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Summary In this retrospective cohort study, we analysed treatment and outcomes among 
≥65-year-old patients who experienced a traumatic pretibial laceration in the province of Ky- 
menlaakso, Finland, between 2015 and 2019. We reviewed computerised medical records for 
116 patients with a pretibial laceration, 107 of whom we analysed in further detail. Patients 
were traced from injury to healing, including rehabilitation periods in health care centres. As 
expected, the majority of patients were elderly women (67%). Most lacerations were superficial 
and small, explaining why treatment was mostly conservative. Only 11 (9.48%) patients were 
treated operatively with surgical debridement or a split-thickness skin graft. The number of 
overall complications in wounds was high, with a complication rate of 30.2%. Most complica- 
tions were local wound infections. We found that wound healing took more than 3 months in 32% 
of patients. Thorough patient tracing revealed numerous follow-up visits and long rehabilitative 
hospitalisation periods, indicating a significant decline in patient independence and the exces- 
sive use of resources. Successful wound healing was eventually observed in 89.66% patients. 
Furthermore, no terminology regarding pretibial lacerations was found in patient records. This 
study indicates that pretibial lacerations remain poorly recognised and understood in Finland. 
© 2021 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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he term pretibial lacerations refers to acute traumatic 
ounds between the knee joint and ankle, 1 usually in the 
lderly population. Most pretibial lacerations are located in 
he anterior mid third, anterolateral, or mediolateral crus. 1 
∗ Corresponding author. 
E-mail address: toni.p.seppala@helsinki.fi (T. Seppälä). 

m
a

a

ttps://doi.org/10.1016/j.bjps.2020.12.107 
748-6815/ © 2021 British Association of Plastic, Reconstructive and Aest

Please cite this article as: T. Seppälä, V. Grünthal and V. Koljonen, Pretib
Kymenlaakso, Finland, 2015–2019, Journal of Plastic, Reconstructive & 
lderly women are overrepresented, possibly resulting from 

ousehold work, wearing skirts that provide less protection 
or their legs, and a decrease in hormonal activity leading 
o early dermatoporosis. 1 Dermatoporosis, a chronic cuta- 
eous fragility syndrome, is characterised by skin atrophy, 
aused by the decline of subcutaneous tissue, collagen for- 
ation, capillary circulation, and the dermal cell count in 
ging skin. 2 

Pretibial lacerations are caused by low-energy shredding 
nd friction forces affecting the skin and subcutaneous tis- 
hetic Surgeons. Published by Elsevier Ltd. All rights reserved. 
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ue. 3 The term encompasses a wide range of injuries, from 

mall linear, uncomplicated lacerations to severe deglov- 
ng injuries. 4 Even a minor trauma, such as a collision with 
 walker-rollator, is sufficient to cause a pretibial lacera- 
ion. 3 , 5 The most common trauma aetiologies for pretibial 
acerations include falling, attempting to mount stairs, or 
itting household and garden objects. 6 , 7 

Initially, in 2003, Dunkin et al. proposed a classification 
ystem for pretibial lacerations based on the treatment of 
uch lacerations. 4 In the Dunkin classification, injuries are 
lassified into four types, depending on the extent of tis- 
ue loss. 4 More recently, the original Dunkin classification 
as modified by Lo et al., 8 who recommends categorising 
retibial lacerations into five types, separating linear lac- 
rations from flap lacerations and taking into account flap 
iability (vital vs. nonvital), flap loss, and lacerations with a 
ubcutaneous haematoma. 8 

Patients with pretibial lacerations experience significant 
omorbidity and compromised independence. 3 , 9 Typically, 
hese patients present with an extensive previous medical 
istory, multiple comorbidities, and devices aiding mobil- 
ty such as a walker-rollator. Patients are polymedicated 
nd often live in a retirement home or at home with as- 
istance. 10 In particular, anticoagulants and corticosteroids 
re associated with pretibial lacerations. 2 , 5 , 9 , 11 Distinctive 
omorbidities include dementia, diabetes, atherosclerosis, 
ower limb oedema, vascular disease, and dermatoporo- 
is. 12 , 13 

Pretibial lacerations are common, with an incidence of 
p to 5.2/1000 emergency room (ER) patients 2 , 5 , 10 , 12 or 1 
n 36 trauma admissions. 9 The incidence varies in the lit- 
rature from 40 to 70/100 000 to 33/1000 population an- 
ually. 2 , 7 , 14 Previous studies found that pretibial lacerations 
arry an excessive mortality 9 and a significant financial im- 
act, reaching up to £3500 per hospital admission. 5 , 14 

Social and Health Care Services in Kymenlaakso, Finland 
xtends across a catchment area consisting of 170,500 res- 
dents. Kymenlaakso Central Hospital located in Kotka is a 
econdary 24-h on-call facility with plastic surgery services. 
he Kymenlaakso region also includes 14 healthcare centres 
nd one smaller 24-h on-call centre in Kuusankoski without 
urgical facilities. 
To the best of our knowledge, no previous studies on 

retibial lacerations in Finland have been conducted. This 
tudy aims to review the pretibial lacerations occurring be- 
ween 2015 and 2019, treated at Kymenlaakso Central Hos- 
ital and its surrounding healthcare centres. 

atients and methods 

he Institutional Review Board of the hospital approved this 
etrospective chart review study and its protocol. 
We performed an electronic search using the LifeCare R ©

atabase of the Kymenlaakso Central Hospital for all pa- 
ients treated in the central hospital or surrounding smaller 
ealthcare centres for a traumatic lower leg wound begin- 
ing from 1 January 2015 through 31 December 2019. We 
earched for patients using the following ICD10 codes and 
urgical treatment procedural codes: 

ICD10 codes: t

2 
S80.1 Contusion of other and unspecified parts of the 
lower leg 

S81.8 Other superficial injuries of the lower leg 
S81.9 Open wound of the lower leg, part unspecified 
S85.8 Injury of other blood vessels along the lower leg 

level 
S85.9 Injury of unspecified blood vessel along the lower 

leg level 
S89.9 Unspecified injury of the lower leg 
T14.0 Superficial injury of an unspecified body region 
abrasion, blister (nonthermal), bruise, contusion, 

haematoma, injury from superficial foreign body 
(splinter) without major open wound, insect bite 
(nonvenomous), superficial injury 

T14.5 Injury of the blood vessel(s) of an unspecified body 
region 

T14.9 Injury, unspecified 

Surgical procedure codes used in our patient search: 

QDB00 Lower limb wound suturing 
QDB05 Lower limb wound revision 
QDB10 Lower limb wound dressing change 
QDB99 Other lower limb wound suturing/dressing change 
QDG20 Lower limb chronic wound revision 
QDA10 Lower limb skin incision 
ZZA00 Split skin graft, autograft 
TQW11 Negative pressure wound therapy application 

We included patients who were ≥65 years old, had a 
raumatic wound, laceration, contusion, or a haematoma 
ith a skin defect along the lower leg. The anatomical lo- 
ation was defined as falling between the knee and ankle 
nteriorly, medially, or laterally. 
The computerised medical records of patients included 

ere reviewed in detail by one author (TS) and the data 
eviewed for each patient included their age, gender, in- 
ependence, physical ability, the use of walking aid equip- 
ent, previous medical history, medications (specifically 
nticoagulation, per oral cortisone, and immunosuppres- 
ants), the injury mechanism, wound length, length of stay 
LOS) in the hospital’s plastic surgery ward, LOS in a health- 
are centre ward, mortality, treatment (conservative or op- 
rative), complications, and outcome. If wound healing ex- 
ended beyond three months (90 days), the wound was clas- 
ified as chronic. 15 , 16 We also recorded the number of ER 
isits, follow-up visits with a physician, and any nurse con- 
ultations or appointments. Finally, we recorded additional 
raumatic lacerations before the pretibial laceration 
Based on the medical record data and photographs ob- 

ained for the wounds, a modified Dunkin classification was 
stablished for each patient. We used the following descrip- 
ion for the modified Dunkin classification: type I repre- 
ented a simple linear laceration without skin loss; type II 
 laceration with a viable flap; type III a laceration with a 
onviable flap; type IV a total skin loss; and type V a lacer-
tion with a subcutaneous haematoma. 
The LOS was extracted from the electronic patient files, 

hilst the cause of death was determined from patient 
eath certificates. We calculated the 3-month mortality 
ate from hospital admissions records. The Charlson comor- 
idity index (CCI) was calculated for each patient based on 
he diagnoses listed in the computerised medical records 
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Figure 1 Patients stratified by their modified Dunkin classification in 103 patients. 
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sing the following internet calculator: https://www. 
dcalc.com/charlson- comorbidity- index- cci . For postoper- 
tive complications, we used the Clavien–Dindo classifica- 
ion. 17 

esults 

he specific inclusion criteria yielded 116 patients. Table 1 
ummarises their detailed demographic data and wound- 
elated data. Nine (7.76%) patients were from abroad or 
rom other provinces and, thus, were lost to follow-up. This 
esulted in 107 patients available for a more thorough anal- 
sis. Briefly, we observed a slight female overrepresenta- 
ion, with 67% women. The mean age for all patients was 
9 years, ranging from 65 to 97 years. A total of 77 (66.4%) 
ere self-sufficient or independent, and 51 (44%) patients 
sed walking aid equipment. In addition, 61 (52.99%) pa- 
ients had at least one additional traumatic laceration in 
heir medical history before or after the pretibial laceration 
nalysed. 

harlson comorbidity index 

he CCI was calculated based on the medical records for 107 
92%) patients. The mean CCI was 5.64, ranging from 2 to 11 
ith a median of 5. Underlying conditions and medications 
nown to affect the skin and subcutaneous tissue included 
nticoagulant medications in 67 (57.8%) patients, dermato- 
orosis in 64 (55.2%), and cortisone medications in 34 (29%) 
atients. 

ounds 

he distribution of the wounds included 58 (50%) affect- 
ng the left, 56 (48.3%) the right, and 2 (1.7%) affecting 
oth legs. In the patient files, sufficient information was 
ound in 103 (88.79%) patients to determine the modified 
unkin classification ( Figure 1 ). Wound length was recorded 
n 97 (83.62%) patients, finding in a mean length of 8.09 cm 
3 
range, 1–30 cm). Photographs were taken for the electronic 
les in 24 (20.69%) patients. 

odified Dunkin classification 

he distribution of the modified Dunkin classifications was 
s follows: 36 (34.95%) patients had a type I linear lacera- 
ion, 38 (36.89%) a type II, 8 (7.77%) a type III, 12 (11.65%)
 type IV, and 9 (8.74%) a type V laceration. The median 
odified Dunkin classification was 2. 
The injury mechanism was recorded in 100 (86.21%) pa- 

ients, for whom falling on a flat surface was the most com- 
on, which was noted for 25 (21.55%) patients. 
The term ‘pretibial laceration’ or ‘dermatoporosis’ did 

ot appear at all in patient medical records during data ex- 
raction. Findings were described in a more commonplace 
anner, through phrases such as ‘wound of the shin/crus’ 
r ‘pergament-like skin’ in cases of obvious dermatoporo- 
is. 

reatment 

he majority of patients ( n = 95; 81.90%) were discharged 
ome from the Kymenlaakso Central Hospital ER or from a 
ealthcare centre appointment. The mean number of ER vis- 
ts due to the same laceration was 1.3 (range, 1–6) across 
09 patients. Altogether, 21 (19%) patients had at least one 
eadmission to the ER within 30 days of the initial injury, 5 
4.6%) had two ER readmissions, and 1 (0.9%) had three or 
ore readmissions. 
Figure 2 illustrates treatment in relation to wound classi- 

cation. Most ( n = 109; 93.97%) of the wounds were treated
onservatively, of which 36 (33%) were type I, 38 (34.9%) 
ype II, 8 (7.3%) type III, 10 (9.2%) type IV, and 5 (4.6%)
ype V lacerations. Among 15 (12.93%) patients, conserva- 
ive treatment involved the use of negative-pressure wound 
herapy. 
A total of 66 (56.90%) were treated using primary sutur- 

ng of the wound without a scheduled follow-up, except for 
uture removal. Amongst these patients, 26 (39.4%) were 

https://www.mdcalc.com/charlson-comorbidity-index-cci
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ype I, 31 (47.0%) type II, 4 (6.0%) type III, 3 (4.5%) type IV,
nd 2 (3.0%) type V lacerations. 
A total of 11 (9.48%) patients received operative treat- 

ent. In 9 (81.8%) operatively treated patients, the use 
f negative-pressure wound therapy was involved. Further- 
ore, among operatively treated patients, 1 (9.1%) wound 
as primarily type I, but needed a revision due to infec- 
ion, 1 (9.1%) type II, 0 (0.0%) type III, 4 (36.4%) type IV, 
nd 5 (45.5%) type V lacerations. In addition, 6 (54.5%) pa- 
ients were treated with a split-thickness skin graft, among 
hom 2 (33.33%) had a type IV and 4 (66.67%) had a type V
aceration. Two patients did not consent to operative treat- 
ent despite a recommendation and their wound classifi- 
ation was undetermined. The average time from injury to 
urgery was 21.8 days (range, 2–70 days). 
Only 25 (21.55%) patients received treatment via the 

lastic surgery ward. The mean LOS was 9.6 days in the 
lastic surgery ward (range, 1–51 days). Following primary 
ospitalisation, 13 (11.21%) patients needed treatment and 
ehabilitation in a healthcare centre ward. The mean dura- 
ion of in-hospital stays in healthcare centres was 21.1 days 
range, 0–86 days). 

omplications 

verall, 35 (30.17%) complications were recorded, the most 
ommon of which included local wound infections (71.4%). 
ore severe cellulitis-type infections or generalised infec- 
ions were recorded for 9 (7.76%) patients. Only two pa- 
ients undergoing operative treatment had a minor infection 
omplication (i.e., Clavien–Dindo class 1). 

ollow-up healing 

ound healing whether conservatively or operatively 
reated was tracked or monitored in 88 (75.86%) patients. 
he mean duration for follow-up was 75.16 days, ranging 
rom 0 to 356 days. Wound healing took more than 3 months 
n 37 (31.90%) patients, requiring on average 3.4 (range, 0–
3) physician visits or consultations and 18.9 (range, 0–200) 
4 
urse consultations or appointments including home visits. 
uccessful wound healing was eventually observed in 89.66% 

f patients during a time period ranging from 0 to 356 days. 

ortality 

mongst all 107 patients, 13 died during the first three 
onths following hospital admission. The mean age among 
eceased patients was 84.77 years (range, 70–90; Figure 3 ). 
he 90-day mortality rate was, thus, 12%. Altogether, 6 
46%) patients died at home or in a retirement home and 
 (54%) on a hospital ward. The cause of death was deter-
ined for 11 (85%) patients: 4 (30.7%) patients died of pneu- 
onia, 4 (30.7%) from coronary artery disease, 2 (15.4%) 
rom Alzheimer’s disease, and 1 (7.7%) from kidney failure. 
ll of these patients suffered a pretibial laceration 22–81 
ays earlier, with 12 (92.3%) patients experiencing unsuc- 
essful wound healing before death. 

iscussion 

e reviewed 116 computerised medical records for pa- 
ients who experienced a traumatic pretibial laceration, 
rom which 107 patients were analysed in further detail. 
e found that the majority of patients were elderly women, 
onsistent with previous studies. 2 , 9 , 10 Most lacerations were 
uperficial and small, such that modified Dunkin types I and 
I lacerations accounted for 71.84% of all wounds, explain- 
ng why treatment was largely conservative. Only 11 (9.48%) 
atients were treated operatively with a split-thickness skin 
raft or surgical debridement, among whom 9 (81.8%) were 
lassified as experiencing modified Dunkin type IV or V lac- 
rations. The modified Dunkin classifications appeared to 
orrelate with the specific treatment options selected (con- 
ervative or operative) for the lacerations. The number of 
omplications in our cohort was high, with an overall com- 
lication rate of 30.2%. Most complications consisted of lo- 
al wound infections, whilst severe infections consisting of 
ellulitis or systemic infections remained rare. 
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Comorbidities and medications were frequent in our co- 
ort, although over half of the patients were self-sufficient 
r independent and less than 50% of patients used walk- 
ng aid equipment. Nevertheless, the general incidence of 
atient independence may explain why LOS on the plastic 
urgery ward was relatively long, reaching a mean of 9.6 
ays and ranging from 0 to 51 days. Cahill et al. reported 
 LOS of 7.8 days for patients undergoing surgery. 10 In our 
ohort, patients who received further treatment and reha- 
ilitation in a healthcare centre ward had a mean LOS of 
1 days. Taken together, patients with pretibial lacerations 
ppear at risk for long hospitalisations, possibly leading to a 
urther decline in their independence. 
The majority ( n = 66, 56.90%) of lacerations were treated 

rimarily with suturing. This included both linear and 
ap lacerations, despite recommendations in the litera- 
ure against the use of primary suturing of flap lacerations 
iven the increased risk for skin-edge necrosis. 18 , 19 What 
s particularly striking is that healthcare professionals ap- 
eared unfamiliar with the entire concept of pretibial lac- 
rations and did not seem to regard pretibial lacerations as 
 distinct medical entity. No terminology related to pretib- 
al lacerations or even dermatoporosis was found in the 
atient records we examined. This indicates that pretib- 
al lacerations are poorly recognised and understood in 
inland. 
Mirroring the existing literature, we found that wound 

are takes place primarily in community-level healthcare 
entres by wound care nurses. 18 This leaves emergency de- 
artment physicians not knowing the outcome of primary 
reatment, 18 possibly explaining why flap lacerations are su- 
ured despite poor healing. It is known that without ade- 
uate wound care pretibial lacerations frequently become 
hronic. 2 In our study, wound healing extended beyond 3 
onths in 32% of patients. Follow-up care required mul- 
iple nurse appointments and the excessive use of wound 
ealing products. Successful wound healing was eventually 
bserved in 89.66% of patients. This, then, points to the 
eed for studies regarding treatment methods that facili- 
ate healing and lessen the number of follow-up visits re- 
uired. 
5 
Our study constitutes a large cohort of patients com- 
ared to previous studies, cohorts ranging from 24 to 73 
atients. 5 , 6 , 12 , 13 , 18 Larger trials on the treatment of pretib- 
al injuries and prospective studies also remain limited. 6 

e found only one randomised trial of 25 patients exam- 
ning treatment methods for pretibial lacerations, which 
dvocated skin grafting over primary flap defatting and 
losure. 20 Other results across treatment options vary and 
o consensus on treatment guidelines currently exist. 5 , 10 

ome evidence supports operative treatment via skin graft- 
ng since conservative treatment for larger defects may take 
ime. 19 , 20 Other studies recommend conservative treatment 
or comorbid elderly patients. 8 

The limitations of this study include its retrospective 
tudy design. We relied on data recorded for purposes other 
han research and, thus, reviewing and analysing clinical 
iagnostic impressions from medical records can limit the 
ndings of our work. Furthermore, data related to the mod- 
fied Dunkin classification were unavailable and we were 
orced to classify lacerations using the descriptions or pho- 
ographs of wounds from the computerised patient medical 
ecords. The strength of this study lies in our ability to track 
 patient’s rehabilitation accurately, thereby gaining a real- 
stic understanding of pretibial laceration healing process. 
horough patient tracing revealed the numerous follow-up 
isits and long rehabilitative hospitalisation periods, indica- 
ive of significant declines in patient independence and the 
eed for resources. 
Treatment, LOS, and follow-up of pretibial lacerations 

equire excessive healthcare resources as noted in previous 
tudies 7 . Understanding that pretibial lacerations are prone 
o wound infections and prolonged healing, as well as asso- 
iated with compromised independence could result in di- 
ecting aid and preventive resources to these patients. This 
tudy can help raise awareness amongst healthcare profes- 
ionals regarding pretibial lacerations. Preventing pretibial 
acerations from happening in the first place may be highly 
dvisable. This could be achieved, for example, by encour- 
ging at-risk patients to wear clothing made with protec- 
ive fabric. 7 In this study, a significant proportion of pa- 
ients (52.9%) suffered or had suffered at least one addi- 
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Table 1 Demographic data of 116 patients with a pretibial 
laceration. 

Gender N (%) 
Female (%) 78 (67.24%) 
Male (%) 38 (32.76%) 

Mean age Years (range) 
All 79.30 (65–97) 
Female 81.3 (65–97) 
Male 75.2 (65–94) 

Charlson comorbidity index N (%) 
3 19 (17.8%) 
7 18 (16.8%) 
5 16 15.0%) 
4 15 (14.0%) 
6 13 (12.2%) 
8 10 (9.3%) 
9 6 (5.6%) 
10 5 (4.7%) 
2 4 (3.7%) 
11 1 (0.9%) 

Previous medical conditions N (%) 
Hypertension 88 (75.86%) 
Dermatoporosis 64 (55.17%) 
Lower limb oedema 37 (31.90%) 
Cognitive impairment 35 (30.17%) 
Autoimmune disease 30 (25.86%) 
Asthma 27 (23.28%) 
Atherosclerosis 26 (22.41%) 
Congestive heart failure 25 (21.55%) 
Diabetes 20 (17.24%) 
Kidney insufficiency 16 (13.79%) 
Cancer 16 (13.79%) 
Hypothyreosis 15 (12.93%) 
Rheumatoid arthritis 12 (10.34%) 
Peripheral vascular disease 7 (6.03%) 
Chronic venous impairment 6 (5.17%) 
COPD 6 (5.17%) 
Polymyalgia rheumatica 5 (4.31%) 
Pacemaker 4 (3.45%) 
Epilepsy 4 (3.45%) 
Pulmonary fibrosis 3 (2.59%) 
Sarcoidosis 3 (2.59%) 
Liver cirrhosis 2 (1.72%) 
Cardiomyopathy 1 (0.86%) 
Polycythaemia vera 1 (0.86%) 
Parkinson’s disease 1 (0.86%) 

Laterality of injury N (%) 
Left 58 (50.00%) 
Right 56 (48.28%) 
Bilateral 2 (1.72%) 

Mean wound size cm/cm 

2 

(range) 
Length 8.9 (1–30) 
Area 38 (1–200) 

( continued on next page ) 

Table 1 ( continued ) 

Aetiology of injury N (%) 
Falling on flat ground 25 (21.55%) 
Stumbling during outdoor work 17 (14.66%) 
Stumbling in the bathroom or sauna 14 (12.07%) 
Hitting an object 14 (12.07%) 
Stumble upon a walker-roller or 

wheelchair 
12 (10.34%) 

Stumble upon furniture 12 (10.34%) 
Stumble upon or falling from the 

stairs 
12 (10.34%) 

Hitting a car door 9 (7.76%) 
Falling from a bed 4 (3.45%) 
Falling from a wheelchair 4 (3.45%) 
During a boat ride 4 (3.45%) 
Bumping into or falling with a bicycle 3 (2.59%) 
During construction work 3 (2.59%) 
Injured by a pet or animal 1 (0.86%) 

Treatment N (%) 
Conservative 109 (93.97%) 
Operative 11 (9.48%) 
Split thickness skin graft 6 (5.17%) 

Mean length of hospital stay Days (range) 
Local health care centre ward 21.1 (1–86) 
Plastic surgery ward 9.62 (1–86) 

Mean number of follow-up visits N (range) 
Nurse wound care appointments 18.90 (0–200) 
Physician appointments/ 

consultations 
3.3 (0–13) 

t
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6 
ional traumatic laceration during the time period exam- 
ned, emphasising the need for preventive measures. Fu- 
ure studies should focus on treatment for and calculating 
he accurate costs of pretibial lacerations. 
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