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Abstract

Purpose To describe the incidence and injury distribution
of knee injuries in the general population of a European
setting.

Methods Retrospective study of all knee injuries regis-
tered at the Emergency Department at Umea University
Hospital, Sweden, during 1995-2009 in relation to age,
sex, diagnosis, location and activity at the time of injury,
mechanism of injury, and treatment and/or follow-up plan.
Results  During 1995-2009, 12,663 knee injuries were
registered, 8 % of all injuries. The incidence of knee
injuries resulting in a visit to the Emergency Department
was six cases per 1,000 person years. One-third of all
injuries occurred during sports. And 30 % were
15-24 years. More men than women were injured during
sporting activities and women were mostly injured during
transportation.

Conclusion Knee injuries in a general population are
common and the injury distribution varies with age and
sex. Sports activities and young age were prominent fea-
tures of the injured population.

Level of evidence 1V.
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Introduction

In 1991, Nielsen and Yde [8] noted the lack of description
of the epidemiology of acute knee injuries in the literature.
Their findings were that roughly 6 % of all injuries treated
at an Emergency Department (ED) involved the knee joint,
and the incidence was calculated to 12 injuries per 1,000
inhabitants per year [8]. The best attempt since then, in
over 20 years, is the study of Gage et al. [3] published in
2012, including 6.6 million knee injuries where they found
an incidence of 2.29 knee injuries per 1,000 persons per
year. Most knee injuries are minor ones such as abrasions,
contusions etc., and can be treated at the ED while other
injuries are more severe; dislocations, fractures, ligament
injuries, meniscal tears and cartilage damage and might
need surgery.

Fractures have been shown to occur more frequently in
early adolescence and old age [1, 5]. In other periods of
life, injury is more likely to affect other tissues. In a long-
term perspective, severe injuries like cartilage defects, but
also meniscus tears and ligament injuries which lead to
instability, may result in an increased risk of osteoarthritis
besides impaired function, temporary or permanently [6,
10, 12, 13]. High injury rate is found among teenager and
young adults; the impaired function will follow them
throughout life with effects as social, emotional, psycho-
logical, physical, and economical [3]. Besides the personal
suffering, there is also an impact on the society due to loss
of work days and costs for health care [4]. With knowledge
of incidence in a general population, there might be a better
support for further studies and prevention work.
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Umea University Hospital (UUH), Sweden, has the only
ED in the area, serving a population of approximately
140,000 inhabitants. All patients or next of kin are asked to
fill in a questionnaire about the circumstances when seek-
ing care at the ED, and this questionnaire serve as basis for
the injury registration system (IRS). Previously, IRS has
been used to identify risk factors and type of fractures in
youth and elderly [1, 5]. The IRS also reports all traffic
injuries to the Swedish Traffic Accident Data Acquisition
(STRADA), and data are used in injury prevention work [9,
14, 15].

The aim of this study is to describe the incidence and
injury distribution of knee injuries in a general population.

Materials and methods

UUH serves Umea and its five neighboring municipalities
with a total population of about 140,000. The average age
of the population in the year of 2009 was 40 for women and
38 for men. During the study period, there was only one
emergency and radiology unit within a radius of approxi-
mately 100 km; therefore, all injuries in the area requiring
assessment by an orthopedic consult and/or radiographic
investigation are registered.

The injury registration at UUH is part of a collaborative
project within the European Union using the injury data-
base (IDB) to which selected hospitals in Europe contribute
data. The manner of registration at UUH is in accordance
with registration at all other IDB centers. At UUH, the
injury registration started in 1985; in 1993, all data col-
lected were digitalized and fed into a database. For prac-
tical reason, data not digitalized were excluded from
analyses. Also data from 1993 to 1994 were excluded from
analyses as these years had fewer injuries recorded, com-
pared to subsequent years of registration (maybe due to
break-in period of the registration). The registration misses
for in-patients are negligible, as a check against the hos-
pitals compulsory E-number (External cause to inpatient
treatment-ICD 10) made it possible to find missed cases.
Since 1998, the registry of the ED’s reception desk was
also cross-checked, to estimate the numbers of cases lost
due to lack of registration among outpatients. The lack of
registration of injuries among outpatients resulting in
dropout for 1998-2009 was estimated to be 10 % or less,
the loss has varied somewhat over the years, but it never
exceeded 11 %.

Data from patient’s questionnaire, from ambulance
personnel, police reports, and medical record including
attending physician’s diagnosis, have been included in the
data set. All data collected were fed into the IRS by per-
sonnel at the Emergency and Disaster Medical Center at
UUH. The staff responsible for the registration into the
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database uses a specific manual in order to secure consis-
tency in the definition of variable values, and the staff is
continuously educated how to register and code different
injuries. Variables include injured body part, type of injury,
age, sex, location and activity during injury, mechanism of
injury, and type of treatment/follow-up. All injury events
located to “the knee” were included in the analysis. In the
case of multiple injuries to the knee, e.g., a simultaneous
laceration and fracture, this was considered as one injury
event in the analysis, except in the analysis of diagnosis
where all diagnoses are reported. In this material, the
diagnoses are divided into sprain/strain, dislocation, con-
tusions, open wounds or abrasions, fractures, and others
(frostbites, burns and inflammatory response due to over-
use etc.).

Statistical analysis

Rates are presented as age- and sex-adjusted incidence
density per person years, using Swedish national figures for
the year 2000 as the standard population, or as age- and/or
sex-specific incidence density. For all incidence density
rates 95 % CI are given. For comparison of subgroups, rate
ratios, i.e., risk ratio, are presented, with 95 % Cls.

This project was approved by the Regional Ethical
Review Board in Umea (2011-06-16, nr 2011-162-31M).

Results

During 1995-2009, 162,467 injuries were registered in the
IRS at UUH. Of all injuries in the IRS, between 536 and
1,010 each year, were registered as a knee injury, all
together 12,663 injuries (8 %) (Fig. 1). These knee injuries
occurred in 6,041 (48 %) women and 6,622 (52 %) men.
The incidence of knee injuries resulting in a visit to the
hospital ED was six cases per 1,000 inhabitants per years
(Table 1).

Mechanism of injury

The most common mechanism of injury in women and
men was different types of falls, women 2,962 (23 %),
and men 2,374 (19 %) (Table 2). Half of all women
(50 %) sustaining a knee injury from falls were 50 years
of age or older, for men only 28 % were 50 years of age
or older.

Diagnosis

In total, 5,483 injuries are classified as sprains/strains
(women 19 %, men 34 %); 596 as dislocation (women



Knee Surg Sports Traumatol Arthrosc (2014) 22:1149-1155

1151

Year1995-2009

Injuries/1000 inhabitants per year

Fig. 1 Incidence of knee injuries per year 1995-2009. Bar graph
showing incidence (cases per 1,000 inhabitants per year) for a visit to
the Emergency Department at Umea University Hospital involving a
knee injury among the general population of Umea and its five
neighboring municipalities during 1995-2009

Table 1 Incidence: sex- and age-specific incidence of all knee
injuries per 10,000 inhabitants per year

Age Incidence Incidence Rate 95 % CI
men women ratio RR

00-04 13 8 1.6* 1.11-2.32
05-09 46 42 1.1 0.93-1.30
10-14 121 102 1.2% 1.07-1.31
15-19 150 137 1.1 1.00-1.20
20-24 105 84 1.3*% 1.14-1.38
25-29 81 55 1.5% 1.29-1.64
30-34 63 44 1.4% 1.23-1.64
35-39 61 44 1.4% 1.18-1.59
40-44 57 43 1.3* 1.13-1.53
45-49 44 40 1.1 0.93-1.30
50-54 44 46 1.0 0.81-1.11
55-59 36 43 0.8 0.70-1.00
60-64 35 46 0.8* 0.63-0.93
65-69 32 50 0.6* 0.51-0.78
70-74 31 49 0.6* 0.51-0.81
75-79 28 49 0.6* 0.44-0.76
80-84 26 64 0.4* 0.29-0.56
85-89 35 68 0.5% 0.35-0.77
90+ 80 73 1.1 0.68-1.78
All ages 62 56 1.1* 1.07-1.15

Age-specific risk ratios with 95 % CI and crude rate for men and
women (the total number of events occurring in an entire population
over a period of time)

* Significant differences between women and men

Table 2 Injury mechanism: distribution of injury mechanism which
lead to a knee injury

Injury mechanism Population

n (male)  Percent n (female)  Percent
Falls 2,374 36 2,962 49
Contact injury® 2,285 34 1,638 27
Overuse” 1,436 22 1,154 19
Other and unknown 527 8 287 5
Total 6,622 100 6,041 100

* Contact with person/animal/objects in motion or rest

 Overuse due to heavy lifting, twisting own body etc

Table 3 Sex- and age-specific incidence of knee fractures per 10,000
inhabitants per year

Age Incidence Incidence Rate 95 % CI
men women ratio RR

00-04 0 0 0.9 0.17-5.50
05-09 1 1 0.9 0.35-2.59
10-14 4 2 1.7 0.94-3.22
15-19 7 3 2.5% 1.47-4.43
20-24 4 2 1.9% 1.07-3.34
25-29 3 2 1.5 0.82-2.63
30-34 4 1 2.5% 1.22-5.07
35-39 4 3 1.7 0.93-2.99
40-44 3 2 2.0 0.97-4.23
45-49 3 4 1.3 0.68-2.37
50-54 3 4 0.8 0.47-1.45
55-59 3 7 0.4%* 0.20-0.63
60-64 3 6 0.6 0.30-1.01
65-69 5 12 0.4* 0.24-0.67
70-74 4 13 0.3* 0.18-0.59
75-79 4 14 0.3* 0.13-0.51
80-84 5 15 0.4* 0.19-0.73
85-89 11 17 0.7 0.32-1.32
90-105 28 10 2.8% 1.08-7.11
All ages 4 5 0.3* 3.945

Age-specific risk ratios with 95 % CI and crude rate for men and
women (the total number of events occurring in an entire population
over a period of time)

* Significant differences between women and men

3 %, men 2 %); 3,441 as contusions (women 14 %, men
12 %), 1,841 as open wounds or abrasions (women 6 %,
men 8 %), 832 as fractures (women 3 %, men 3 %)
(Table 3). The other 770 injuries included frostbites, burns,
and inflammatory response due to overuse (Fig. 2). 81
women and 129 men were missing a specific diagnosis.
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Fig. 2 Incidence of knee 80
injuries related to diagnosis.
Line graphs showing sex- and 70

age-specific rate of knee injuries
categorized in different
diagnoses seen at the
Emergency Department at
Umea University Hospital
among the general population in
Umea and its five neighboring
municipalities. The mean age
for men to suffer a knee sprain/
strain was 30 (median 26) and
for women 31 (median 24)
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The age group between 15 and 24 years accounted for a
large proportion of all injuries, 1,731 women (14 %) and
2,004 men (16 %) (Fig. 2).

Activity

In women, the most common activity was transportation
(walking, driving car or bicycle etc.); 2,174 injuries (17 %)
(Fig. 3). In men, 1,741 injuries (14 %) occurred during
transportation (Fig. 3; Table 4). In the transportation-rela-
ted injuries, among women 1,155 (9 %) were pedestrians
and in men 649 (5 %) (Table 5). In men, the most common
activity was sports, 2,498 cases (20 %). In women, sports
injuries accounted for 1,703 cases (13 %) (Table 6). Per-
sons aged 15-24 years accounted for 1,902 cases (45 %) of
all sports-related knee injuries.

The most common sporting activity leading to a knee
injury was soccer [869 men (7 %), 528 women (4 %)]. 147
(1 %) cases had missing values in activity taking place at
time when injury occurred.

Most patients were injured during their spare time, 4,838
(38 %) women and 5,314 (42 %) men.

Location

The single most common injury location for both women
and men was sports hall/gymnasium, 645 women (5 %)
and 874 men (7 %). Other common injury locations were
sports facility outdoors; 406 women (3 %), 694 men
(5 %); public street in urbanized area; 549 women (4 %),
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Fig. 3 Activity at time of injury. Histogram showing the distribution
of activities taking place at the time of knee injury, resulting in a visit
to the Emergency Department at Umed University Hospital

439 men (3 %); ski resort; 330 women (3 %), 346 men
(3 %).

Treatment

The distribution of various treatments and/or follow-up
plans among patients registered with knee injuries was as
follows: examined without treatment 2,347; 1,173 (9 %)
women and 1,174 (9 %) men; treated with/without revis-
iting the same clinic 7,536; 3,518 (28 %) women and 4,018
(32 %) men; referred to other clinics 1,549; 686 (5 %)
women and 863 (7 %) men; treated and admitted to
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Table 4 Activities taking place at the time of knee injury

Activity at time of injury Population

n (male) Percent n (female) Percent

Work 546 8 230

Housework® 262 4 174 3
Education (not sport 44 1 59 1

lesson)

Sports 2,498 38 1,703 28
l"lay/lc-:asureb 1,159 17 1,220 20
Transportation® 1,741 26 2,174 36
Other and unspecific 312 5 394 7
Missing cases 60 1 87 1
Total 6,622 100 6 041 100

4 Housework/do-it-yourself work (cooking, repairs, maintenance etc.)
® Harvesting of natural resources/Leisure time activity/vital activity
(ex. games, fishing, hunting, sleep, eat etc.)

¢ Notice the differences between men and women in the ratio
between vehicle/pedestrian related injuries, men 1,092/649, women
1,019/1,155

Table 5 Age- and sex-specific pedestrian injury incidence per 10,000
inhabitants per year

Age Incidence Incidence Risk 95 % CI
men women ratio RR

00-04 1 1.33 0.42-4.18
05-09 3 0.82 0.45-1.49
10-14 8 7 1.05 0.71-1.54
15-19 7 10 0.73 0.50-1.05
20-24 6 10 0.62%* 0.44-0.86
25-29 5 0.70 0.47-1.06
30-34 6 0.67* 0.46-0.97
35-39 5 0.64* 0.42-0.97
40-44 6 0.71 0.48-1.05
45-49 5 10 0.48* 0.31-0.73
50-54 6 13 0.47%* 0.32-0.68
55-59 7 16 0.44* 0.30-0.63
60-64 10 16 0.60* 0.42-0.84
65-69 7 22 0.32% 0.21-0.48
70-74 10 21 0.49* 0.33-0.73
75-79 11 18 0.62* 0.40-0.95
80-84 11 22 0.52% 0.32-0.86
85-89 14 17 0.78 0.40-1.53
90-105 7 20 0.35 0.08-1.50
All ages 6 11 0.56%* 0.51-0.61

Age-specific risk ratios with 95 % CI and crude rate for men and
women (the total number of events occurring in an entire population
over a period of time). The mean age for men to suffer a knee injury
as pedestrian was 42 (median 41), and for women 49 (median 52)

* Significant differences between women and men

Table 6 Sex- and age-specific rates of sports-related knee injuries
per 10,000 inhabitants per year

Age Incidence Incidence Risk 95 % CI
men women ratio
00-04 2 1 1.67 0.60-4.89
05-09 16 17 0.89 0.68-1.18
10-14 57 55 1.02 0.89-1.18
15-19 85 72 1.19* 1.05-1.34
20-24 56 34 1.65% 1.43-1.89
25-29 41 18 2.24% 1.84-2.70
30-34 24 8 3.09%* 2.30-4.19
35-39 19 12 1.53* 1.16-2.01
40-44 15 11 1.45% 1.06-1.94
45-49 8 5 1.69* 1.12-2.64
50-54 4 3 1.25 0.72-2.21
55-59 3 2 1.29 0.63-2.61
60-64 2 2 0.88 0.35-2.23
65-69 1 0 6.00 0.84-34.00
70-74 1 0 0.00 0
75-79 0 0 0.00 0
80-84 0 0 0.00 0
All ages 22 15 1.46* 1.40-1.59

Age-specific risk ratios with 95 % CI and crude rate for men and
women (the total number of events occurring in an entire population
over a period of time). The mean age to suffer a sports-related knee
injury for men was 23 (median 21) and women 21 (median 18)

* Significant differences between women and men
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Fig. 4 Distribution of knee injuries related to treatments (include:
patches, cast, bandage, crutches, sewing etc.). Bar graph showing
distribution of treatment/follow-up plan (n) of acute knee injuries
registered at Umea University Hospital during 1995-2009

hospital 1,201; 652 (5 %) women and 549 (4 %) men;
other or unspecific treatment; 30 (12 women and 18 men)
(Fig. 4).
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Discussion

The most important finding of the present study was that
the incidence of knee injury in a general population,
resulting in a visit at the ED at UUH, was as high as six
cases per 1,000 inhabitants per years. The knee injury
distribution varies with age; the age group between 15 and
24 years accounts for one-third of all injuries and the injury
is most likely a sprain or strain. Our findings will hopefully
encourage planning for medical resources to identify
complex injuries in this young population, injuries that may
lead to impaired function in long term perspectives, as fast
as possible.

The analysis of IRS data showed that knee injuries
causing visits at the ED are common; there are approxi-
mately as many knee injuries registered at UHH as there
are wrist and ankle injuries. The true incidence of knee
injuries is higher since some are not seen at the ED.
Nielsen and Yde [8] reported a rate of knee injuries at two
ED’s in Arhus, Denmark, of 12 cases per 1,000 inhabitants
per year. There are differences in the setup of the present
study and Nielsen and Yde’s study; their study was during
one single year, and in the present study, all knee injuries
seen at the ED during 15 years were included. The dif-
ference in rates of knee injuries could also due to differ-
ences in people’s tendency to seek medical care at an ED.
The total rate of visits due to injury was higher in the Arhus
study, 189 cases per 1,000 inhabitants per year compared to
the rate of 78 cases per 1,000 inhabitants per year in the
present study. The lower incidence in the present study
might also reflect more severe injuries. The incidence in
our study differs also from a study of 6.6 million knee
injuries resulting in a visit to ED from 1999 through 2008
[3]. Gage et al. found a rate of 2.29 cases per 1,000
inhabitants per year while our incidence is 6. The higher
incidence in our study may reflect that UUH has the only
ED with a radiology department in a radius of 100 km, and
Sweden has a social secure system that includes a health
insurance for all inhabitants.

As expected, the results show that fractures around the
knee were more common among elderly and young age as
is the case with fractures in general [1, 5]. In the older
population, fractures are more common, in incidence when
it comes to women (12-17/10,000), but also in proportion
(13-29 %) for both sexes. Clinical relevance of this finding
is that there should be a high suspicion of fracture when
evaluating the senior patient (65+) with a knee injury.
Sprains and strains were the most common type of knee
injury in both women and men especially in ages
15-24 years. Women and men aged 15-24 account for a
large proportion of the sports-related knee injuries, almost
half of these injuries. The fact that sport is related to a large
proportion of acute knee injuries is consistent with
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previous studies [3, 7, 8, 16]. The sex-related differences in
rates of sporting injuries may reflect changes in activity and
sports participation with age. It could be that women
become less active in sports as they enter late adolescence.
But it could also be that men, through their behavior and
choice of sporting activities, are more prone to knee injury
from late adolescence to middle age. The only activity
women are more frequently represented is transportation
and especially as pedestrians. Perhaps women walk to a
greater extent, instead of using a vehicle for transportation,
and are thereby more exposed to falls? Umea is located in
the northern part of Sweden with an average temperature
below zero, 5 months per year (November—March) with
slippery roads and sidewalks. This could increase the risk
of pedestrian injuries and be reflected in the rate of injuries
among those groups who are most active in walking.
Transportation, as an activity code, is not mentioned in the
study of Gage et al. [3] and is probably in the group of
“other” activity (6.9 %). Is this a result of prevention
work? Or is “walking” only a recreational activity in the
United States and seldom used for transportation? In a
previous study of falls among people aged 50 and older by
Painter et al. [11], it was presented that walking was the
most frequent cause of falling among both women and
men; women demonstrated a higher percentage of falls
compared to men regardless of age group.

Only 69 % of all knee injuries needed treatment at the
ED. The main reason to seek health care at an ED is
probably to exclude fracture by radiograph and to get an
examination and diagnosis, not to get treatment in the first
instance unless, of course, there is a fracture, dislocation or
open wound that needs treatment.

The strength of the present study is the well-defined
community of approximately 140,000 inhabitants, with
unselected material. The average age of the population in
this study is slightly lower than the average age in Sweden;
this is probably because Umea holds a university with more
than 12,000 students living in Umea. A further strength of
this study is that the questionnaire used in the IRS has been
well adopted by the staff at the hospital, and the ques-
tionnaire is an advantage in itself compared to information
from a diagnostic register; it gives a more complex picture
of the injury because it includes not only medical details
but also information about circumstances surrounding the
injury. The missing cases in IRS are few, less than 11 %
(1998-2009). Funding from the Social Board and the
County Council has enabled an organization whose only
task it is to optimize the data in the IRS.

A limitation of the present study is the imprecise method
of classifying the injuries. We found it difficult to distin-
guish sprain from strain why we have chosen a combined
diagnosis, as used earlier by Gage et al. [3]. The diagnosis
of dislocation occurs mostly among young girls and
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probably consists of luxations of patellae, since “true”
knee luxation is very rare.

An avulsion fracture may be registered as a fracture
though it is a ligament injury and on the other hand; a
dislocation of the knee joint is classified with the same
code as a simple sprain. In the study of Nielsen and Yde,
knee injuries seen at two ED’s in Denmark during 1 year
were investigated; they followed their patients with knee
injuries for at least 18 months and they described that
many of their patients had a change of diagnosis during the
period of investigation [8]. In this study, we have analyzed
knee injuries, not patients; we do not know if some patients
repeatedly sought medical care for the same kind of injury.
For example, an injury of the anterior cruciate ligament
might lead to instability of the knee joint and those patients
could have multiple give-away episodes [2].

Results from the present study show a relatively high
incidence of strain and sprains in young people where sport
activity was most common among men. Early diagnosis of
complex knee injuries is probably crucial for best outcome
in the long run why there should be a specified follow-up
plan for this group with access to MRI and surgery.
Medical resources can also be better planned due to pro-
portion of children and elderly in the population; they are
most likely to incurring a fracture that might need treat-
ment by surgery and in hospital care. Our results can also
inspire to prevention work; why do female pedestrians
have a relatively high rate of knee injuries?

The incidence of knee injuries in a general population,
as described, is relatively high and the injury distribution
varies with age and sex. Sports activities and young age
were prominent features of the injured population. The
presented epidemiology of knee injuries gives a perspec-
tive and a basis for every forthcoming study involving knee
injuries. Analyzing material from a database is a blunt
method and it is not possible to distinguish a severe knee
injury from a minor one. In the present study, we have
analyzed knee injuries seen at an ED, which probably
reflects at least the incidence of more severe injuries.

Conclusion

Knee injuries in a general population are common, and the
injury distribution varies with age and sex. Sports activities
and young age were prominent features of the injured
population.
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