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Introduction

Humeral intracondylar fissure (HIF) is a cause of thoracic
limb lameness in dogs1 but can also be an incidental find-
ing.2,3 Affected dogs are predisposed to humeral condylar
fracture during normal activity.4 The incidence is higher in
English Springer Spaniels5 and American Cocker Spaniels,
but other breeds are also affected.6–9 Humeral intracondylar
fissure may be unilateral or bilateral.6

The aetiology of HIF is uncertain and has been attributed
to a failure of the separate centres of ossification of the
humeral condyle to unite.10 Recently, case reports showing

de nouveau formation of a HIF11 and progression of a partial
HIF12 have questioned incomplete ossification of the humer-
al condyle as the underlying mechanism. This theory also
does not explain complete HIF which extends to the supra-
trochlear foramen, given that the intracondylar growth plate
only extends to the distal humeral physis.2 Clinical, radio-
graphic and histopathological findings are more consistent
with HIF as a stress fracture.11

Humeral intracondylar fissure may be associated with
clinically significant lameness.5 Transcondylar screw place-
ment may be considered,1–4 to reduce interfragmentary
motion within the humeral condyle, decrease the risk of
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Abstract Objective The aim of this study was to report postoperative complications and long-
term outcomes following transcondylar screw placement for humeral intracondylar
fissure (HIF).
Study Design It was a retrospective single-centre case series. Medical records (2018–
2022) were reviewed for dogs with HIF treated with transcondylar screw placement.
Data collected included signalment, concurrent orthopaedic disease, partial or com-
plete HIF, surgeon, surgical approach, surgical technique and implant type, trans-
condylar screw angulation, postoperative complications and outcomes. Long-term
outcome was assessed with owner questionnaire, orthopaedic examination and follow-
up radiography. Statistical analysis was performed to identify risk factors predisposing
to a complication or a poor outcome.
Results Forty-seven dogs (57 elbows) met the inclusion criteria; long-term follow-up
was available in 41 dogs (50 elbows). Minor and major medical complications were
noted in seven and three elbows respectively. The total complication rate was 17.5%.
Increasing age was significantly associated with a reduced risk of postoperative
complications (p¼0.0051). No other risk factors were identified. A postoperative
complication was not associated with a less than full outcome (p¼0.5698).
Conclusion Transcondylar screw placement for HIF is associated with a low compli-
cation rate and good outcome.
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condylar fracture and resolve lameness. Surgical techniques
vary. A medial or lateral approach to the humeral condyle is
made, and a variably sized screw13 is placed in position or lag
fashion.14,15 Complementary use of fluoroscopy, arthrosco-
py, three-dimensional (3D)-printed drill guides or cannu-
lated drill systems has been described16–19 and an autograft
or allograftmay be placed at thefissure site.20,21Various HIF-
specific implant systems have been reported.20–22 Despite
the use of multiple techniques, healing of the HIF remains
inconsistent.15 Non-union subjects the transcondylar screw
to cyclic loading and at risk of fatigue failure months to years
later.23

The risks of treatment weighed against the risks of no
treatment informs therapeutic decision-making. Epidemio-
logical metrics such as the number needed to treat,24–26

number needed to harm27 and the absolute risk reduction28

can be used to quantify this.
Transcondylar screw placement has been associated with

a high postoperative complication rate between 35.7 and
69.2%,6,14,16,18,19which includes transcondylar screw failure
or loosening, seromas and surgical site infection. The pres-
ence of complications has been associated with poorer out-
comes.6,18 As such, based on the currently available
literature, the risks associated with transcondylar screw
placement appear to be high.

In occult HIF, the risks of no treatment include developing
lameness or condylar fracture; however, a study reported
that this only occurred in 18 and 6% of dogs respectively.4

In summary, the findings of previous studies6,14,16,18,19

suggests higher risks with transcondylar screw placement
than with non-surgical treatment of HIF. However, in the
authors’ experience, transcondylar screw placement is asso-
ciated with a lower complication rate than previously
reported. Given the impact that this will have on surgical
decision-making, establishing an accurate complication rate
is critical. The purpose of this study is to report the intra-
operative, short-term and, long-term complications and
long-term outcome following transcondylar screw place-
ment for HIF. Analysis of clinical data was performed to
identify risk factors for development of complications.

Materials and Methods

Data Collection
Medical records (EasyVET, VetZ GmbH, Germany) between
February 2018 and December 2022, from a surgical referral
practice in the United Kingdom, were searched for ‘HIF’ and
‘transcondylar screw’ on 29 December 2022 by a single opera-
tor (DL). Records of dogs with HIF diagnosed by computed
tomography imaging of the elbow29 and transcondylar screw
placementwere included. Caseswere included ifaminimumof
12-month follow-up was available and were included regard-
less of approach, screw type, or surgical technique. Cases were
excluded if humeral surgery had previously been performed.

Breed, age, weight, sex, presence and type of concurrent
orthopaedic disease, complete or partial HIF, surgeon, screw
type, medial or lateral approach, method of transcondylar
screwplacement, intraoperative complications, transcondylar

screw angulation and outcome data were collected. Complete
andpartialHIFwere definedas a hypoattenuating line extend-
ing from the articular surface of the humeral condyle to the
supratrochlear foramen, or extendingonlypart-wayacross the
humeral condyle, respectively.29 Transcondylar screw angle
was calculated as previously described.30 Postoperative radio-
graphs were evaluated by a board-certified specialist surgeon
for medial epicondylar fissure fracture, a novel intraoperative
complication.14 Outcomes and complications were defined as
previously described.31 Short-term and long-term outcomes
were recorded. Complications were defined as any complica-
tion occurring after recovery from general anaesthesia. Surgi-
cal site infections were diagnosed according to standard
criteria.32

Imaging and Anaesthesia
All cases had computed tomographic imaging (Revolution
ACT 16-slice (General Electric, Boston, USA) of both elbows
performed under general anaesthesia. Cefuroxime (Zinacef
(GlaxoSmithKline, London, United Kingdom; 20mg/kg) was
administered intravenously 30minutes prior to first incision
and repeated every 90minutes intraoperatively. The admin-
istration of antibiotic medication was not continued in the
postoperative period.

Surgical Procedures
All surgical procedures were performed at the same practice,
either by a board-certified specialist or an experienced
certificate holder. A 3.5 or 4.5mm 316LVM stainless steel
cortical screw (Veterinary Instrumentation, Sheffield, United
Kingdom) was placed via a mini open medial or lateral
approach, according to surgeon preference. Transcondylar
drilling was performed with patient-specific 3D-printed
guides (Vet3D, Cumbria, United Kingdom), a universal aim-
ing device (IMEX Veterinary, Texas, USA) or performed
freehand, according to surgeon preference. The humeral
condyle was drilled with a 2.0mm drill bit to assess trans-
condylar screw trajectory before overdrilling with the ap-
propriately sized drill bit for positional screw placement.
Postoperative radiography confirmed accurate placement of
the transcondylar screw. Patients were hospitalized for 24 to
48 hours with administration of opioid medication and dis-
charged with non-steroidal anti-inflammatory medication
and instructions for lead walks for 4 to 6 weeks.

Short-Term Follow-Up
Short-term follow-up was requested at 4 to 6 weeks postop-
eratively andwas via orthopaedic examination or telephone,
according to surgeon preference. Complications were
recorded on the medical records. Normal exercise resumed
at 8 to 10 weeks postoperatively.

Long-Term Follow-Up
Long-term follow-up was defined as a minimum of
12 months and was routinely obtained via telephone. Two
validated client-reported outcomemeasures,33 the Liverpool
Osteoarthritis in Dogs (LOAD) and Canine Orthopaedic Index
(COI), were completed.Where bilateral transcondylar screws
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were placed, questionnaires were completed for each fore-
limb. Where a less than full outcome was reported, long-
term follow-up was supplemented by orthopaedic examina-
tion and radiography at the same practice.

Statistical Analysis
Statistical analysiswas performedwith commercial software
(SPSS, IBM; New York, United States). Categorical data were
reported as numbers and percentages. Continuous datawere
assessed for normality using the Shapiro–Wilk test. Normal-
ly distributed data were reported as means, standard devia-
tions and ranges. Non-normally distributed data were
reported as medians and ranges. To assess for risk factors
predisposing to complications or a poor outcome, categorical
variables were compared using Fisher’s exact test, while
normally distributed and non-normally distributed contin-
uous variables were compared using a t-test or Mann–
Whitney U test respectively. Where more than two groups
of independent variables were analysed, a Kruskal–Wallis
test was used. Where significancewas noted after analysis of
continuous variables, univariate logistic regression was used
to determine odds ratios with 95% confidence intervals.
Significance was defined as p-value less than 0.05.

Results

Records of 64 dogs (72 elbows) were identified from the
database search. Forty-seven consecutive cases (57 elbows)
met the inclusion criteria, forming the sample population.
There were 34 males (11 neutered) and 13 females (5
neutered). Median age was 38 months (range: 3–130
months). Mean bodyweight was 17.15�5.883 kg (range:
6–31 kg). English Springer Spaniels were overrepresented
(n¼19). Other breeds included the Cocker Spaniel (n¼12),
crossbreed dogs (n¼8), French Bulldog (n¼4), German
Shorthaired Pointer, (n¼1), Labrador Retriever (n¼1),
Cane Corso (n¼1) and Boston Terrier (n¼1).

Concurrent orthopaedic disease was present in 26/47
dogs, which included contralateral humeral condylar frac-
ture (n¼23) and ipsilateral medial coronoid disease (n¼3).

Twenty-six right elbows and 31 left elbows underwent
transcondylar screwplacement. CompleteHIFwas present in
50/57 elbows.

A medial approach was used in 50/57 elbows and a lateral
approach in 7/57. Transcondylar screw placement was per-
formed freehand in 42 elbows; in the remainder placement
was facilitated via 3D-printed guides (n¼7) or a universal
aiming device (n¼8). A 4.5mm cortical screw was used in
50/57 elbows and a 3.5mm cortical screw in 7/57 elbows.
Thirty-seven dogs underwent unilateral transcondylar screw
placement, while ten dogs had bilateral transcondylar screw

placement in a single-stage procedure. One intraoperative
complication was noted whereby the transcondylar screw
placed freehand was placed intraarticularly, necessitating
repeat placement.

Medial epicondylar fissure fracture was not noted on the
postoperative radiographs in any of the 57 operated elbows.
Screw angulation with each transcondylar screw placement
method is shown in ►Table 1.

There were minor complications in six dogs (seven
elbows), consisting of lateral seromas (n¼5) and medial
seromas (n¼2). There were major medical complications in
three dogs (three elbows), where surgical site infection was
suspected after postoperative lameness prompted non-rou-
tine re-examination. Physical examination and arthrocent-
esis findings (►Table 2) were consistent with bacterial septic
arthritis. All three were managed medically with amoxicillin
clavulanate, based on culture and sensitivity where avail-
able, resulting in resolution of lameness and subsequent full
function. There were no cases with concurrent minor and
major medical complications. There were no major surgical
or catastrophic complications. The total complication rate
was 10/57 elbows

Short-term follow-up via orthopaedic examination with
the attending surgeonwas available in 21 dogs (28 elbows) at
amedian of 43 days (range: 13–195days). Short-term follow-
up was conducted remotely via telephone in 11 dogs (12
elbows) at a median of 42 days (range: 22–50 days). Fifteen
dogs (17 elbows) were lost to short-term follow-up.

Long-term follow-up was available in 41 dogs (50
elbows). All dogs were alive at the time of long-term
follow-up except for two dogs (two elbows) who were
euthanized for unrelated disease. One dog (two elbows)
developed immune-mediated polyarthritis within 1 year
of transcondylar screw placement and was excluded due
to potential confounding. Long-term follow-upwas obtained
remotely in 36 dogs (44 elbows). Gait assessment and
orthopaedic examination were performed in the remaining
five dogs (six elbows). Of these five dogs, four were exam-
ined due to the presence of a mild or intermittent lameness
or the requirement for analgesics. The remaining dog was
examined for a contralateral humeral condylar fracture
follow-up. In one dog, examination of the operated elbow
was unremarkable and client consent for radiography was
withheld. In the remaining four dogs (five elbows), radiog-
raphy was performed which showed no transcondylar-
screw-associated complications.

Full functionwas reported in 37 dogs (45 elbows). Accept-
able function was reported in four dogs (five elbows). No
unacceptable outcomes were reported. The LOAD and COI
questionnaires were completed for all 50 elbows. Mean time
to follow-up was 907�377.4 days (range 361–1820 days).

Table 1 Median screw angulation with each TCS placement method and ranges in brackets

3D-printed guides Universal aiming device Freehand

Screw angulation 2.7 degrees (1.8–14.5 degrees) 4.8 degrees (0.5–8.7 degrees) 9.4 degrees (0.5–21.5 degrees)

Abbreviation: 3D, three-dimensional; TCS, transcondylar screw.
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Median LOAD and COI scores were 0.5 (range: 0–16) and 1
(range: 0–20) respectively. Thirty-seven dogs (45 elbows)
returned a LOAD score of 10 or less. Four dogs (five elbows)
returned a LOAD score between 11 and 20 (►Fig. 1). Thirty-
nine dogs (47 elbows) returned a COI score of 10 or less. Two
dogs (three elbows) returned a COI score between 11 and 20
(►Fig. 2).

Due to the low number of complications, statistical anal-
ysis was performedwithmajor andminor complications as a
whole. A significant risk reductionwas foundwith increasing
age (p¼0.0051, odds ratio¼0.6052 for year increase, [95%
confidence interval¼0.3819–0.9590]). All other risk factors
assessedwere not significantly associatedwith development
of a complication (►Appendix Table 1, available in the online
version). Transcondylar screw placement method was
significantly associatedwith a difference in screw angulation
(p¼0.02356).

A complication was not associated with a less than full
outcome (p¼0.5698), a LOAD score of more than 10 (p¼1.0)
or a COI score of more than 10 (p¼0.4561).

Discussion

In comparison to previous studies evaluating complications
associated with transcondylar screw placement for HIF, this
study reports a lower complication rate of 17.5% associated
with good long-term clinical outcomes in a population of
client-owned dogs. Increasing age at time of surgery was
associated with a reduced risk of postoperative complica-
tions. Method of transcondylar screw placement was
associated with screw angulation but neither were associat-
edwith the riskof postoperative complications. The presence
of a postoperative complication did not impact long-term
outcome.

Table 2 Major complications after TCS placement

Case Signalment Contralateral
elbow

Complication Arthrocentesis
results

Treatment Outcome

1 10m M
French
Bulldog

Bicondylar fracture,
medial and lateral
plate and TCS

Bacterial
septic arthritis
17 days
post-surgery

Staphylococcus
pseudintermedius,
neutrophilic
inflammation

Amoxicillin-clavulanate
20mg/kg PO BID for 10
weeks

Full outcome

2 2y, 8 m MN
Crossbreed

No pathology Bacterial
septic arthritis
10 days
post-surgery

Negative bacterial
growth, neutro-
philic inflammation

Amoxicillin-clavulanate
12.5mg/kg PO BID for 6
weeks

Full outcome

3 4mM English
Springer
Spaniel

HIF and TCS at
same surgery

Bacterial
septic arthritis
63 days
post-surgery

Staphylococcus
pseudintermedius,
neutrophilic
inflammation

Amoxicillin-clavulanate
25mg/kg PO BID for 6
weeks

Full outcome

Abbreviations: BID, twice a day; HIF, humeral intracondylar fissure; PO, per os; TCS, transcondylar screw.

Fig. 1 Long-term outcome data determined via Liverpool Osteoarthritis in Dogs (LOAD) questionnaire.
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Complication rates between 35.7 and 69.2% were previ-
ously reported.6,14,16,18,19 Although variation in case selec-
tion, surgical technique and perioperative management do
not allow direct comparison between studies, this study’s
findings pertain directly to therapeutic decision-making.
Previously, it was thought that the benefit of transcondylar
screw placement, namely the reduced risk of humeral con-
dylar fracture, did not outweigh the risk of complications.4

The low complication rate and good outcomes reported
herein suggest that the risks of treatment may be lower
than previously reported. That being said, the consequences
of untreated HIF remain unquantified. The use of number
needed to treat, number needed to harm and absolute risk
reduction metrics would be needed; however, this would
require a control group and several years of follow-up. This
was beyond the scope of this study but should be a focus for
future research.

The difference in complication rates between studies may
be partly explained by a learning curve. A surgical learning
curve with transcondylar screw placement has not been
specifically investigated but has been demonstrated in other
veterinary orthopaedic procedures.34 The prevalence of HIF
in dogs in the United Kingdom is unknown15 but likely
relatively low, as reflected in the sample sizes of this study
and that of previous studies.6,14,16,18,19 A downward trend in
complication rate is expected as surgeons become more
proficient with the procedure. Indeed, other authors14 re-
cently reported a complication rate of 24.9%, although this
was not their primary objective. A medial approach was
overrepresented in our study, which may also be associated
with a lower risk of complications.6,14,35

This study did not find a significant association between
laterality of approach and risk of complications, although
findings were approaching significance. Considering the
sample size and low complication rate, a type II error cannot
be ruled out. Other factors are consideredwhen choosing the

surgical approach. Medial-to-lateral drilling has been shown
to increase the risk of joint penetration.36 Prospective,
randomised studies investigating the optimal surgical ap-
proach are warranted.

This study found that increased age at the time of surgery
was associated with a reduced risk of complications. This
may be explained by reduced activity in older dogs or
because greater bone density in older dogs offers greater
transcondylar screw stability and pull-out resistance. Alter-
natively, the aetiology of HIF may be different in young
versus older dogs. Previous studies have not found such an
association and instead reported an increased risk of com-
plications with increasing bodyweight,16,18,37whichwas not
borne out by this study.

No postoperative antibiotic medications were adminis-
tered in this study, yet a relatively low rate of surgical site
infectionwas observed (5.3%). This is similar to other elective
orthopaedic procedures such as tibial plateau levelling
osteotomy, with reported surgical site infection rates be-
tween 6.8 and 7.7%.38,39 Postoperative antimicrobials in
veterinary surgery are an area of controversy and have not
consistently been shown to be protective against surgical site
infection.38,40,41 Themini open surgical approach, technique
and choice of implants herein are likely to have had an
effect.15 Given the comparably low surgical site infection
rate reported, this study supports the use of perioperative
antibiotic prophylaxis alone.

The English Springer Spaniel was overrepresented in this
study. This is also reflected in other studies1,3 and may allow
limited extrapolation of these findings to other dogs. The
samplepopulation also includedFrenchBulldogs and a limited
numberofotherbreeds. FrenchBulldogspresentwithhumeral
condylar fracture at a younger age42,43 and therefore the
aetiology of HIF in this population of skeletally immature
dogs cannot be assumed to be similar to that in Spaniels. By
extension, the aetiologyofHIF in other breeds is also unknown

Fig. 2 Long-term outcome data determined via Canine Orthopaedic Index (COI) questionnaire.
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and the HIF lesions among the sample population were likely
heterogeneous and a source of uncontrolled bias.

Transcondylar screwangulationwas associatedwith place-
ment method, with 3D-printed guides resulting in an angle
closest to 0degrees. A universal aiming device was less accu-
rate than a 3D-printed guide butmore accurate than freehand
placement. An ex vivo study reported that screw angulation
was as accuratewhen placedwith an aiming device compared
with fluoroscopy.44 However, the clinical significance of an
angled transcondylar screw is unknown, and in this study,was
not shown to be associatedwith an increased risk of postoper-
ative complications. Transcondylar screw angulation has been
investigated in humeral condylar fracture repair30,37 and a
greater anglehasbeenshowntoresult ina larger intracondylar
fracture gap. The clinical significance of a greater transcondy-
lar screwanglewhenused for treatmentofHIF isunknownand
represents an area for further study.

The complication rate reported herein should be inter-
preted in light of the methodology. Short-term follow-up via
orthopaedic examination was only available in 28/57 of
elbows. This may have led to underestimation of the true
complication rate because of a lackof systematic orthopaedic
and radiographic follow-up and limited client recognition of
signs. While the long-term follow-up rate of this study was
high (50/57 elbows), the development of undetected late
complications is possible andmayhavebeenunderestimated
by remote follow-up, which is limited by client recall and is
subject to participation bias.

Although no transcondylar screw failure was found
through long-term follow-up, late transcondylar screw fail-
ure is a lifelong risk. This may occur beyond twelve months
and up to four years after surgery.18,23 Plain radiography and
computed tomography are also limited in detecting trans-
condylar screw failure.18,45 Therefore, false-negative radio-
graphic results could not be completely excluded.

This study is limited by its retrospective nature, and the
lack of a control group managed non-surgically, long-term
radiographic follow-up in the majority or lifelong follow-up.
Many cases also had contralateral humeral condylar fracture,
which would have confounded lameness assessment. The
small sample size, andnumber of complications in particular,
may have led to non-identification of statistical associations.
Finally, the single-centre nature of the study introduces a
regional genetic and lifestyle bias which may not necessarily
be applicable to the general canine population.

Overall, this study suggests that transcondylar screw
placement for HIF is associated with a low complication
rate and good outcome. Increasing age was associated with
a lower risk of complications. Outcome was not affected by
the presence of a complication. Screw angulation is depen-
dent on method of transcondylar screw placement.
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