
209

of a non-union.9,10 Additionally, non-union
will occur if there is excessive fracture gap
motion, large fracture gaps, and if there is a
poor local blood supply.11

METHODS
A retrospective analysis of clinical and radi-
ographic records of cats treated for long
bone fractures from 1990 to 2005 was car-
ried out to ascertain the incidence of non-
union. All cats presented during this period
were included in the survey, as long as suf-
ficient radiographic data existed to confirm
that healing had taken place. Healing was
judged to have occurred in accordance with
clinical and critically radiographic data.
Clinical evidence of bone healing was based
on stability, soundness, and lack of pain.
For the purposes of this study, any long
bone that was not healed on radiographs by
9 months after the original fracture was
deemed to be a non-union. Cats operated by
first opinion surgeons and second opinion
surgeons were included in the analysis.

In an effort to provide some enlighten-
ment as to the highest associations with
non-union, the data for injury complexity,
multiple injuries, and treatment method
were concentrated on specifically. Injury
complexity specifically referred to open,
comminuted, or infected fractures. If there
was a significant other injury, in particular
another bone fracture, it was also recorded.
Treatment method was categorized to high-
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ABSTRACT
The analysis of the radiographic and clinical
records of 233 cats revealed that the inci-
dence of non-union of long bone fractures
in cats was 0.85%, with only 2 out of 233
fractures ending in non-union. Data from
cats treated prior to referral by a first opin-
ion surgeon and following treatment by a
second opinion surgeon were included in
this study, where 91% were operated on by
the latter only. Previous reports have put the
incidence of non-union in cats at 5.2%. In
both cases, the cause of non-union was
inadequate fixation of distal tibia fractures
using an intramedullary pin. Eighty-five
percent of cats were treated by external
skeletal fixation and a non-union did not
occur in this treatment group.

INTRODUCTION
Once the healing process has ended, and the
bone fragments will not unite without surgi-
cal intervention, then a non-union is
present.1 There are many reports in the liter-
ature about non-union in dogs.2-4 The inci-
dence of non-union in cats has been
reported rarely5-7 whilst a feline experimen-
tal tibial non-union model has been devel-
oped.8 Inadequate fixation, severe soft tissue
injury, comminution, open wounds, and
multiple injuries predispose to the formation
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light management issues and their relation
to non-union. Both cases of distal tibia non-
union were managed successfully by pro-
viding simple anti-rotational external
skeletal fixation without bone grafting
(Figures 1-3).

RESULTS
Bone fractures occurred predominantly in
the hind legs with 38% femurs and 41% tib-
ias (Table 1). Complex injuries as defined in
this study as any degree of comminution
infection or open fracture were extremely
common with only 12% classified as sim-
ple. Having more than 1 bone fractured did
not predispose to a non-union, as none of

the 12 cats in this study with multiple bone
fractures developed non-unions. The pre-
dominant method of fixation was external
skeletal fixation, with 85% of all cats treat-
ed by this method. The 2 cats that had non-
unions had identical histories, with both cats
sustaining mildly comminuted distal tibias
fractures that were treated by intramedullary
pinning. Only 20 cats treated by first opin-
ion surgeons were included and all of these
were subsequently operated on by second
opinion surgeons. The 2 non-union cases
occurred in this group of 20 cats treated by
first opinion surgeons.

Figure 1. Dorsoventral view of the 12-month
postoperative repair performed by first opin-
ion clinic.

Figure 2. Lateral view of the 12-month post-
operative repair performed by first opinion
clinic.
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DISCUSSION
This study gives a very low incidence for
non-union in cats, being only 0.85%, which
is very different to the 5.2% (18 of 344 cats)
reported previously.5 Furthermore, the latter
report5 included all fractures, and not exclu-
sively long bone fractures as in this study,
and this would raise their incidence of non-
union even higher. If all the non-unions in
that study5 that occurred in long bones only
were analyzed, then the incidence of non-
union in long bones would then be 8.4%.
Given that the number of long bone frac-
tures in cats is similar between this study
and the one main paper on feline non-
union,5 the difference in non-union rates
highlights the issue of non-union in cats and
indicates a need for further studies. In other
fracture survey publications, the incidence

of feline non-union were reported as 2.1%6

and 2.5%.7

The predisposing factors for non-union
are, apart form general health and metabolic
issues, local issues to do with bone and soft
tissue vascularity and viability complete
with level of fixation. In this study, severity
of the injuries to bone and soft tissues rang-
ing from grossly infected to severely com-
minuted was not commonly associated with
the occurrence of a non-union. The authors
are of the opinion that this reflects the treat-
ment plan rather than disputes the contribu-
tion of these factors to the formation of a
non-union. However, it can be said from
this study that severe tissue damage can be
dealt with more effectively in a cat than a
dog, and is less likely to lead to non-union.

The causes of non-union in cats in this
study are site and treatment choice. The dis-
tal tibia can be a difficult area to achieve
adequate fixation due to the sparseness of
bone, and there is less soft tissue coverage
which in itself means less available vascu-
larity to assist repair. Intramedullary pinning
is a common method of fracture repair in
cats, especially at first opinion clinics. It is
well known that its inherent weakness is the
inability to resist rotational forces. This
weakness would be evident by expressing
itself in a critical fashion when used to treat
distal tibia fractures, which by their proxim-
ity to the foot makes them more prone to
rotation in the first place. The rotational
forces would lead to shear stress of granula-
tion tissue, which would completely disrupt
any opportunity to build a scaffold for
resisting motion. In both cases of non-
union, the failure to unite was solely due to
excessive rotation with associated fracture
gap, and elimination of this failing of the
initial fixation was the treatment choice
without bone grafting. However, bone graft-
ing was kept as an option if after providing
anti-rotational stability there was still no
healing present, it could be used as an addi-
tional procedure later. As both cases went
on to heal with the extra stability provided,
bone grafting was not required.

Intern J Appl Res Vet Med • Vol. 4, No. 3, 2006.

Figure 3. Dorsoventral view of the 12-week
postoperative repair performed by the sec-
ond opinion clinic, using antirotational exter-
nal skeletal fixation.
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In humans, the most common site for
non-union is the distal tibia,9 whereas in
dogs the distal radius is the most common
site . The sites of the highest incidences of
non-union in the 3 species (human, dog, cat)
are in the areas of low soft tissue coverage.
Furthermore, when one considers that if dis-
tal radius/ulna (toy breeds) fractures were
excluded from data, quite possibly the tibia
may also be the most common site in dogs,
too. In one previous survey by Richardson
and Thacher,7 there were 2 cases of non-
union out of 100 feline tibia fractures.
Treatment of distal tibia fractures in cats
should not be achieved using intramedullary
pins on their own.

ACKNOWLEDGEMENTS
We would like to express our gratitude to
all the veterinary surgeons who referred the
cases in the first place and to the clients and
veterinary surgeons who assisted us in col-
lecting the data for this study.

REFERENCES
1. Robello GT, Aron DN. Delayed and non-union

fractures. Semin Vet Med Surg (Sm Anim)
1992;7:98-104.

2. Vaughan LC. A clinical study of nonunion frac-
tures in the dog. J Sm Anim Pract 1964;5:173-
177.

3. Sumner-Smith G, Cawley J. Nonunion of frac-
tures in the dog. J Sm Anim Pract 1970;11:311-
325.

4. Bartels KE. Nonunion. Vet Clin N Am
1987;17:799-809.

5. Nolte DM, Fusco JV, Peterson ME. Incidence of
and predisposing factors for non-union of frac-
tures involving the appendicular skeleton in cats;
18 cases (1998-2002). J Am Vet Med Assoc
2005;226:77-81.

6. Knecht CD. Fractures in cats: a survey of 100
cases. Feline Pract 1978;8:43-46.

7. Richardson EF, Thacher CW. Tibial fractures in
cats. Comp Contin Edu Pract Vet 1993;15:383-
394.

8. Toombs JP, Wallace LJ. Evaluation of autogenic
and allogenic cortical chip grafting in a feline tib-
ial non-union model. Am J Vet Res 1985;46:519-
528.

9. Boyd HB. Observations on non-union of the
shafts of the long bones, with a statistical analysis
of 482 patients. J Bone Joint Surg 1961;43A:159-
168.

10. Sumner-Smith G. Delayed unions and nonunions.
Diagnosis, pathophysiology, and treatment. Vet
Clin N Am Sm Anim Pract 1991;21:745-760.

11. Key JA. The effect of a local calcium depot on
osteogenesis and healing of fractures. J Bone
Joint Surg 1934;16A:176-184.

Table 1. Fracture Classification.

Bone No.
+ Complex

Injuries
More Than 

1 Bone

Treatment Method

Pin ESF Plate Cast
Non-
Union

Humerus 33 25 2 10 23 0 0 0

Radius/ulna 15 4 0 0 8 5 2 0

Femur 89 81 5 18 71 0 0 0

Tibia 96 96 5 0 96 0 0 2

+ Complex Injuries = any fracture that is open or comminuted to any degree; ESF = external skeletal fixation.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


