
Abstract
In this study, the effectiveness of acrylic pin external fixation (APEF) system was investigated in healing of newborn calves’ metacarpal 
fractures. Six newborn calves with closed metacarpal fracture were used. Fracture healing was monitored by scoring “walking-weight 
bearing” “radiographic healing” and “pin tract infections” in postoperative days 10, 20, 40 and 80. Calves were able to walk without 
support at postoperative day 1 and able to walk normally at day 40. In all cases, radiological fracture healing was observed on day 40 
and APEF system was removed. After day 10 controls, no pin track infection was observed in any case.
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Neonatal Buzağıların Metakarpal Kırıklarında Akrilik Pin 
Eksternal Fikzasyon (APEF) Sisteminin Değerlendirilmesi: 

Ucuz Ama Etkili mi?

Özet
Bu çalışmada, akrilik pin eksternal fikzasyon (APEF) sisteminin neonatal buzağıların metakarpal kırıklarında etkinliği araştırıldı. 
Çalışmada kapalı metakarpus kırığı teşhis edilen 6 neonatal buzağı kullanıldı. Olguların kırık iyileşmesi, postoperatif 10, 20, 40 ve 80. 
günlerde “yürüme-ağırlık yüklenebilme”, “radyografik iyileşme” ve “pin dibi enfeksiyonu” skorlamaları ile değerlendirildi. Postoperatif 
1. günden itibaren desteksiz yürüyebilen olguların, 40. günde normal yürüyebildikleri dikkat çekti. Olguların tümünde 40. günde 
radyolojik olarak kırık iyileşmesi izlendi. Postoperatif 10. gün kontrollerinden itibaren hiçbir olguda pin dibi enfeksiyonu izlenmedi.
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Evaluation of Acrylic Pin External Fixation (APEF) System in 
Metacarpal Fractures of Newborn Calves: Cheap But Effective? [1]
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INTRODUCTION

Metacarpal and metatarsal bone fractures are 50% 
of the bovine fractures [1]. Due to excessive fetal limb 
tractions during dystocia, this ratio is higher among 
newborn calves [2-5]. In treatment of newborn calf fractures, 
external or internal osteosynthesis techniques can also be 
utilized beside conservative methods [3-9]. For the choice 
of treatment technique, client’s economic status is at least 
as decisive as the shape and location of the fracture [4,5]. 
Acrylic pin external fixation (APEF) system has significant 
advantages compared with conventional external skeletal 

fixators [6,10-12]: no restrictions of transcortical pin diameter, 
size, type and number; no need for a precise and complex 
planning for transcortical pin inserting points before 
operation; transcortical pins do not need to be placed 
in a specific vertical direction; no need for preassembly 
complex planning of fixator frames; minor risk of trans-
cortical pin or connecting bar loosening; plastic tubes 
constructed for acrylic substance filling are flexible and 
lightweight; cheap and ease of use. In rural practices, APEF 
seems to be the cheapest external fixator system for the 
economic requirements of livestock production [6], and  
in this study, it was aimed to present the effectiveness of 
APEF in healing of newborn calves’ metacarpal fractures.
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MATERIAL and METHODS

Six newborn calves brought to MAKU Surgery Clinic and 
had closed metacarpal fracture were used. Under general 
anesthesia (5% isoflurane-Aerrane Eczacıbaşı Baxter Istanbul 
and an O2 flow of 5L min-1), closed reduction was applied 
with transcortical pins (Ø2-4 mm, nonthreaded) placed 
by a low-speed drill in type-II (full-pin) configuration (Fig. 
1-A). Two flexible plastic tubes (Ø4 cm) were pushed over 
the lateral and medial pin ends in columnar form (Fig. 1-B). 
As the plastic tubes were flexible, any adjustment power 
was provided to the exit direction of the pins. Before 
the tubes were filled with acrylic material, to ensure the 
stability between fracture fragments, fixation pins passing 
through the proximal and distal of the fracture line were 
tightened with plastic handcuffs (Fig. 1-B). The lumen 
of the plastic tubes was filled with cold acryl (Pancryl, 
Rubydent, Istanbul) after each tip was closed and waited 
for hardening to take the form of a real column (Fig. 1-B). 

While hardening is going on, a pair of glove filled with 
rendered ice was padded on the transcortical pins in 
both sides. After hardening, the pin ends protruding from 
plastic tubes and handcuffs between pins were cut. After  
surgery, animals were allowed for free movements without 
an extra bandage (Fig. 1-C), and daily pin tract dressing 
(%10 polyvidone iode, Polyod, Drogsan Istanbul) and IM 
antibiotherapy (1 mg/kg IM ceftiofur HCL, Excenel, Pfizer, 
Istanbul) was applied for 10 days. 

Fracture healing was monitored by scoring “walking-
weight bearing”, “radiographic healing” and “pin tract 
infection” in postoperative days 10, 20, 40 and 80  
(Table 1) [13-15].

RESULTS

The main “walking-weightbearing” scores of the cases 
recorded on postoperative days 10, 20, 40 and 80 were 

Table 1. Fracture healing monitoring parameters and scoring critters 

Tablo 1. Kırık iyileşmesini değerlendirme parametreleri ve derecelendirme ölçütleri

“Walking-Weightbearing” Scoring “Radiographic Healing”  Scoring “Pin Tract Infection”  Scoring

1: unable to stand and was brought on a stretcher 1: visible fracture line and no peri-/or endosteal callus 1: infection in all pin penetration points 

2: can stand by support but keeps the fractured 
leg hanged

2: partially visible fracture line and a little peri-/or 
endosteal callus

2: infection in some pin penetration 
points

3: can stand by support and a little weightbear on 
the fractured leg

3: partially visible fracture line and peri-/or endosteal 
callus is present

3: no infection in any pin penetration 
points

4: can walk but keeps the fractured leg hanged 4: non visible fracture line and completed peri-/or 
endosteal callus

5: can walk but weightbearing time of the 
fractured leg is shortened

6: can walk normally and weightbear on the 
fractured leg

Fig 1. A- Placing nonthreaded transcortical pins by a low-speed drill in type-II configuration, B- Close-up view 
of a case waited for hardening of the acryl filled into the plastic tubes,  flexible plastic tubes passed into 
lateral and medial pin ends,  plastic handcuffs applied between the pins passing through the proximal and 
distal of the fracture line, C- A case just after APEF application

Şekil 1. A- Vidasız transkortikal çivilerin, düşük devirli matkap yardımıyla II. tip konfigürasyonda yerleştirilmesi, 
B- Plastik tüplerin içine doldurulan akrilin sertleşmesi için beklenen bir olgunun yakından görünümü, 
 transkortikal pinlerin lateral ve medialdeki uçlarından geçirilmiş bükülebilir plastik tüpler,  kırık hattının 
alt ve üstündeki pinler arasından geçirilerek sıkıştırılan plastik kelepçeler, C- Bir olgunun APEF uygulamasından 
hemen sonraki görünümü
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respectively 5, 5.25, 6 and 6. It was noted that calves can 
walk unassisted from day 1, and can walk normally and 
weightbear on the involved limb at day 40. The main 
“radiographic healing” scores for days 10, 20, 40 and 80 
were respectively 2.25, 2.75, 3.5 and 4. Except for one case 
(case no 3), the fracture was healed with secondary bone 
healing (Fig. 2-A,B). In case 3, the observed healing was 
near to primary bone healing (Fig. 2-A). On radiographic 
controls, fracture healing was determined in all cases at 
day 40 and the APEF system was removed. From the day  
10, pin tract infection was not observed in any case. The 
main pin tract infection scores for days 10, 20, 40 and 80 
were respectively 2.75, 3, 3 and 3. 

DISCUSSION

The fundamental reason of APEF system comes back  
on the agenda of bovine practitioners is higher cost of 
other internal and external fixation devices [6]. Treatment 
of a calf ’s metacarpal or metatarsal fracture may have 
excellent results with circular or linear external fixators 
but economic considerations of the farmers seem to be an 
obstacle for veterinary orthopedists. APEF system was really 
cheap than other external fixators, so the total cost of an 
APEF system per calf in this study was approximately 38 TL.

Premature pin loosening is an important problem for 
APEF as in other external fixators systems. One of the main 
causes for pin loosening in APEF system is heat necrosis 
of the bone. The source of heat is either polymerization  
of acryl or high speed drilling of the bone by transcortical  
pins [10-12]. In this study, transmission of the unavoidable 
heating during polymerization by transcortical pins 
into bone was prevented by padding pin-acryl column 

connections with gloves filled with rendered ice. On the 
other hand high speed drilling was avoided during placing 
the transcortical pins into metacarpus. The second cause 
for loosening of the transcortical pins in APEF system is 
pin tract infections [10-12]. Daily pin tract dressing with 10% 
polyvidone iode and IM antibiotherapy with ceftiofur  
HCL for 10 days seems to be effective results in our study  
for preventing these infections. 

Fractures that occur shortly after or during birth in 
calves usually have a favorable prognosis unless the site is 
open and subsequently becomes infected. This favorable 
prognosis depends on the calves’ great ability to produce 
periosteal new bone. Healthy and well vascularized bones 
heal to functional union as early as 3 weeks after treatment [1]. 
The 6 calves in this study had all closed metacarpal 
fractures and achieved functional unions recorded at day  
40 controls. But more importantly, they could stand up,  
walk and suck without any support during the first 40  
days of life. As a result, the APEF system in neonatal 
calves was thought to be an alternative technique in the 
treatment of closed metacarpal fractures.
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