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Abstract
OBJECTIVES To describe the demography, aetiology, location and classification of physeal fractures in cats and to describe their management and outcomes. 
METHODS Clinical records and radiographs of cats referred for management of physeal fractures were retrospectively reviewed. Fractures of the proximal femoral physis were excluded. Descriptive statistics were used to describe signalment, cause of injury, presence of concurrent injuries, fracture description, treatment modality, complications, follow-up, physeal closure, implant removal and outcome.
RESULTS Thirty-four cats with 36 fractures were included, of which 17 affected the distal femur, 11 the distal tibia and fibula, five the distal radius and ulna, two the proximal tibia and one the distal humerus. Salter-Harris classification was type I in 14, type II in 16, type III in two and type IV in four fractures. Thirty-four fractures were treated with primary fixation, and the most common method was crossed Kirschner wires in 24/34 fractures. Complications were observed in 14 fractures, of which 12 were minor. At radiographic follow-up, physeal closure was reported in 23 fractures, of which 15 were considered premature. Implant removal was performed in three fractures. Outcome was good in 28, fair in four and poor in two fractures. 
CONCLUSION AND RELEVANCE Fracture of the distal femoral physis was the most common physeal fracture seen. Cats presenting may be skeletally immature or mature with delayed physeal closure. The rate of physeal closure after fracture repair was relatively high, but without apparent impact. The frequency of implant removal was very low, indicating that despite having a physeal fracture repair, most cats did not require a second procedure to remove implants. Overall, internal fixation provided good outcome in most fractures.
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INTRODUCTION
Physeal fractures occur in immature animals with open physes (1,2) and have been classified by human paediatric surgeons Salter and Harris into five radiographic configurations (3). Although it is acknowledged that the physis may close as a result of the inciting or surgical trauma regardless of the choice of fracture fixation (4–6), surgeons repair these fractures with the aim of maintaining normal bone growth post healing. 
Physeal fracture repair options are sought that will minimally impact blood supply, give an accurate and stable reduction, be easily removable, and not cause further significant damage to the physis (7). Specifically, implants that would prevent further physeal growth in the skeletally immature patient by preventing longitudinal growth from locking or bridging the physis (bone plates, lag screws, tension bands and external skeletal fixators) are usually avoided (2) or removed early (two to four weeks after surgery). Thus, the most commonly used implants for repair of physeal fractures are K-wires (8), which can be applied as the sole fixation either in parallel or divergent (cross-pinning) fashion. Parallel K-wires (9,10) can theoretically allow for continued longitudinal physeal growth, whereas cross-pinning may create a locking effect resulting in premature closure of the physis. Anecdotally, the authors have noted that when cats return for early re-examination and pin removal following physeal fracture repair, the physis often appears radiographically closed and hence the implants were left in situ. 
Long-bone physeal fractures are usually secondary to trauma (1–3). However, there are several pathologies seen in the feline proximal femoral physis which predispose them to separation or fracture without significant trauma (11,12). Spontaneous capital physeal fractures (SCPF), can be initially radiographically indistinct from a traumatic proximal femoral physeal fracture, but often have a particular patient demography, fracture aetiology and radiographic and histopathological features, prompting different management strategies (12–16). ﻿McNicholas identified certain risk factors including being male, neutered, and increased body weight (17). Histology has shown a widened physis with an irregular arrangement of chondrocytes with abundant matrix and areas of necrosis in these cats (18,19). A further condition termed metaphyseal osteopathy also predominantly affects young, male neutered, obese cats, and the history and clinical signs are similar to those associated with spontaneous capital physeal fracture. Again, they may present as an atraumatic proximal femoral fracture; however, radiographic osteolysis of the femoral neck typically precedes a femoral neck or sub epiphyseal pathological fracture (20). In these cats, the changes to the femoral neck are often present at the time of fracture helping to inform this diagnosis. However, it can be difficult to know exactly where the exact fracture line is in cats with proximal femoral metaphyseal osteopathy, physeal dysplasia and traumatic fractures, if there has been bone resorption. It is also difficult to definitively distinguish a physeal from a sub-physeal fracture with conventional radiography. 
Currently, there is little described about feline physeal fractures, their repair, and outcome. As there are several underlying pathologies predisposing cats to non-traumatic proximal femoral physeal fractures, and the signalment, history and radiographic changes are not entirely reliable for distinguishing trauma vs pathological fractures, the authors have intentionally excluded this group from the survey and have focused on true traumatic physeal fractures.  The primary objective of this study was to describe the demography and distribution of traumatic physeal fractures in cats, and determine their outcome and management including whether implants were removed or not at follow-up. 
MATERIALS AND METHODS
Study design
Medical records of cats diagnosed with long-bone physeal fractures between May 2010 and March 2020 were reviewed and included if they had complete clinical and radiographic records. Surgically repaired fractures were excluded from analysis if follow-up clinical and/or radiographic records were not available. Fractures affecting the proximal femoral physis were excluded. Data obtained included signalment, fracture description, concurrent injuries, fracture management, complications, time to follow-up, radiographic evidence of physeal closure, whether implant removal was performed, and clinical outcome. The cause of the fracture was classified as either ’unknown’; ‘short fall’ for a low level fall; ‘high-rise’ when a fall from the balcony of a multi-story building was observed; and road traffic accident (RTA). Immediate post-operative care included strict cage rest and NSAID and opioid analgesia as appropriate. Cats managed with internal fixation or external coaptation alone were discharged with NSAID analgesia as appropriate for up to two weeks and cage rest with controlled periods of activity until the first agreed follow-up re-examination. All internal fixation cases were routinely re-examined at least once between three and eight weeks following fracture management, when at least one set of follow-up radiographs was obtained under sedation. Further follow-up re-examinations were carried out as needed on a case-by-case basis depending on clinical progress and complications. All radiographs were reviewed by at least one board-certified diagnostic imaging specialist and one board-certified small animal surgery specialist prior to the development of this study. All radiographs were reviewed again during the study period by one small animal surgery resident (three times) and by one board-certified small animal surgery specialist (once). Physeal fracture healing was assessed based on a combination of radiographic features described in the human literature (21–24). Radiographic closure of the physis was defined as the absence of any radiolucent physeal line on the orthogonal radiographs, and premature if this occurred in a cat whose age at the time of radiographic follow-up was younger than the reported physiological closure times for that particular physis (25). Any physes where at least part of the physeal radiolucent line was visible were considered open. For further assessment cats were categorised by their age on presentation into groups representing those with significant growth potential, reducing potential, and no further potential (<6 months, 6-10 months, >10 months old respectively) (26). Complications were classified as minor, major, or catastrophic and subjective clinical outcomes were graded as good (full function), fair (acceptable function), or poor (unacceptable function) as proposed by Cook et al. (27).
Statistical analysis
Data were tabulated (Excel version 16.33; Microsoft, Redmond, Washington), and descriptive statistics were used. Normality in data distribution was assessed by visual inspection and a Shapiro-Wilk test. Continuous data were non-normally distributed and are presented as median and range. Categorical data are presented as frequency and percentage.

RESULTS
Overall Demography
Thirty-four cats with a total of 36 fractures met the study criteria. The population included 18 male cats (11/18 neutered, 7/18 entire) and 16 female cats (13/16 neutered, 3/16 entire), with a median age of 10 months (range 3-25). Age group distribution was 8 (24%) cats <6 months, 12 (35%) 6-10 months, and 14 (41%) >10 months. Domestic short hair (DSH) cats were most common (n=27, 79%) followed by British short hair [BSH (n=2, 6%)], and one (3%) each of Maine Coon, Domestic long hair (DLH), Bengal, Domestic medium hair (DMH) and Russian Blue. The median body weight was 3.5kg (range 1.6-5.4).
The most frequent causes of injury were unknown (23/34, 68%), short fall (5/34, 15%), high-rise (5/34, 15%) and RTA (1/34, 3%). A total of 19/34 (56%) cats had concurrent injuries including  fractures or luxations affecting a different limb (9%), other fractures or luxations affecting the same limb (24%), pelvic fractures (13%), pulmonary contusions (11%), degloving injuries (7%), pneumothorax (7%), skull fractures (4%), skin lacerations (4%), and diaphragmatic rupture (2%). 
Overall, 17/36 (47%) fractures were of the distal femur, 11/36 (31%) the distal tibia and fibula, 5/36 (14%) the distal radius and ulna, two (6%) the proximal tibia, and one (3%) the distal humerus. Fourteen (39%) fractures were classified as Salter-Harris (SH) type I, 16 (44%) as type II, two (6%) as type III, and four (11%) as type IV (Figure 1). Two fractures were classified as open.
[Insert Figure 1]
Figure 1 Bar graph representing the number of fractures (“y” axis) classified by anatomical location as distal humerus (dHumerus), distal radius and ulna (dRadius), distal femur (dFemur), proximal tibia (pTibia) and distal tibia and fibula (dTibia), and by Salter-Harris classification (“x” axis) as type I (dark grey), type II (light grey), type III (descending stripes) and type IV (ascending stripes).


Management 
Internal fixation was performed in 34/36 fractures, involving crossed K-wires in 24, crossed K-wires with plates and/or screws in six, crossed K-wires and IM pin in two, crossed K-wires and tension band in one and plate and screws in one fracture. A total of two K-wires were used in 62%, three in 24% and four in 15% of fractures. The most common K-wires used were 1.0 and 1.2mm (accounting for 71%). Conservative management consisting of external coaptation alone was performed in 2/36 fractures. Postoperative external coaptation was used in conjunction with internal fixation in eight fractures (all were distal radial and distal tibial fractures).
Median time to radiographic re-examination was 4.5 weeks (range, 3-8 weeks). Median duration of total follow-up was six weeks (range, 3-240). Complications were recorded in 14/36 (39%) fractures. Of these, 12 were minor and 2 major (see Table 2). Radiographic complete closure of the physis at the time of follow-up was identified in 23/34 (68%) fractures that had internal fixation (Figure 2 and Figure 3), of which 15 (65%) were considered premature. When stratified by age group (Table 1), premature closure in surgically repaired fractures was seen in 4/6 (67%) in the <6 month group (n=8), 6/12 (50%) in the 6-10 month group (n=12) and 5/16 (31%) in the >10 month group (n=16).
Implant removal was performed in 3/34 (9%) fractures at four, five and ten weeks postoperatively, due to K-wire loosening or migration. Outcome after fracture repair was good in 28/34 (82%), fair in 4/34 (12%) and poor in 2/34 (6%) fractures. 
[Insert Table 1]

Table 1 Distribution of fractures repaired by internal fixation and cases of premature physeal closure (closure earlier than reported physiological closure times) by patient age group. Note the decreasing percentage of premature closure observed with increasing age group.
	Age group
	Overall fracture population
	Fractures repaired by internal fixation
	Fracture repairs with premature physeal closure

	<6 months
	8
	6
	4 (67%)

	6-10 months
	12
	12
	6 (50%)

	>10 months
	16
	16
	5 (31%)



[Insert Figure 2]
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Figure 2 Orthogonal view radiographs of a distal femoral Salter-Harris type II physeal fracture which developed premature physeal closure, pre surgery (A), immediate postoperative after internal fixation with crossed K-wires (B) and six-week follow-up with signs of fracture healing (periphyseal increased radio-opacity, physeal bridging, callus and loss of visualization of the metaphyseal fracture line) and radiographic signs of physeal closure, with loss of radiolucent physeal line on both views (C).
[Insert Figure 3]
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Figure 3 Orthogonal view radiographs of a distal femoral Salter-Harris type I physeal fracture, with signs of a partially open physis at follow-up, pre surgery (A), immediate postoperative after internal fixation with crossed K-wires (B) and six-week follow-up showing radiographic signs of fracture healing (metaphyseal increased radio-opacity and mild callus formation) with a mostly open radiolucent physeal line still visible (C).
Breakdown by anatomical location
Data were cross tabulated by fracture location and interrogated regionally (Table 2). There were no proximal humeral physeal fractures. 
Distal humerus.
A single 14-month old MN DSH cat with a SH type II fracture of cause unknown and without concurrent injuries. Body weight was 3.8kg. Plate and screw fixation was performed and a minor complication developed (mild axial deviation of the distal limb). Physeal closure was confirmed at 12-week follow-up, without premature closure or subsequent implant removal. Outcome was good.
Distal radius & ulna.
Four DSH cats with a total of five fractures; two FE and two MN, with a median age of 8.5 months (range, 4-13) and a median body weight of 3.8kg (range, 2.0-4.9). SH classification was type I in 3/5, type II in 1/5 and type IV in 1/5 fractures. One fracture was open. The cause was unknown in two, high-rise in two and concurrent injuries were present in three. One fracture was treated conservatively (with external coaptation alone) and the remainder with combinations of K-wires (see Table 2). Post-operative external coaptation was used in 2/5. Median time to follow-up was eight weeks (range, 4-12) and minor complications were reported in 2/5 fractures (pin migration with swelling 10 weeks postoperatively and reduced range of movement in the carpus four weeks postoperatively). Physeal closure was reported in 3/5 fractures, of which two were premature and implants were removed in one fracture. Outcome was good in three and fair in one (persistent reduction in carpal flexion).
Distal femur.
Sixteen cats involving 17 fractures were included, with eight male (4 ME, 4 ME) and eight female (all neutered). Median age was 10.5 months (range, 4-25). Breed distribution was DSH (n=15) and one Domestic medium hair. Median body weight was 3.6kg (range, 2.2-5.4). Five of 17 fractures were SH type I, ten type II and two type IV. The cause was unknown in thirteen, high-rise in two and short fall in one. Concurrent injuries were present in 6/16 cats. 
All fractures were repaired with internal fixation; 10/17 crossed K-wires, 6/17 crossed K-wires and plate and/or screws, and 1/17 with crossed K-wires and IM pin (see Table 2). Median follow-up time was six weeks (range, 3-144) and complications were reported in 4/17 fractures. Minor complications included lateral patellar luxation (n=1), mild superficial wound dehiscence (n=1) and limb shortening with ongoing mild lameness (n=1). One complication was considered major (suboptimal implant positioning causing instability and requiring revision). Physeal closure at follow-up was reported in 11/17 fractures, of which seven were premature. Implant removal was not performed and outcome was considered good in 14/17, fair in 2/17 and poor in 1/17 fractures.
Proximal tibia.
Two cats were included with a total of two fractures, both male DSH (one ME, one MN), with a median age of 14 months (range, 5-23) and a median body weight of 3.3 kg (range, 2.7-3.8). There was one SH type I and one type II. The cause of injury was unknown in one and a short fall in the other and both had concurrent injuries. One was treated with three crossed K-wires and the other with two crossed K-wires and tension band wire. Median time to follow-up was 128 weeks (range, 16-240). Complications were reported in both; one minor (proximal displacement of the tibial tuberosity, which was stable at follow-up) and one major (limb shortening, progressive lameness, and tibial apophyseal avulsion five months postoperatively requiring revision surgery). Physeal closure was observed in both fractures, of which one was premature. Implant removal was not performed. Outcome was good in one fracture and poor in the other.
Distal tibia.
Eleven cats with 11 fractures were included. Six were female (one FE, five FN) and five were male (two ME, three MN), with a median age of six months (range, 3-12) and a median body weight of 3.0 kg (range, 1.6-4.5). Breeds included DSH (n=5), BSH (n=2) and one each of DLH, Bengal, Maine Coon and Russian Blue. Cause of injury was unknown in six cats, a short fall in three, high-rise in one and RTA in one. Concurrent injuries were present in 8/11 cats.
Fractures were classified as SH type I in 5/11, type II in three, type III in two and type IV in one. One fracture was open. One fracture (SH type IV) was treated with external coaptation alone after aborted implant placement and 10/11 were treated with crossed K-wires. External coaptation was used postoperatively in 6/10 repairs. Median time to follow-up was five weeks (range, 3-6) and minor complications were reported in five, including implant loosening/migration (n=3), swelling (n=2) and bandage complications (n=1). Physeal closure was seen in 6 of the 10 fractures repaired with internal fixation, of which 5 were premature. Implant removal was performed in 2/10 fractures. Outcome was good in 9 fractures and fair in one case where there was incomplete fracture healing and mild lameness at the time of last follow-up examination.
[Insert Table 2]
Table 2 Descriptive analysis of 36 fractures involving the physis in cats. The columns correspond to fractures grouped by anatomical location and are divided into distal humerus (dHumerus), distal radius and ulna (dRadius), distal femur (dFemur), proximal tibia (pTibia) and distal tibia and fibula (dTibia).

	
	dHumerus
	dRadius 
	dFemur
	pTibia
	dTibia
	TOTAL
	Cats/Fractures

	N of cats (%)
N of fractures (%)
	1 (3)
1 (3)
	4 (12)
5 (14)
	16 (47)
17 (47)
	2 (6)
2 (6)
	11 (32)
11 (31)
	34
36
	-
-

	Age (months)
	
	
	
	
	
	
	

	Median
	14
	8.5
	10.5
	14
	6
	10
	-

	Range
	-
	4-13
	4-25
	5-23
	3-12
	3-25
	-

	Body weight (kg)
	
	
	
	
	
	
	

	Median
	3.8
	3.8
	3.6
	3.3
	3.0
	3.5
	-

	Range
	3.8
	2.0-4.9
	2.2-5.4
	2.7-3.8
	1.6-4.5
	1.6-5.4
	-

	Sex
	
	
	
	
	
	
	

	ME
	-
	-
	4 (25)
	1 (50)
	2 (18)
	7 (21)
	7/7

	MN
	1 (100)
	2 (50)
	4 (25)
	1 (50)
	3 (27)
	11 (32)
	11/12

	FE
	-
	2 (50)
	-
	-
	1 (9)
	3 (9)
	3/3

	FN
	-
	-
	8 (50)
	-
	5 (45)
	13 (38)
	13/14

	Breed
	
	
	
	
	
	
	

	Bengal
	-
	-
	-
	-
	1 (9)
	1 (3)
	1/1

	BSH
	-
	-
	-
	-
	2 (18)
	2 (6)
	2/2

	DLH
	-
	-
	-
	-
	1 (9)
	1 (3)
	1/1

	DMH
	-
	-
	1 (6)
	-
	-
	1 (3)
	1/1

	DSH
	1 (100)
	4 (100)
	15 (94)
	2 (100)
	5 (45)
	27 (79)
	27/29

	Maine Coon
	-
	-
	-
	-
	1 (9)
	1 (3)
	1/1

	Russian Blue
	-
	-
	-
	-
	1 (9)
	1 (3)
	1/1

	Cause of injury
	
	
	
	
	
	
	

	HR
	-
	2 (50)
	2 (13)
	-
	1 (9)
	5 (15)
	5/6

	JF
	-
	-
	1 (6)
	1 (50)
	3 (27)
	5 (15)
	5/5

	RTA
	-
	-
	-
	-
	1 (9)
	1 (3)
	1/1

	UN
	1 (100)
	2 (50)
	13 (81)
	1 (50)
	6 (55)
	23 (68)
	23/24

	Concurrent injuries
	-
	3 (75)
	6 (38)
	2 (100)
	8 (73)
	19 (56)
	19/21

	Time from injury to treatment (days)
	
	
	
	
	
	
	

	Median
	3
	4.5
	2
	2.5
	1
	3
	-

	Range
	-
	1-6
	1-4
	1-4
	1-5
	1-6
	-

	Time to radiographic follow-up (weeks)
	
	
	
	
	
	
	

	Median
	8
	3
	4.5
	6
	5
	5
	-

	Range
	-
	3-4
	3-8
	-
	3-6
	3-8
	-

	Salter-Harris classification
	
	
	
	
	
	
	

	I
	-
	3 (60)
	5 (29)
	1 (50)
	5 (45)
	14 (39)
	12/13

	II
	1 (100)
	1 (20)
	10 (59)
	1 (50)
	3 (27)
	16 (44)
	17/17

	III
	-
	-
	-
	-
	2 (18)
	2 (6)
	2/2

	IV
	-
	1 (20)
	2 (12)
	-
	1 (9)
	4 (11)
	3/4

	Open fractures
	-
	1 (20)
	-
	-
	1 (9)
	2 (3)
	2/2

	Treatment 
	
	
	
	
	
	
	

	CO
	-
	1 (20)
	-
	-
	1 (9)
	2 (6)
	-

	CW
	-
	3 (60)
	10 (59)
	1 (50)
	10 (91)
	24 (67)
	-

	CWIM
	-
	1 (20)
	1 (6)
	-
	-
	2 (6)
	-

	CWPS
	-
	-
	6 (35)
	-
	-
	6 (17)
	-

	CWTB
	-
	-
	-
	1 (50)
	-
	1 (3)
	-

	PS
	1 (100)
	-
	-
	-
	-
	1 (3)
	-

	Number of K-wires
	
	
	
	
	
	
	

	2
	-
	3 (60)
	13 (77)
	1 (50)
	4 (40)
	21 (62)
	-

	3
	-
	-
	2 (12)
	1 (50)
	5 (50)
	8 (24)
	-

	4
	-
	2 (40)
	2 (12)
	-
	1 (10)
	5 (15)
	-

	Size of K-wires
	
	
	
	
	
	
	

	0.6 mm
	-
	2 (14)
	-
	-
	2 (7)
	4
	-

	0.8 mm
	-
	4 (29)
	1 (3)
	4 (57)
	6 (22)
	15
	-

	1.0 mm
	-
	8 (57)
	5 (13)
	3 (43)
	15 (56)
	31
	-

	1.2 mm
	-
	-
	26 (65)
	-
	4 (15)
	30
	-

	1.6 mm
	-
	-
	8 (20)
	-
	-
	8
	-

	Postoperative external coaptation
	-
	2 (40)
	-
	-
	6 (60)
	8 (53)
	8/8

	Complications
	
	
	
	
	
	
	

	Total
	1 (100)
	2 (40)
	4 (24)
	2 (100)
	5 (45)
	14 (39)
	14/14

	Minor
	1 (100)
	2 (40)
	3 (18)
	1 (50)
	5 (45)
	12 (33)
	12/12

	Major
	-
	-
	1 (6)
	1 (50)
	-
	2 (6)
	2/2

	Physeal closure
	1 (100)
	3 (75)
	11 (65)
	2 (100)
	6 (60)
	23 (68)
	22/23

	Of which premature
	-
	2 (67)
	7 (64)
	1 (50)
	5 (83)
	15 (65)
	15/15

	Implant removal
	-
	1 (20)
	-
	-
	2 (20)
	3 (9)
	3/3

	Outcome of fracture repair
	
	
	
	
	
	
	

	Good
	1 (100)
	3 (75)
	14 (82)
	1 (50)
	9 (90)
	28 (82)
	28/28

	Fair
	-
	1 (25)
	2 (12)
	-
	1 (10)
	4 (12)
	4/4

	Poor
	-
	-
	1 (6)
	1 (50)
	-
	2 (6)
	2/2



Data are n (%).
Abbreviations used: ME; male entire, MN; male neutered, FE; female entire, FN; female neutered, BSH; British short hair, DLH; Domestic long hair, DMH; Domestic medium hair, DSH; Domestic short hair, HR; High-rise, JF; short jump or fall, RTA; road-traffic accident, UN; unknown, EU; euthanasia, CO; external coaptation alone, CW; crossed K-wires, CWIM; crossed K-wires and intramedullary pin, CWPS; crossed K-wires and plate and/or screws, CWTB; crossed K-wires and tension band, PS; plate and screws.

DISCUSSION
In this survey of traumatic feline physeal fractures, the vast majority of fractures were SH I and II, which are relatively similar in form and likely associated with bending or shear forces applied to a relatively uniplanar physis. With the intentional exclusion of the proximal femoral physis, the distal long bone physes (the distal femur and tibia in particular) dominated. These findings are similar to those previously reported in dogs (28,29). No known underlying pathology has been reported with feline physeal fractures seen in locations other than the proximal femoral physis, suggesting that SH I and II are the most common patterns of fracture propagation from trauma. Fractures of the distal humerus and proximal tibia were rare and fractures of the proximal humerus were not observed in this study. Approximately 40% of the cats in the study were older than one year, representing a considerable number of adult cats with open physes that would be expected to be skeletally mature at the time of injury (25). Delayed closure of physes is not uncommon in neutered male cats as gonadectomy is usually performed before physeal closure occurs and appears to retard its progression (30–33). 
The most common fracture repair option was crossed K-wires, which is expected to cause minimal damage to the physis but will ‘lock’ the physis and prevent ongoing growth. Open reduction and internal fixation provided a good outcome with a return to full function in 82% of fractures accompanied by a relatively low rate of complications and a surprisingly low number of implant removals at follow-up (9%). The only recorded reason for implant removal in this study was K-wire loosening or migration. The apparent high level of physeal closure at re-examination could explain the low levels of implant removal. The proportion of cats with physeal closure at re-examination was 68% and when physeal closure was considered in context of the cats’ age and expected physiological closure times, 65% of all closures were considered premature. Premature closure is suspected to be due to the inciting trauma to the physis and/or the surgery, and generally occurs within 2-3 weeks of injury but is influenced by the age and breed of the animal (13,34). Defining a premature closure is problematic however, and is best addressed by a prospective study whereby the contralateral limb physis is also radiographed and compared with the fractured leg. The use of established physiological closure times is helpful but of limited accuracy since cat breed, individual genetics, and neuter status can have further influence on closure times. Additionally, assessing physeal closure from orthogonal radiographs in some physes is more difficult if they do not have a planar physis which is aligned to the X-ray beam when they are radiographed. However, despite these caveats it does appear that the trauma and/or the surgical repair accelerates the closure of the physis. In our study this was particularly noticeable in young cats that should clearly not have had a closed physis at the age they were radiographed. Theoretically, early closure may result in varying degrees of limb shortening and/or deformity, which may lead to osteoarthritis due to abnormal joint loading. However, these complications have rarely been associated with clinical signs (4). Longer-term follow-up studies are required to comment further, but the present study shows that in the short-term, the lack of implant removal in cats over six months of age did not appear to have any negative effects. Additionally, nearly 70% of cats under six months of age will have an apparently closed physis at follow-up examination, arguably negating implant removal.
There is a scarcity of information regarding radiographic assessment of physeal healing and growth arrest in the veterinary literature. This subject has been more comprehensively explored in humans (10,21–24), where the difficulty in assessing physeal injury and healing using radiography alone has been acknowledged, in particular the subjective nature of describing a physis as open, partially closed or completely closed. In our study, physeal closure was defined as a complete absence of a radiolucent physeal line on orthogonal view radiographs and was observed in 23/34 fractures repaired with internal fixation. Further studies evaluating growth plate injuries, healing and growth using advanced imaging techniques may help our understanding of physeal fracture healing in the cat. 
A preliminary survey of all the feline physeal fractures identified for the present study also identified 23 cats with 27 fractures of the proximal femoral physis. In this subgroup, male cats accounted for 22/23 cases (20 MN, 2 ME), with one female neutered cat; the median age was 18 months and the median body weight was 5.0kg. Breed distribution was also different from that seen in the overall study population, with a higher prevalence of British short hair and Maine Coon cats, and the cause of injury was unknown in 20/23, with anecdotal evidence of most fractures occurring in an indoor setting without apparent overt trauma. The demography of this group was consistent with that described for cats with spontaneous capital physeal fractures and metaphyseal osteopathy (11,12,15,17,18,20). However some of these fractures may well have been truly traumatic. There is a need for a well-designed multi-centre prospective study to develop our understanding of fractures in this location, and hence they were excluded in this retrospective case series. 
This study has several limitations due to its retrospective nature, including the accuracy and completeness of the clinical records. The cause of injury was classified as unknown when a specific cause could not be objectively confirmed in the history, even when anecdotal evidence or subjective assessment were suspicious of a particular cause. Long-term follow-up was not available for all patients, so it is possible that further implant removal procedures or complications might have been present in some patients at a later date. Assessment of outcome was subjective and based on the available follow-up clinical records only. A large prospective study assessing objective outcome variables would be needed to more accurately determine the impact of premature physeal closure on limb length and this should include co-evaluation of the contralateral limb physis to improve the assessment of physeal closure after trauma and surgery. Finally, the small sample size of some population subgroups in this study precluded establishing the significance of statistical associations between certain variables.

CONCLUSIONS
Distal femoral physeal fractures were the most common location for traumatic physeal fractures in cats when fractures of the proximal femoral physis were excluded. Most fractures were repaired with crossed-K wires and subsequent implant removal was rare despite their potential role in preventing ongoing limb growth. When implant removal was performed, it was due to K-wire loosening or migration only. Radiographic physeal closure at follow-up was seen in nearly 70% of fractures and 65% of those were younger than the reported age of closure for the particular physis.  This study tentatively suggests it may be reasonable that any cat older than six months of age would not routinely require implant removal at follow-up and the high level of premature closure seen in cats younger than six months of age should change current advice to “pin removal is unlikely to be needed at re-examination”. However, with the current evidence, the authors would still recommend follow-up radiography and implant removal in this cohort if the physis remained open at follow-up. 
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