment with and

without intraoperative imaging

Alignment Intraop. imaging (n = 40) No intraop. imaging (n = 15) P value

mMPTA 95.3 ± 3.9� 94.7 ± 3.1� .687

mMDTA 95.4 ± 5.3� 94.9 ± 4.6� .418

TPA 18.1 ± 6.5� 20.0 ± 7.4� .344

SHERMAN ET AL. 5
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intraoperative imaging should be weighed carefully
against potential safety concerns.

The overall ESF associated complication rate in this
study was high at 40% with the large majority (82%) of
these complications considered minor. The complication
rate seen in the current study is similar to the previously
reported complication rates of ESF used in the tibia.19

The most common minor complication was pin-tract
morbidity. Pin-tract morbidity remains one of the most
important complications of ESF, compromising otherwise
successful treatment.1 It was reported in 18 of 55 (33%)
cases. Cultures of the pin tract were not performed in any
of the cases that developed pin-tract erythema, swelling,
and/or discharge. Previously reported rates of pin-tract
morbidity vary widely due to differences in the definition
of infection and the retrospective nature of many of these
studies.19,34 Pin-tract morbidity should be considered an
expected sequela of ESF due to soft-tissue irritation from
implants.

The majority of pin-tract complications were associ-
ated with the lateral aspect of the proximal full pin in
type II constructs. Radiographic evidence of pin loosen-
ing was evenly distributed between proximal and distal
pins, indicating that external evidence of pin-tract mor-
bidity may not be associated with pin loosening. The pin-
loosening rate may have been affected by the number of
pins used in the ESF, as 46% of ESF constructs only had
4 total pins placed. External pin-tract morbidity may be
reduced by the addition of fixation pins and avoiding
proximal lateral pin placement when possible.16 Despite
the high frequency of pin-tract morbidity and infections,
ESF implants are easily removable, and minor short-term
morbidity associated with superficial pin-tract infection
often resolves following topical antibiotic treatment, and
adequate pin care or removal.6,19,35,36

Deep pin-tract infection leading to osteomyelitis was
noted in a single case, which had sustained a type 1 open
fracture of the tibia when hit by a car. Although only
reported in a single case, the tibia may be more at risk of
deep pin-tract infections secondary to the limited soft-
tissue coverage over the medial aspect of the tibia leading
to poor extraosseous blood supply and reduced intrame-
dullary blood supply in the early stages following frac-
ture, especially with highly traumatic fractures.19 As the
causative agent of pin tract infection is often a skin con-
taminant, the limited soft-tissue envelope over the tibia
would increase the risk for penetrating infection.19,37 This
is further supported by the finding that open fractures
were associated with major complications.

This study had many limitations inherent to the retro-
spective design. Cases were collected over a long period
of time with multiple different surgeons contributing,

which created variation in technique and case manage-
ment. This may have led to differences in the reporting of
complications and could have introduced bias into the
selection of cases for intraoperative imaging. Given the vari-
ability in reporting, direct comparison with findings
reported in other studies is not possible, especially with
regard to time to union. Contralateral tibial radiographs
were not available to evaluate alignment between limbs
and the effect of tibial shortening. Due to the retrospective
nature of the study, long-term follow up was not available
after fixator removal, which may have led to unreported
complications in the postconvalescent period. Finally, a sec-
ond treatment group of tibial fractures treated with other
fixation methods to compare outcome was not included.

In conclusion, ESF placed using minimally invasive
techniques, with or without intraoperative imaging,
allowed near anatomic frontal and rotational alignment
and is an effective treatment for nonarticular tibia frac-
tures. Most of the complications were minor, self-
limiting, and did not affect short-term outcome. Future
prospective studies including contralateral limb radio-
graphs and long-term follow up are warranted to further
investigate alignment, long-term complications, and
outcomes.
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