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INTRODUC TION

The Salter-Harris type-II fracture is one of the most common 
fracture configurations of the first phalanx (P1) occurring in foals 
(Levine & Aitken,  2017; Richardson,  2020). In complicated or dis-
placed fractures, internal fixation is recommended (Auer,  2015; 
Richardson, 2020).

Surgical site infection following internal fracture fixation occurs 
in 10–28% of horses and is one of the most dreaded postoperative 

complications (Ahern et al., 2010; MacDonald et al., 1994). The high 
numbers might be explained by the affinity of infectious pathogens 
for bone, joint surfaces and particularly implants (Goodrich, 2020). 
Foals are additionally predisposed to postoperative osteomyelitis 
(Clegg, 2011; Goodrich, 2020).

Systemic and local antimicrobial therapy, curettage, implant 
removal or replacement and bone grafting are components of os-
teomyelitis treatment (Biasutti et al.,  2021; Dernell,  1999; Lischer 
& Mählmann, 2022; Markel, 2020; Newman et al., 2013). In case of 

Received: 27 December 2022 | Accepted: 29 April 2023

DOI: 10.1111/eve.13822  

C A S E  R E P O R T

Alternative approach for fracture fixation following implant 
infection in a Salter-Harris type-II fracture of the proximal 
phalanx in a Warmblood foal

Andrey Kalinovskiy  |   Anna Ehrle  |   Eva Müller |   Christophorus Lischer

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2023 The Authors. Equine Veterinary Education published by John Wiley & Sons Ltd on behalf of EVJ Ltd.

Equine Clinic Freie Universitaet Berlin, 
Berlin, Germany

Correspondence: Andrey Kalinovskiy
Email: a.kalinovskiy@fu-berlin.de

Summary
A 2-day-old female Warmblood foal (70 kg) presented with a closed, displaced Salter-
Harris type-II fracture of the proximal physis of the left hind first phalanx. The fracture 
was repaired with four 4.5 mm cortical screws and a wire in a figure-of-8 pattern applied 
on the lateral and medial aspect of the phalanx, respectively. A 4.5 mm cortical screw 
was additionally inserted in lag-fashion to engage the lateral metaphyseal spike. Three 
days postoperatively, medial and proximal displacement of the distal fracture fragment 
and implant infection were apparent and revision surgery was performed. Previous im-
plants were removed and two 4.5 mm transphyseal cortical lag-screws were placed in 
proximolateral–distomedial and dorsoproximal–plantarodistal direction across the physis 
and the fracture line. Postoperatively, the fracture healed rapidly and the implants were 
removed 6 weeks later. Nineteen months after implant removal, the horse did not show 
any sign of lameness, despite a shortening of the proximal phalanx compared to the con-
tralateral limb. In cases of postoperative implant instability and infection, implant removal 
often becomes necessary. However, new implants cannot be placed safely in the previous 
location. To avoid this problem, this report describes an alternative approach for screw 
positioning in case of previous implant infection in a Salter-Harris type-II fracture of the 
proximal physis of the first phalanx.
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implant infection, bacteria produce a biofilm that is very difficult to 
penetrate for the immune system or antimicrobial agents (Borriello 
et al., 2004; Stoodley et al., 2005). Recent reports showed that de-
spite local and systemic antimicrobial therapy, wound debridement 
and removal of infected implants are essential for the elimination 
of the infection and prevention of further damage to the surround-
ing tissues (Donati et al., 2021; Goodrich, 2020; Nunamaker, 2020). 
However, if the fracture has not healed sufficiently at the time of 
infection, removal of the implants can result in a high risk of in-
stability, refracture and delayed- or non-union (Goodrich,  2020; 
Ruggles, 2020). In these cases, alternative methods for stabilisation, 
such as a transfixation pin casting or implant replacement may be 
required (Ortved & Richardson, 2021).

Whilst placing new implants in the previously infected locations 
should be avoided, finding alternative positions for the insertion of 
new implants poses a challenge, especially in small bones like the P1 of 
a foal with a short segment fracture configuration. To the best of the 
authors' knowledge, this is the first report that describes an alternative 
approach for screw replacement in case of previous implant infection 
in a Salter-Harris type-II fracture of the proximal P1 physis in a foal.

CLINIC AL REPORT

History

A female Warmblood foal was found with an acute left hindlimb 
lameness one day after birth. A P1 fracture was diagnosed by the 

referring veterinarian. The fracture was immobilised with a distal-
limb cast and the foal was referred for surgical repair.

Clinical and radiographic findings

On admission, the foal was alert and responsive and in good body 
condition (bodyweight 70 kg). Left hindlimb lameness grade 4/5 
(AAEP) was evident at the walk. Physical examination, blood haema-
tology and biochemistry were unremarkable.

Radiographic examination through the distal-limb cast confirmed 
a displaced Salter-Harris type-II fracture of the left hind proximal P1. 
A metaphyseal spike was present on the lateral aspect and severe 
dislocation of the distal P1 fragment in a medial direction was evi-
dent (Figure 1).

Initial surgery

Flunixin-meglumine (Flunidol; 1.1 mg/kg bwt i.v., CP-Pharma 
Handelsgesellschaft mbH), ceftiofur (Excenel; 4.4 mg/kg bwt i.v., 
Zoetis Germany GmbH) and tetanus serum (Tetanus–Serum; 8.000 
I.U./kg bwt i.m., WDT-Wirtschaftsgenossenschaft Deutscher 
Tierärzte eG) were administered prior to sedation. The foal was 
sedated with butorphanol (Butorgesic; 0.025 mg/kg bwt i.v., CP-
Pharma Handelsgesellschaft mbH) and general anaesthesia was 
induced with midazolam (Midazolam-Ratiopharm; 0.25 mg/kg bwt 
i.v., Ratiopharm GmbH) and ketamine (Ketamin; 2.2 mg/kg bwt i.v., 

F I G U R E  1  Lateromedial (a) and dorsoplantar (b) radiograph of left hind Salter-Harris fracture type-II in a 2-day-old Warmblood foal with 
distal-limb cast in place. Note the displacement of the distal first phalanx fragment in a medial direction with close proximity to the skin/
subcutaneous tissue (white arrow).

(a) (b)
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CP-Pharma Handelsgesellschaft mbH). The foal was hand-supported 
during the induction phase. General anaesthesia was maintained 
with isoflurane (Isofluran CP; minimum alveolar concentration 1.0, 
CP-Pharma Handelsgesellschaft mbH). The foal was placed in left 
lateral recumbency, and the cast was removed.

Besides the instability of P1, soft tissue swelling and a superficial 
cast sore were noted on the medial aspect of the fetlock. There was 
however no evidence for a skin penetration that would suggest an 
open fracture. Following routine aseptic preparation and draping, 
the fracture was reduced using pointed reduction forceps under flu-
oroscopic guidance (C-arm, BV Pulsera, Philips Medical System DMC 
GmbH). Temporary fracture stabilisation was achieved by inserting 
a Steinmann pin (2 mm) through a stab incision into P1 across the 
fracture plane (Figure 2).

All implants were also positioned through stab incisions and care 
was taken to avoid injury to the proximal P1 growth plate. One 4.5 mm 
cortical screw (22 mm) was inserted proximal to the fracture gap into 
the P1 epiphysis and one (26 mm) distal to the fracture gap into the 
P1 metaphysis in mediolateral direction. Cerclage wire (1.2 mm) was 
used to engage the screw heads in a figure-of-8 pattern and tight-
ened. The Steinmann pin was removed, and a 4.5 mm cortical screw 
(42 mm) was inserted in lag-fashion in a lateromedial direction in the 
lateral metaphyseal spike to reduce the vertical fracture line. The op-
erating table was elevated to gain access to the lateral aspect of the 
limb. Similar to the medial side, one 4.5 mm cortical screw (22 mm) 
was placed proximal, and one (32 mm) distal to the fracture gap with a 
figure-of-8 cerclage wire on the lateral aspect of P1 (Figure 2).

The surgical wounds were flushed, and the stab incisions 
closed in simple interrupted pattern (USP 2-0 polypropylene). 
Regional limb perfusion with tobramycin (Gernebcin; 180 mg, 
Infectopharm Arzneimittel und Consilium GmbH) was per-
formed and a distal-limb cast applied (Lischer & Mählmann, 2022; 
Newman et al., 2013). The hand-assisted anaesthetic recovery was 
uneventful.

Postoperative care

Anti-inflammatory (Flunixin-meglumine; Flunidol; 1.1 mg/kg bwt i.v. 
twice daily, CP-Pharma Handelsgesellschaft mbH) and antimicrobial 
therapy (Ceftiofor; Excenel; 4.4 mg/kg bwt i.v. twice daily, Zoetis 
Germany GmbH) was administered postoperatively. Three days 
after surgery, reduced weightbearing of the left hindlimb was noted 
and radiographic examination identified instability of the fracture 
fixation with medial axis deviation of P1 (Figure 3). Revision surgery 
was deemed necessary at this point.

Revision surgery

The setup and general anaesthesia were identical to the first sur-
gery. However, the foal was placed in right lateral recumbency. Upon 

removal of the cast, dehiscence and purulent exudation with implant 
infection in the region of the medial surgical approaches became 
obvious. Bacterial culture found Enterococcus faecalis to be associ-
ated with the infection. Synoviocentesis of the metatarsophalangeal 
joint did not identify evidence for septic arthritis (white blood cell 
count: 0.96 × 109/L; total protein: 3.8 g/dL). All sutures and implants 
were removed, and ultrasonic-assisted wound debridement (UAW) 
(SONOCA-185, Söring GmbH) was performed. Temporary frac-
ture stabilisation was achieved with a Steinmann pin as described 
previously.

A 4.5 mm cortical screw (54 mm) was inserted via a stab incision 
in a proximolateral–distomedial direction in lag-fashion across the 
proximal P1 physis. Following the removal of the Steinmann pin, a 
second 4.5 mm cortical screw (54 mm) was inserted transphyseal in 
a dorsoproximal–plantarodistal direction (Figure  4). The incisions 
were flushed and closed as described for the first surgery. The 
wounds from the initial surgery were left open for drainage and sec-
ondary intention wound healing. Regional limb perfusion with tobra-
mycin (Gernebcin; 180 mg, Infectopharm Arzneimittel und Consilium 
GmbH) was performed and a distal-limb cast applied. Hand-assisted 
anaesthetic recovery was uneventful.

Postoperative care

Anti-inflammatory therapy was continued as described in a de-
creasing dosage regime for 2 weeks. Based on susceptibility test-
ing, antimicrobial therapy was changed to benzylpenicillin-procaine 
(Procaine-Penicillin-G; 20.000 I.U./kg bwt i.m. once daily, WDT-
Wirtschaftsgenossenschaft deutscher Tierärzte eG) and adminis-
tered for 10 days.

Postoperatively, the foal was bearing full weight on the left 
hindlimb. During the first four postoperative weeks, the cast was 
changed once weekly under short general anaesthesia (see protocol 
above). The wounds from the initial surgery were treated with UAW 
and covered with gentamicin-impregnated swabs (Genta; 500 mg, 
CP-Pharma Handelsgesellschaft mbH). Regional limb perfusion 
(tobramycin; Gernebcin; 180 mg, Infectopharm Arzneimittel und 
Consilium GmbH) and radiographic examination were performed 
simultaneously.

The surgical wounds and the fracture healed without any fur-
ther complications. The distal-limb cast was removed after 4 weeks 
and replaced with a Robert-Jones bandage. Digital hyperextension 
with moderate cast sores on the plantar surface of the fetlock were 
present at that point. Six weeks after revision surgery, radiographic 
examination confirmed adequate fracture healing, and the implants 
were removed via stab incisions under general anaesthesia (see pro-
tocol above) and fluoroscopic guidance.

Following implant removal, a glue-on hoof shoe with heel ex-
tension was applied to support the digital hyperextension. Weight 
bearing of the left hindlimb was consistently good, and the foal was 
discharged from the hospital one week later.
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Clinical outcome and follow-up

Upon follow-up examination 4 weeks after implant removal, the 
foal presented without lameness at the walk and trot. Mild swell-
ing of the left hind fetlock was still present. As the digital hy-
perextension had improved, the hoof shoe with extension was 
removed, and the mare and foal were turned out onto a small 
pasture.

Radiographic examination 7 weeks after implant removal con-
firmed complete closure of the physis and fusion of the associated 
fracture lines with no sign of axial deviation or osteoarthritis of the 
metatarsophalangeal joint (Figure 5). The periarticular swelling had 

decreased, and flexion and extension of the joint was possible with-
out restriction. Mare and foal were turned out with their herd.

During the examination 19 months after implant removal, the 
filly had remained sound and showed physiological fetlock range of 
motion. Whilst there was no obvious hindlimb asymmetry of motion 
and stride, shortening of the left hind P1 was visible when compared 
to the contralateral side. Radiographic examination did not identify 
evidence for progressing fetlock osteoarthritis despite the pres-
ence of an osteochondral fragment on the lateral aspect of the joint 
and a cystic-like lesion (CLL) in the medial proximal sesamoid bone 
(Video S1 and Figure 6).

DISCUSSION

This report describes the management of implant instability and in-
fection following fracture repair in a Salter-Harris type-II fracture 
of the proximal P1 physis in a foal by utilising a minimally invasive 
alternative approach for screw positioning.

Postoperative implant-associated infection is the most frequent 
indication for implant removal in the horse (Auer,  2019; Donati 
et al., 2021; Ruggles, 2020). However, little information is available 
considering the procedure in cases where the fracture is still un-
stable. Alternative methods for fixation including transfixation pin 
casting and implant replacement in other locations with and without 
debridement of osteomyelitic bone are described (Goodrich, 2020; 
Ortved & Richardson, 2021). However, to the best of the authors' 
knowledge, a detailed description of an alternative approach for in-
ternal stabilisation of a proximal P1 physeal fracture following im-
plant infection is not available in the current literature.

Internal fixation has several advantages compared to the appli-
cation of external skeletal fixators, which is why it was preferred 
(Auer, 2015; Levine & Aitken, 2017; Richardson, 2020; Van Spijk 
et al., 2015). Some authors recommend maintaining the implants 
in place and treating the infection locally and systemically with 
antimicrobial drugs until sufficient fracture stability is achieved 
(Ortved & Richardson, 2021). However, Ruggles (2020) describes 
the risk of irreversible damage of adjacent synovial structures due 

F I G U R E  2  (a) Intraoperative image of the initial surgery with 
pointed reduction forceps and Steinmann pin used for temporary 
stabilisation of the left hind Salter-Harris type-II fracture in a 
2-day-old Warmblood foal. Two needles were inserted dorsally to 
outline the P1 proximal physis. The proximal needle on the medial 
side marks the joint space and the distal needle is at the position 
for the distal medial screw. Lateromedial (b) and dorsoplantar 
(c) fluoroscopic projections showing the first surgical steps. 
The Steinmann pin was inserted into the first phalanx across 
the fracture plane in a dorsoproximal–plantarodistal direction. 
Lateromedial (d) and dorsoplantar (e) projections at the end of 
initial surgery, showing the fracture repair. A 4.5 mm cortical screw 
and wire (1.2 mm) repair was positioned on the lateral and medial 
aspect of the proximal phalanx, respectively. A 4.5 mm lag-screw 
was inserted in a lateromedial direction to engage the vertical 
fracture line associated with the metaphyseal part of the fracture.

(a)

(b) (c)

(e)(d)
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F I G U R E  3  Lateromedial (a) and dorsoplantar (b) radiographs obtained 3 days after repair of a Salter-Harris type-II fracture in a 5-day-old 
Warmblood foal with distal-limb cast in place. Note the medial axis deviation on the dorsoplantar projection showing fracture displacement 
in a mediolateral direction.

(a) (b)

F I G U R E  4  Revision surgery: Lateromedial (a) and dorsoplantar (b) radiograph of left hind Salter-Harris fracture type-II in a 12-day-old 
Warmblood foal following implant infection and revision surgery. Two 4.5 mm transphyseal screws were inserted in lag-fashion, one in a 
proximolateral–distomedial and one in dorsoproximal–plantarodistal direction. Note the close position to the articular surface of both screw 
heads.

(a) (b)
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to implant-induced osteomyelitis. Because of the combination of 
instability and infection, it was decided to remove the implants 
early to avoid possible damage to the metatarsophalangeal joint 
as well as the development of physitis and further axial deviation 
of the fracture.

Sufficient fracture stabilisation was achieved using two 4.5 mm 
cortical screws only. Size and position of the screws as well as exter-
nal coaptation were crucial for the postoperative stability of the con-
struct. Whilst screw insertion in lag-fashion through the metaphyseal 
spike has been already described, reports of transphyseal fixation 
of a Salter-Harris fracture in dorsoproximal–plantarodistal direc-
tion are not currently available (Klopfenstein Bregger et al., 2016; 
Richardson & Ortved, 2019). Van Spijk et al. (2015) reported a more 
stable fixation of P1 Salter-Harris type-II fractures using two lock-
ing compression plates. Since all recently described types of fixation 
require implant positioning on the lateral or dorsal side of P1, they 
are disadvantageous in case of local infection. The tension side of P1 
and therefore the optimal site for fracture fixation would be on the 
palmar/plantar aspect of the bone. However, the anatomical condi-
tions make the approach very difficult here (Auer, 2015; Markel & 
Richardson, 1985).

The current recommendation for patient positioning during 
repair of a Salter-Harris type-II fracture is to place the metaphy-
seal spike upwards to ease fracture reduction (Richardson,  2020). 
However, in the present case, a superficial cast sore was located on 
the medial aspect of the limb. For better intraoperative visualisation 
of the injury and placement of the implants as far away from the skin 
defect as possible, left lateral recumbency was initially preferred in 
this particular case. As the wound was draining when revision sur-
gery was attempted, the foal was placed in right lateral recumbency 

for the second surgery, to avoid inadvertent contamination of the 
surgical site.

The minimally invasive nature of the described alternative 
method of fixation appears to be an advantage compared with pre-
viously described techniques in case of local infection (Auer, 2015; 
Markel & Richardson,  1985; Van Spijk et al.,  2015). The authors 
suspect that a limitation may be that the stability provided by two 
screws only might not be sufficient for fracture fixation in older foals 
with a bodyweight >100 kg.

The currently recommended coaptation period following internal 
fixation of a Salter-Harris type-II fracture in foals ranges from 3 days 
to 2 weeks (Klopfenstein Bregger et al.,  2016; Richardson,  2020; 
Van Spijk et al., 2015). In the present report, the cast was kept for 
4 weeks, resulting in digital hyperextension and cast sores. The pro-
longed cast application was deemed necessary in this case as the 
revised repair appeared significantly weaker than the initial repair 
as well as previously described methods for fixation (Klopfenstein 
Bregger et al., 2016; Richardson, 2020; Van Spijk et al., 2015).

The transphyseal screw placement during the fastest growth 
phase caused shortening of the affected P1 in the present case 
(Figure 6 and Video S1) (Auer, 2015; Fretz et al., 1984; Klopfenstein 
Bregger et al., 2016). There was however no difference in the total 
length of the hindlimbs or related movement asymmetry evident 
19 months following implant removal (Video S1). Most likely the lon-
gitudinal growth was compensated by other growth plates along the 
limb (Fretz et al., 1984; Watkins, 2006).

The osteochondral fragment observed in the affected metatar-
sophalangeal joint 19 months postoperatively was potentially re-
lated to the inadvertent intraarticular placement of the lateral screw 
head (Figures 4 and 6). Whilst there was no evidence for progressing 

F I G U R E  5  Lateromedial (a) and dorsoplantar (b) radiograph following left hind Salter-Harris type-II fracture repair, 7 weeks after 
implant removal showing complete fracture healing without signs of osteoarthritis. There is evidence for closure of the physis with smooth 
dorsoproximal and plantarolateral P1 periosteal proliferation.

(a) (b)

 20423292, 2023, 10, D
ow

nloaded from
 https://beva.onlinelibrary.w

iley.com
/doi/10.1111/eve.13822 by Freie U

niversitaet B
erlin, W

iley O
nline L

ibrary on [09/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  e 647FRACTURE FIXATION AFTER INFECTION IN A SALTER-HARRIS TYPE-II FRACTURE

osteoarthritis at this point, subsequent complications associated 
with this fragment cannot be ruled out and surgical removal may be 
considered.

Additionally, a CLL was evident on the axial aspect of the me-
dial proximal sesamoid bone in the affected fetlock 19 months 

postoperatively (Figure 6). Possible causes include locally compro-
mised blood supply due to the initial trauma, local cartilage dam-
age, a defect in the subchondral bone or an undetected fissure in 
the medial proximal sesamoid bone (Del Chicca et al., 2008; Olstad 
et al., 2015; Ray et al., 1996). Implant infection after the initial sur-
gery and prolonged inflammation in the fetlock region may also pro-
mote CLL formation (Ray et al., 1996; von Rechenberg et al., 2001). 
Since there was no functional limitation in the affected fetlock at the 
time of examination, the lesion was considered to be a coincidental 
finding at the time of examination (Howard et al., 1995; Trotter & 
McIlwraith, 1981).

Trauma to the growth plate in the fastest growth phase, the soft 
bone of the foal and positioning of the implant near the tension side 
are the most significant challenges in case of a proximal P1 Salter-
Harris fracture (Auer, 2015; Markel & Richardson, 1985). As trauma 
to the physis should be avoided whenever possible, the described 
approach is not proposed as a first-line treatment for proximal P1 
fractures in foals (Auer,  2015; Klopfenstein Bregger et al.,  2016). 
It should be considered an alternative technique in case of previ-
ous complications with the standard methods of repair. The initial 
construct is less traumatic in relation to the physis, more stable and 
has been successful applied in case of Salter-Harris type-II frac-
tures of the third metacarpal and metatarsal bones as well of P1 
(Richardson, 2020; Richardson & Ortved, 2019).

CONCLUSIONS AND OUTLOOK

Instability associated with implant infection has historically been as-
sociated with a guarded prognosis for fracture healing and complete 
recovery (Goodrich, 2020; Richardson, 2020). Implant replacement 
following infection led to rapid fracture healing with few compli-
cations 10 weeks postoperatively in the described case. Nineteen 
months after implant removal, the filly showed no lameness or 
movement restrictions in the affected fetlock region. Implant posi-
tioning at an alternative location appears to be successful for the 
treatment of implant infection in unstable fractures. Evaluation of 
the described technique in other cases with similar fracture configu-
ration of P1 as well as other bones would be of great interest.
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F I G U R E  6  Lateromedial and dorsoplantar radiographs of 
right hind (a, b) and left hind fetlock region (c, d) following left 
hind Salter-Harris type-II fracture repair, 19 months after implant 
removal. Note the small osteochondral fragment (asterisk) at the 
level of the lateral metatarsal condylar fossa and the cyst-like lesion 
in the medial proximal sesamoid bone. A shortening of the left hind 
P1 as well as mild chronic soft tissue thickening compared to right 
hind is evident on radiographs and on the photograph taken at the 
same time (e).
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