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ARCTIC MILITARY CONFERENCE IN COLD WEATHER MEDICINE

Freezing cold injuries among soldiers in the Norwegian Armed Forces – A cross 
sectional study
Tuva Steinberg a,b, Agnete Kristoffersen b, Geir Bjerkan a and Arne Johan Norheim b

aNorwegian Armed Forces – Joint Medical Services (NAF-JMS), Sessvollmoen, Norway; bNational Research Center in Complementary and 
Alternative Medicine (NAFKAM), Department of Community Medicine, UiT – The Arctic University of Norway, Tromsø, Norway

ABSTRACT
Introduction: Freezing cold injuries (FCI) are a common risk in extreme cold weather 
warfare operations. The Norwegian Armed Forces (NAF) have the expertise and capabilities 
in education and training for warfighting capabilities in the Arctic. Nevertheless, 
a substantial number of Norwegian soldiers sustain freezing cold injuries annually. The 
aim of this study was to describe the FCI in the NAF, the associated risk factors and clinical 
associations.
Methodology: The subjects for the study were soldiers registered with FCI in the 
Norwegian Armed Forces Health Registry (NAFHR) between January 1st 2004– 
July1st 2021. The soldiers answered a questionnaire regarding background, activities at 
the time of injury, description of the FCI, risk factors, medical treatment and any sequelae 
from their FCI.
Results: FCI in the NAF were most frequently reported among young conscripts (mean20.5  
years). Hands and feet are most often injured (90.9%). Only a minority (10.4%) received 
medical treatment. The majority (72.2%) report sequelae. Extreme weather conditions was 
the most important risk factor (62.5%).
Conclusions: Most soldiers had the knowledge to avoid FCI, but they were injured anyway. 
It is concerning that only one in 10 injured soldiers received medical treatment after 
diagnosed with FCI, increasing the risk of FCI sequelae.
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Introduction

Despite a long history of human existence in cold envir
onments and a general appreciation of protective tech
nologies to survive the cold, there are still many 
spectacular examples of human failure, often in the 
setting of military conflicts. Hannibal’s crossing of the 
Alps about 218 BC [1], the two World Wars in the 
twentieth century and the Falkland Conflict of 1982 
[2] all illustrate the relevance of the cold in both ancient 
and modern times. In a non-military setting, the num
ber of injuries due to cold is increasing, especially in 
those who partake in winter sports, mountaineering or 
Alpine and Nordic skiing [3].

The Norwegian boreal winter climate offers arctic 
conditions, especially in the northern part of the coun
try, where many military field operations are conducted. 
Changes in wind, humidity and temperature impose 
additional dimensions of external stress on military per
sonnel working under already harsh conditions [3].

The main task of the Norwegian Armed Forces (NAF) 
is to protect Norway from external threat or attack. 
Norway is also a member of the North Atlantic Treaty 
Organization (NATO). Norway hosts NATO's Centre of 
Excellence-Cold Weather Operations (COE-CWO) and 
acts as the main provider and coordinator of expertise 
and capabilities in the area of Cold Weather Operations 
in NATO [4]. This includes specific education, training 
and medical knowledge for warfighting capabilities in 
the Arctic. A vital part of the Arctic military strike force 
is a cold weather medicine component, with a focus on 
prevention, diagnosis and treatment of Cold Weather 
Injuries (CWI).

Freezing Cold Injuries (FCI) are caused by tissue tem
perature below −0.55°C. When tissue reaches tempera
tures below −0.55°C, ice crystals form within the cells. 
This causes a cellular shift of electrolytes with cell mem
brane lysis and death. The inflammatory process that 
develops can cause tissue ischaemia and necrosis [5–7].
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Soldiers with peripheral freezing injuries can experi
ence life-long changes in microcirculation and disrup
tion of neurological functions [8]. Long-term sequela 
are still not thoroughly understood, but some of the 
consequences following a freezing cold injury are cold 
hypersensitivity, chronic pain, sensory loss and osteoar
thritis [9,10]. The consequences of the soldier’s personal 
health can be severe and render them unfit for contin
ued service but will also have consequences for civilian 
occupation and possibly reduce quality of life if severely 
injured [6].

The treatment options for FCI are limited; these are 
often regarded as experimental or characterised as off- 
label treatment [11,12]. Since no evidence-based ther
apy is available, prevention plays an important role in 
FCI. However, effective prevention is also hampered by 
the poor understanding of individual risk factors and 
environmental risk factors.

The Norwegian Armed Forces – Joint Medical 
Services (NAF-JMS) is the central organisation responsi
ble for medical matters in the NAF, including FCI [13]. 
The Joint Medical Services also serves as caretaker for 
the Norwegian Armed Forces Health Registry (NAFHR), 
containing health data from all Norwegian military per
sonnel, including information regarding all types of 
injuries in the NAF. The primary objective of the registry 
is to identify risks linked to the different services and 
provide a foundational tool for research and data ana
lysis [14–16].

The aim of this study was to describe the Freezing 
Cold Injuries reported in the Norwegian Armed Forces 
Health Registry, and the associated risk factors and 
clinical associations.

Materials and methods

Freezing cold injury diagnostic criteria

In principle, FCI occurs at temperatures below the freez
ing point of the tissue, which is found to be

−0.55°C [3,17]. Local frostbite with a specific “frost
bite pathophysiology” does not occur at temperatures 
above the freezing point of the tissue. Symptoms aris
ing at higher tissue temperatures than −0.55°C are not 
regarded as FCI. Symptoms, for instance, blisters arising 
from FCI, tend to be in specific regions, like the tip of 
fingers, tip of toes and exposed areas in the face. 
A possible challenge in diagnosing frostbite could be 
that the symptoms fluctuate, making an exact diagnosis 
difficult. The FCI diagnosis in this study has been set by 
military doctors trained in cold weather injuries accord
ing to the clinical criteria used in previous research 
(Table 1).

Table 1 highlights the importance of blisters in the 
staging criteria. In this study, we have, therefore, used 
the presence of blister and the colour of the blister 
content to define FCI grades 1, 2 and 3. FCI has numer
ous clinical pictures, and this study categorises the 
classification into four different degrees/levels analo
gous to the classification of burn injuries [18]. If only 
the dermal layer is involved in an FCI, the injury has 
traditionally been regarded as a superficial FCI, subdi
vided into grade 1 and grade 2. A freezing process 
involving the subcutaneous layers and/or deeper into 
muscles, tendons and bones is classified as a deep FCI, 
subdivided into grade 3 and grade 4 [5].

Study subjects

From 1 January 2004– 1 July 2021, 2,387 persons 
were registered with different degrees of freezing 
cold injuries in the NAFHR [19]. This study is based 
on data from all personnel registered with the 
International Statistical Classification of Diseases and 
Related Health Problems (ICD-10) diagnosis codes 
related to CWI. Demographic variables and pre- 
service data were collected from the soldiers’ medical 
files. As the ICD codes do not impart information 
about the circumstances of the injury, this informa
tion was collected through a survey distributed to 
personnel registered with freezing cold injuries in 
the NAFHR.

The NAFHR is a Norwegian central health registry 
that contains data from NAF personnel, including con
scripts as well as civilian and military staff employed 
by the Armed Forces [9,18]. The types of personal data 
that can be processed are defined by sections 1–8 of 
the regulations concerning the collection and proces
sing of information in the NAFHR [20]. Pursuant to the 
regulations, the registry may contain personal infor
mation, administrative information, medical informa
tion and workplace information. The information in 
the Armed Forces Health Registry is drawn from NAF 
medical records and HR systems, as well as internal 
health surveys. The Ministry of Defense is the data 
controller, and the NAF-JMS is the data user. Medical 
and operational responsibility lies with the Institute of 
Military Medicine and Epidemiology (NAF-JMS), at 
Sessvollmoen garrison outside the capital Oslo.

Data from the health registry contribute increasingly 
to research seeking to identify health injuries during, or 
as a consequence of, military service [19,21,22]. Data 
regarding place of service were collected from the 
Armed Forces Personnel and National Service Center 
(FPVS).
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The inclusion criteria were to have sustained a FCI dur
ing service in the NAF during the given period, based 
on ICD codes.
Exclusion criteria included refusal to participate, inabil
ity to give informed consent and non-compliance 
soldiers.

Institutional review board and mandatory ethical 
approval was granted (REK 278429) before the database 
was accessed, identifying eligible patients for study. 
Written informed consent was obtained from all 
participants.

In earlier years, conscription in Norway was compul
sory for men 19 years of age and above. The annual 
number of conscripts in the study period varied 
between 7,156 and 10,322 yearly. From 2010, both 
men and women were subjected to conscript duty, 
but it was still compulsory only for men. On 
1 January 2016, ordinary conscript duty was made 
compulsory for both men and women born after 
1997. Conscript duty in the NAF usually lasts for 12  
months.

The proportion of women among the conscripted 
soldiers increased from 3.6% in 2004 to 35.8% in 2021. 
Because of the shift in gender proportion across the 
years of the survey, gender-specific incidence will be 
grouped into three periods: 2004–2010, 2011–2015 and 
2016–2020.

Less than 60% of the conscripts perform their 
service in the coldest areas in Norway. The antici
pated proportion of soldiers expected to be operat
ing under extreme high risk of FCI is, therefore, 
regarded to include one-third of the total number 
of conscripts.

A total of 2,387 soldiers in the NAFHR met the inclu
sion criteria. Three soldiers had died by the time of the 
survey, and 28 soldiers were excluded due to foreign 
citizenship. Furthermore, 120 soldiers reported that 
they did not have a history of FCI, 12 did not respond 
to the question regarding FCI and 9 soldiers were 
unwilling to participate. This left 2,215 soldiers were 
eligible for the study. Of these, 1,074 did not reply to 
the study invitation, leading to 1,141 soldiers (51.5% 

response rate) to constitute the basis for this study 
(Figure 1).

Measures
A questionnaire was developed to collect data on the 
soldier’s background: activities at the time of injury, 
description of the FCI, risk factors including equipment 
and weather, medical treatment received and if they 
experience sequelae from their FCI. The relevant con
tent of the questionnaire is displayed in Table 2.

The questions were validated through pilot testing 
among scientists in the field (n = 4), conscripts (n = 3), 
officers (n = 3) and medical doctors (n = 5). 
Additionally, questions from a previous frostbite 
study were used. The questionnaire also include 
other instruments such as the European Quality of 
Life Scale (EuroQol) with five dimensions of health 
status to quantify health-related quality of life (EQ- 
5D) [21] and Patient Subjective Symptom Score 
(PSSS) to describe the most important subjective 
symptoms following a primary frostbite; pain, hyper
sensitivity to cold, numbness of fingers and declined 
sensitivity of touch [11] (Table 2). The questionnaire 
consisted of multiple-choice questions leading to 
a higher number of answers than the total number 
of participants in some cases.

The questionnaire was distributed on 
1 December 2021 using the software Confirmit. 
Reminders were sent after 5 and 8 weeks. A third remin
der was published on NAF’s Instagram account and on 
NAF’s local internet site.

Data measurements and handling
Data collection at NAFHR was performed according to 
the regulations of the registry [19]. All military data 
within NAFHR are stored on a secure server, and the 
server-services are provided by the Cyber Defense 
Department of the NAF. Only approved study workers 
were given access to the database.

Study participants were given a study identifica
tion number to protect their identities when their 
data was extracted from NAFHR. The list that 

Table 1. Clinical criteria based on levels of frostbite (19).
Symptoms and findings Morphology/level

Superficial 
frostbite

Grade 1 Reddish skin, swelling, numbness, stinging discomfort (“frostnip”), white patches (“chilblains”) Partial intradermal 
frostbite

Grade 2 Pronounced hyperaemia, blisters filled with clear fluid, superficial erosions, severe pain 
(gradually reduced sense of pain)

Complete dermal 
frostbite

Deep 
frostbite

Grade 3 Blisters filled with bloody fluid, bluish-white discoloration of the skin, necrosis, significantly 
reduced sensation of pain

Injury down to the 
subcutaneous tissue

Grade 4 Deep red/bluish-black discolouration of the skin, skin is firm and immobile, full-thickness 
oedema, tissue necrosis, no sensation of pain

Injury to muscles and 
bone
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connects patient identity to their study identification 
number was kept and stored on a separate NAFHR- 
data server. The identification list was not, at any 
time, available to the researchers.

NAFHR distributed the questionnaire to the parti
cipating soldiers through a secure digital communica
tion (DigiPost) by FPVS. Responses were given on 
a digital form and NAFHR transferred data to 
a secure registry server. The researchers were not 
involved in the data coding and collecting process.

Data from the questionnaire was added to previous 
recorded health data within the NAFHR before the 
extraction of an anonymous dataset for statistical 
analysis.

Statistical analyses and study power calculation
With a margin of error of 5%, a confidence level of 
95% and a heterogeneity of 50%, we needed 
a minimum sample of n = 370 to represent the 
8,860 potential population of frostbitten soldiers for 
adequate study power [22]. Only injured soldiers 
seeking medical attention in the primary military 
healthcare are found in the registry. A previous 

survey [6] has revealed that only 25% of the injured 
soldiers were found in the registry, calculating the 
potential population of soldiers with an FCI to be 
2,215 × 4 = 8,860.

Descriptive statistics were carried out using cross- 
tabulation and frequency analyses. For between- 
group analyses, Pearson chi-square tests and Fisher 
exact tests were used for categorical variables while 
independent sample t-tests were used for continuous 
variables. The significance level was set at p < 0.05. 
The analyses were conducted using SPSS V.29.0 for 
Windows.

Results

Frostbite injuries

The participants were mainly men (72.8%) at a young 
age (mean 20.5 years) with a rather short period of 
military service (6 months or less, 65.5%), mainly con
scripts (80.5%).

More than half (55.3%) of all FCIs were reported 
from four garrisons in the coldest parts of northern 
Norway (Setermoen, Bardufoss, Høybuktmoen and 

Registered with cold weather injuries in the
NorwegianArmed Forces Health Registry

N=2387

Foreign citizenship
N=28

Did not suffer from cold weather injuries
N=120

Did not respond to the question regarding
cold weather injuries

N=12

Declined to participate
N=9

Did not respond to the study invitation
N=1074

Eligible for the study
N=2215

Included in the study
N=1141

Unable to respond due to death
N=3

Figure 1. Number of recipients and responders of the questionnaire.
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Skjold). Regarding severity of the injury, 44.3% 
reported a grade 1 FCI, 19.3% reported a grade 2 
and 6.5% reported a grade 3 FCI. One-third of the 
soldiers (29.9%) did not respond to the parameters 
needed to grade their FCI (Table 3). As the survey 
included personnel from all types of services in the 
NAF, the gender- and year-specific incidence only 
presents the incidence among conscripts.

The overall incidence in our data is 0.61% as dis
played in Table 4. Four out of five FCI soldiers were 
injured during their conscript duty (80.4%). Since the 
proportion of women among the conscripts varied 
greatly within the study periods, an incidence calcu
lation was performed on the selected periods strati
fied by gender for all the Norwegian conscripts. The 
overall incidence is 0.61 with higher incidence among 

women (1.02) compared to men (0.51) in all three 
periods of the study (Table 4).

1) The total number of injuries in Table 4 repre
sents the injured soldiers who have responded both 
to gender and year of injury

These numbers are only applicable for conscripts, 
but injuries happen in all personnel groups. According 
to this adjustment, the more reliable incidence among 
Norwegian conscripts is around 2.0%.

Risk factors associated with FCI

Most of the soldiers report sufficient knowledge to 
avoid (62.2%) and detect (63.3%) FCI. A majority of 
the injured soldiers used snuff (sniffing tobacco) 
(53.3%) and/or were smoking (22.4%) at the time of 

Table 2. Selected questions in the FCI questionnaire for this study.
Question Possible responses

Did you ever have frostbite during your service in the military 
in the period 2004–2021?

Yes, No, I don’t know

When did you have frostbite? I don’t remember, Year listed 2004–2021
Can you specify more closely when you had the frostbite 

injury?
I don’t remember, Months listed

In what part of the country did the frostbite occur? I don’t remember. Describe in free text
Did you have blisters in one of the frostbitten areas? Yes, I had blisters, No, I didn’t have blisters, I don’t know whether I had blisters.
What colour did the blisters have? Light, Dark, Both, I don’t remember
Can you remember whether you – at the time of injury – had 

symptoms other than blisters?
Pain, tingling, numbness, loss of sensitivity, bluish skin colour, whitish skin colour, 

reddish skin colour, muscle weakness, impaired fine motor skills, I don’t remember
Did you suffer any other physical injuries simultaneously with 

the frostbite (e.g. fall/cut)?
Yes, No, I don’t know

Can you describe the location of the frostbite injury/injuries on 
your body?

Fingers/hands, toes/feet, face/ears/cheeks, other location (describe)

What type of activity were you engaged in when you were 
frostbitten?

Winter exercise, field exercise, skill acquisition, shooting range duty, physical training, 
guard and other operative duty, basic soldiers training, other, I don’t remember.

What type of military service were you in when you were 
frostbitten?

National service(conscript), military training, NCO/Officer, Other (describe), I don’t 
remember

For how long had you served when you were frostbitten? <3 months, 3–6 months, >6 months, I don’t remember.
In what setting was your injury discovered? In the field during an exercise, in the field during training, in camp, I don’t remember
Who discovered your frostbite injury? You yourself, your battle buddy, your NCO, a civilian healthcare worker, a military 

healthcare worker, I don’t remember
Was the frostbite first diagnosed as a different condition (e.g. 

friction blister)?
Yes (describe), No, I don’t remember

Have you had any long-term effects of the frostbite? No symptoms/problems related to the frostbite, Minor health problems not affecting my 
daily life, Health problems that affect me at work/spear time, I have a disability that 
prevent me from working full time, I was forced to retrain/change my job as a result 
of the frostbite injury.

Do you currently have pain in the area/areas affected by 
frostbite?

Yes considerable pain, yes minor/moderate pain, No, I don’t know.

Do you currently have increased sensitivity to touch in the 
area/areas affected by frostbite?

Yes, No, I don’t know

Do you currently have increased sensitivity to cold in the area/ 
areas affected by frostbite?

Yes, No, I don’t know

Do you currently have any tingling/prickling sensations 
(paraesthesia) in the area/areas affected by frostbite?

Yes, No, I don’t know

How would you assess your general state of health today? Very good, good, moderate, poor
Did you ever have frostbite BEFORE you started serving in the 

military?
Yes (describe), No, I don’t know

Do you smoke? I have never smoked, I used to smoke but I don’t any longer, I smoke occasionally, 
I smoke daily

Did you smoke back when you had the frostbite injury in the 
military?

Yes, No, I don’t know

Do you use snuff? I have never used snuff, I used snuff in the past, but not now, I use snuff occasionally, 
I use snuff daily

Were you using snus back when you had the frostbite injury in 
the military?

Yes, No, I don’t know
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the FCI. Only a minority report to have ever had 
reported a previous FCI as a potential risk factor 

(3.1%). A total of 898 soldiers (93.6%) used the regular 
layer-based clothing provided by the NAF. Only 5.1% 

Table 3. Basic characteristics of the participants.
Total Women Men

% n = 1141 % n = 310 % n = 831 p-value

Sex
Men 72.8 831
Women 27.2 310
Frostbites incidents 0.211
Once 86.0 981 83.9 260 86.8 721
More than once 14.0 160 16.1 50 13.2 110
Age at frostbite, years 0.257
≤20 85.4 790 87.3 220 84.7 570
21–25 12.1 112 9.5 24 13.1 88
26 or older 2.5 23 3.2 8 2.2 15
Mean age (SD) 20.56 (2.394) 20.63 (2.752) 20.53 (2.248) 0.756**
Service time at the time of injury 0.654
Less than 3 months 34.4 267 32.1 68 35.3 199
More than 6 months 32.1 249 31.1 66 32.4 183
3–6 months 31.1 241 34.4 73 29.8 168
Do not remember 2.4 19 2.4 5 2.4 14
Type of service at injury 0.536
National service 80.5 777 82.2 212 79.9 565
Officer candidate school 11.8 114 12.0 31 11.7 83
Commander/officer 4.5 43 3.9 10 4.7 33
Other service 3.2 33 1.9 5 3.7 28
Place, end of service <0.001
Setermoen 16.3 186 17.4 54 15.9 132
Bardufoss 13.9 159 19.7 61 11.8 98
Høybuktmoen 13.0 149 5.5 17 15.9 132
Skjold 12.1 327 7.1 22 16.2 135
Oslo 10.5 120 8.4 26 11.3 94
Rena 3.7 42 2.6 8 4.1 34
Annet 30.5 348.01 39.3 122 24.8 206
Time since injury <0.001
0–3 years 29.8 276 48.0 121 23.0 155
4–7 years 26.1 241 30.6 77 24.4 164
8–11 years 23.2 215 14.3 36 26.6 179
>11 years 20.9 193 7.1 18 26.0 175
Mean number of years (SD) 7.02 (4.814) 4.77 (4.057) 7.86 (4.807) <0.001**
Age at frostbite
Mean age at frostbite (SD) 20.62 (2.527) 20.53 (2.319) 20.78 (3.073) 0.438**
Grade of frostbite 0.130
Grade 1 44.3 506 68.4 147 61.4 359
Grade 2 19.3 220 22.3 48 29.4 172
Grade 3 6.5 74 9.3 20 9.2 54
Unable to establish grade 29.9 341

Note: ** Independent sample T-test, otherwise Pearson chi-square test. 

Table 4. Gender and year-specific incidence of FCI among Norwegian conscripts.

Total FCI No FCI

Years % n % n % n p-value

2004–2021 Total 157334 0.6 925 99.4 156409
Women 15.7 24779 1.0 252 99.0 24527 <0.001
Men 84.3 132555 0.5 673 99.5 131882

2004–2010 Total 63821 0.4 254 99.6 63537
Women 5.9 3767 0.8 29 99.2 3738 <0.001
Men 94.1 60054 0.4 225 99.6 59799

2011–2015 Total 41113 0.7 276 99.3 40837
Women 13.4 5508 1.1 58 98.9 5450 <0.001
Men 86.6 35605 0.6 218 99.4 35387

2016–2021 Total 52400 0.8 395 99.2 52005
Women 29.6 15504 1.1 165 98.9 15339 <0.001
Men 70.4 36896 0.6 230 99.4 36666
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used civilian clothing or a combination of both. There 
was no association between the type of clothing and 
the degree of FCI (p = 0.811).

Among other risk factors, the soldiers most often 
report too little sleep (16.8%), too little rest (16.3%), 
wet clothing (15.9%), too little nutrition (13.1%) and 
excessive physical work activity (9.9%), however, 
with no associations between these factors and the 
degree of FCI (p > 0.222) (Table 5).

The soldiers were also asked about their self- 
perceived reasons for the FCI. Extreme weather con
ditions were the most important factor (62.5%), fol
lowed by commanders’ misjudgement (38.6%), their 
own misjudgement (23.7%) and wrong use of cloth
ing (22.3%). Commanders’ misjudgement and com
manders' lack of knowledge and training were 
positively associated with the most severe grade of 
FCI’s (p < 0.005, Table 5).

Clinical associations with frostbite severity

Most of the soldiers had injured their hands (49.7%) or 
feet (41.2%). FCI to hands led most frequently to 
a grade 2 FCI (61.4%), while the feet were most fre
quently reported with a grade 3 FCI (52.7%) (Table 6). 
A total of 13.9% of the soldiers were not diagnosed 
correctly when they first visited the medical personnel 
in the NAF. Most of the soldiers (84.8%) were back on 
duty in less than 2 weeks after the FCI.

Only a minority of the injured soldiers (15.1%) 
received medical treatment for their FCI. Those few 
who did were most often treated in a primary mili
tary health care (6.6%) while 3.2% were treated in 
a hospital and 2.7% were treated by their civil gen
eral practitioner. Medication was mainly given for 
pain/inflammation and anticoagulation, most often 
for the most serious FCIs. The majority (72.2%) 
reported sequelae from their FCI. The most 

Table 5. Factors associated with the frostbite severity.
Total Grade 1 Grade 2 Grade 3

% n = 1141** % n = 506 % n = 220 % n = 74 p-value

Risk factors (multiple choice)*
Use of snuff (tobacco) at the time of injury 53.3 269 57.7 131 52.1 61 48.0 24 0.360
Smoking at the time of injury 22.4 46 21.5 20 26.0 13 33.3 5 0.506^
Raynaud's phenomenon 7.8 75 9.5 44 6.7 14 13.0 9 0.233
Previous frostbite injury 3.1 30 3.4 17 1.8 4 4.1 3 0.378^
Risk, place of service 0.163
High risk garrison 68.7 529 66.9 326 75.1 160 61.4 43
Medium risk garrison 17.4 134 18.5 90 13.6 29 21.4 15
Low risk garrison 13.9 107 14.6 71 11.3 24 17.1 12
Knowledge about FCI (multiple choice)*
Knowledge of detection FCI 63.3 608 64.7 322 65.5 144 63.0 46 0.559
Knowledge of how to avoid FCI 62.2 597 62.9 322 62.1 110 64.7 66 0.559
Protective Clothing 0.811^
Armed Forces clothing according to education 87.2 837 87.6 436 86.8 191 84.9 62
Armed Forces clothing not according to education 6.4 61 5.6 28 7.3 16 6.8 5
Civilian clothing (personal clothing) 1.6 15 1.6 8 1.4 3 2.7 2
A mix of personal clothing and military clothing 3.5 34 2.7 6 5.5 4 0.0 0
Can not remember 1.4 13 1.2 6 1.8 4 0.0 0
Other risk factors (multiple choice)*
Too little sleep 16.8 161 16.7 83 17.7 39 17.8 13 0.927
Too little rest 16.3 156 17.7 88 15.5 34 15.1 11 0.701
Wet clothing 15.9 153 15.7 78 13.6 30 11.0 8 0.501
Too little nutrition 13.1 126 12.2 61 13.6 30 15.1 11 0.741
Too hard physical activity 9.9 95 10.4 52 9.5 21 8.2 6 0.812
No particular reason 31.5 302 33.1 165 30.5 67 23.3 17 0.222
Self-perceived reasons for frostbite injury (multiple choice)*
Extreme weather conditions 62.5 692 60.8 303 60.9 134 56.0 41 0.736
Commander misjudgement 38.6 427 33.3 166 35.5 78 54.8 40 0.002
My own misjudgement 23.7 262 22.7 133 30.9 68 27.4 20 0.061
Incorrect use of equipment 22.3 247 25.1 125 24.1 53 19.2 14 0.543
Commanders lack of knowledge/training 22.0 244 19.1 95 18.2 40 32.9 24 0.016
Equipment failure 21.1 234 20.3 101 18.2 40 17.8 13 0.752
My own lack of knowledge/training 15.4 170 14.3 71 13.6 30 17.8 13 0.670
Tobacco use 2.6 29 2.4 12 3.2 7 2.7 2 0.914^
Own illness 0.5 6 0.6 3 0.5 1 0.0 0 1.000^
Other reasons 27.2 301 25.9 129 29.1 64 30.1 27 0.566

Note: *Due to multiple choices, the percentage of responses might exceed 100%; ** Due to n = 341 cases without grade classification (Table 1), this number 
exceeds the total number presented in the grade distribution; ^Fisher exact test, otherwise Pearson chi-square test. 
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frequently reported long-term effects of FCI were 
cold hypersensitivity (66.4%) followed by pain 
(34.5%) and paraesthesia (24.1%). Nevertheless, 
most of the soldiers (97.0%) stated that their health 
status at the time of the survey was good (Table 6).

Discussion

A number of FCI in the NAFHR were most frequently 
reported among young, less experienced soldiers dur
ing their conscript duty. Hands and feet were most 
often injured, and only a minority have received med
ical treatment for their FCI. The majority of the injured 
soldiers had sequelae from their FCI.

Epidemiology

This survey is descriptive in nature and does not pri
marily focus on the occurrence of FCI, complicating 
incidence calculations. The overall incidence in our 
data corresponds to the annual incidences reported in 
other studies [7,23,24], although the true incidence may 

be as high as 8% given that previous studies have 
indicated significant under-reporting as only 25% of 
the frostbitten conscripts report their injuries to the 
medical doctor. Some soldiers are unaware of their 
injuries, especially if they are not severe and 
debilitating.

Sullivan-Kwantes et al. found a doubling in the 
incidence of CWI in a group of Canadian soldiers 
who were individually examined by a physician com
pared to self-reported rates of injury [25]. It is known 
that commanders do not want to report injuries as 
this may be constructed to be a reflection of poor 
leadership and training of the soldiers. Some soldiers 
do not want to get their FCI registered due to their 
wish to continue their military service and to get their 
promotion. Thus, we can conclude that most military 
studies relying on soldier, unit and medical reporting 
are underestimates of the true rates of CWI.

However, the anticipated proportion of conscripts 
operating under freezing weather conditions is 
regarded to be only one-third of the total number 
of conscripts. Our numbers are therefore not the true 

Table 6. Clinical associations with frostbite severity.
Total* Grade 1 Grade 2 Grade 3

% n = 1141* % n = 506 % n = 220 % n = 74 p-value

Blisters
No blisters 63.3 506 100 506 0.0 0 0.0 0 <0.001
Bright blisters 27.5 220 0.0 0 100 220 0.0 0 <0.001
Dark blisters 3.5 28 0.0 0 0.0 0 100 28 <0.001
Both light and dark blisters 5.75 46 0.0 0 0.0 0 100 46 <0.001
Frostbite site (multiple choice)
Hands 49.7 481 45.5 229 61.4 135 37.8 28 <0.001
Feet 41.2 399 42.9 216 30.0 66 52.7 39 <0.001
Face 17.7 171 21.1 106 14.5 32 16.2 12 0.099
Other sites 3.2 31 4.4 22 1.8 4 0.0 0 0.056^
Frostbite treatment <0.001
Yes 10.4 119 6.7 32 15.4 33 29.9 20
No 81.6 931 93.3 447 84.6 181 70.1 47
Frostbite treatment level (multiple choice)
In the army 6.6 75 56.3 18 75.8 25 60.0 12 0.228
Local/central hospital 3.2 36 18.8 6 27.3 9 55.0 11 0.019
GP office 2.0 23 21.9 7 18.2 6 20.0 4 0.942^
Emergency room 0.7 8 0.0 0 9.1 3 20.0 4 0.025^
Complementary and alternative medicine provider 0.7 8 6.3 2 6.1 2 0.0 0 0.667^
Other 1.7 19 18.8 6 21.2 7 20.0 4 1.000^
Type of treatment (multiple choice)
Painkiller tablets 5.4 62 50.0 16 63.6 21 70.0 14 0.309
Blood thinner tablets 1.5 17 12.5 4 12.1 4 30.0 6 0.203^
Injections 1.4 16 6.3 2 6.1 2 15.0 3 0.526^
Complementary and alternative medicine 1.0 11 12.5 4 9.1 3 0.0 0 0.259^
Surgical 0.4 5 0.0 0 0.0 0 20.0 4 0.003^
Other 5.4 62 59.4 19 66.7 22 25.0 5 0.010
Type of sequela after injury (multiple choice)
Cold hypersensitivity 66.4 758 94.8 313 95.4 146 94.7 54 0.932^
Pain 34.5 277 33.6 111 32.0 49 38.6 22 0.236^
Parasthesia 24.1 275 27.0 89 35.3 54 43.9 25 0.006^
Hypersensitivity to touch 13.6 155 16.7 55 22.2 34 31.6 18 0.086
General health situation (at time of the survey) 0.219^
Very good 63.1 702 65.8 329 66.8 147 60.3 44
Good 33.9 377 32.4 162 30.0 66 37.0 27
Not quite good 2.5 29 1.8 9 3.2 7 1.4 1
Bad 0.4 4 0.0 0 0.0 0 1.4 1

Note: *Due to cases not classified with grade, this number might differ from the total number presented in the grade distribution; ^ Fisher exact test, 
otherwise Pearson chi-square test. 
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population under risk, as a substantial part of the 
soldiers do all their conscript duty in regions where 
they do not encounter freezing temperatures. 
According to the adjusted (1/3) of conscripts under 
specific risk for freezing weather conditions, the more 
reliable incidence among Norwegian conscripts may 
be 2.0% in line with previous research [6,23] and 
found in comparable studies [24,26].

There is an overall higher incidence of FCI rate 
among women (1.02%) versus men (0.51%) through
out the whole period 2004–2020, although the major
ity of soldiers suffering from FCI are men (71%) due 
to more men than women in the army.

The overall incidence of FCI is highest in garrisons 
having the largest groups of personnel serving in the 
coldest parts of northern Norway. The variation in 
incidence according to the local climate is in accor
dance with a previous study [6]. The Norwegian win
ter climate in the inland areas and in the far north 
reach −30 to −40°C in the winter, with −51.2°C 
recorded as the lowest measured temperature. To 
some extent, the rate of FCI is expected, due to the 
harsh weather condition in these areas, which is held 
to be the most frequent (62.5%) self-perceived reason 
for FCI.

Extreme weather conditions are probably one of the 
most important risk factors for FCI, and we expected 
that the rates of FCI would be high in the high north. 
However, our results show a tendency that FCI reported 
at the low-risk garrisons tends to be more severe, 
although at a non-significant level. This apparent differ
ence might be due to less awareness and lower vigi
lance about FCI in these areas in comparison to the 
north where education and awareness about FCI has 
a high priority.

Decisions about which FCI-related ICD codes to 
include in the study are challenging due to a potential 
misclassification by the treating physician when the FCI 
occurred. The inclusion of soldiers in an FCI dataset 
with the diagnostic codes T68 (hypothermia) and T69 
(other condition caused by reduced temperature) might 
also be questioned. To ensure that only soldiers with an 
FCI were participating in the study, the soldiers were 
asked whether they had suffered from an FCI while 
serving in the NAF. All participants replying no to this 
question were excluded from the study.

The risk of recall and information bias must be taken 
into account when interpreting the results from this 
study. The self-assessment of FCI by the conscripts for 
the study is a major concern to the validity of such data. 
The reliance on this self-assessment might be 
a challenge since only 63% reported they would be 
able to recognise FCI.

The authors are aware of the threat to the reliability 
of the data since 120 soldiers (5% of the cohort) on the 
NAFHR who recorded as having sustained an FCI 
reported that they had not. On the other hand, a 5% 
misclassification could also be expected due to inaccu
racy in the diagnostic work among young military doc
tors, particularly if the diagnosis is worked out while 
being under manoeuvre out in a tent in the dark arctic 
winter night conditions. Bearing in mind all the factors 
that might complicate the initial diagnose, a 5% level of 
incorrect diagnosis still permits reasonable estimates 
from the NAFHR.

As some participants were treated in more than one 
place and received more than one treatment, the total 
number of treatments and treatment levels may influ
ence (overestimate) the number of participants receiv
ing frostbite treatment.

Risk factors associated with FCI
Regarding risk-factors in general, most of the soldiers 
stated that they were aware of the important FCI 
threats, and they also knew how to avoid FCI. The 
soldiers are educated in cold weather injuries and espe
cially FCIs. Having received this instruction, we 
expected the soldiers who say that they were aware 
of FCI threats to effectively avoid injury; however, there 
is clearly a difference between knowledge and the 
actions that come from training experience.

Their young age and lack of outdoor experience, 
combined with an eagerness to perform as conscripts/ 
soldiers may be part of the explanation of why they 
experienced FCI despite this awareness. As most of the 
injuries are registered during national service, it natu
rally involves people of young age. The reasons for this 
group to get injured are multifactorial, but less training 
and experience with cold weather are highly relevant 
for this group.

On the other hand, the reporting of extreme weather 
conditions as being the most important risk factor indi
cates that it might be challenging to totally avoid FCI in 
military training.

Nicotine, disturbance of peripheral circulation 
(Raynaud) or previous FCI might lead to peripheral 
vasoconstriction [27], which might be a risk factor for 
FCI. In addition to the vasoconstriction, there might also 
be a risk of FCI to the fingers when smoking or prepar
ing tobacco in very cold conditions. However, these 
factors were not associated with the severity of FCI. 
This conclusion must be drawn with caution due to 
small numbers failing to present the differences found 
in a statistically significant manner.

As vaping only has existed for a short time and 
e-cigarettes with nicotine are forbidden in Norway, 
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this was not applicable to ask about in this study [28]. 
Smoking has also been forbidden in public areas in 
Norway since 2004, and since then, this is a less com
mon source of nicotine. Snuff, on the other hand, is 
widely used in Norway and among military personnel, 
and highly relevant in FCI injuries. Nicotine per se has 
a vasoconstrictive effect; however, the casualties 
between FCI and Nicotine use have not been 
documented.

Most Norwegian soldiers use the Armed Forces 
layer-based clothing that is in line with the principles 
of cold weather clothing protection [29,30]. However, 
the data in this study do not describe the specifics of 
hand and foot protection, which are more pertinent 
and, if isolation is poor, could lead to FCI [31]. To draw 
conclusions regarding clothing, further investigations 
are needed.

Clothing, alongside rest, sleep, nutrition and level of 
physical activity were not found to relate to the severity 
or degree of injury in this study. However, previous 
studies have explored possible associations between 
these factors and incidence rather than the severity. 
This makes it challenging to compare the findings of 
this study with existing evidence [24,32,33], and con
clusions cannot be drawn.

The soldiers admit that their own misjudgements 
could be a reason for FCI although they hold comman
der’s lack of knowledge, training and misjudgement as 
significant risk factors for FCIs. However, any conclusion 
regarding the commander’s military performance must 
be drawn with extensive caution due to potential bias 
from the injured soldier.

Clinical associations with frostbite
In accordance with previous studies, hands and feet 
were most prone to FCI in the present study [34]. 
These sites are also more frequently reported among 
the more serious grade 2 and 3 FCI; thus, hands and 
feet should be the focus in FCI prevention.

It is difficult to predict the outcome of frostbite 
[6,8,12,35,36]. It is also a medical challenge that only 
15.1% of the soldiers with FCI received medical treat
ment for their injuries. As one could expect, a higher 
proportion among the most injured soldiers seek med
ical attention. This could in part be explained by the 
fact that no evidence-based treatment is available, and 
the most injured patients are more likely to be offered 
off-label or experimental treatment in the hospitals 
[8,12,37].

It is a concern, from the medical point of view, that 
most of the soldiers with FCI suffer from late effects that 
might last for the rest of their life. The group of injured 
personnel is mainly young (20 years), and the injury 

might have an impact on their ability to continue ser
vice and may lead to limitations in their life also outside 
the army, both personally and professionally.

Sequelae from FCI seem to be equally distributed 
among the different grades of FCI. This indicates that 
frostbite is initially perceived as mild, and may also 
result in chronic health ailments in correspondence 
with previous studies. Cold hypersensitivity might be 
regarded as a minor complaint, although our clinical 
experience indicates that this can lead to discomfort 
and cause disability. Despite this, most of the soldiers 
define their general health as very good. This may 
indicate that the symptoms they experience do not 
have a large impact on their daily life and work 
ability or that they perceive the complaints as the 
price to pay for their performance as a soldier.

The clinical data in this study might be challenged. 
Medical records are for clinical use rather than for 
research purposes and are imported directly into the 
NAFHR. The nature of these clinical data might not be 
optimal for science as they are mostly used to track 
events in treatment and follow-up of patients. As 
these clinical raw data are directly imported to the 
NAFHR and made available for this study, the regis
tered data are dependent on the accuracy of the 
doctors. We acknowledge the challenge for doctors 
in distinguishing between FCI and other conditions 
such as chilblains, transient neuropraxia and blisters 
due to chafing that commonly occur in military per
sonnel during cold weather exercises. The authors are 
therefore concerned about whether all diagnoses 
have been set correctly. Work needs to be done on 
the NAFHR to improve the reliability of data entry for 
future studies.

Strengths and limitations

The main limitation of this study is the fact that the 
selection for this survey might be biased as 25% of 
frostbitten soldiers do not report their FCI and are 
therefore not available for this study [6]. This could 
have led to an under-reporting of mild FCIs, leading 
to a larger proportion of severe FCI in the sample, 
compared to the population of freezing cold injured 
soldiers. Some of the soldiers might also have been 
misclassified or enlisted with a wrong diagnosis or con
dition due to challenges in classification of FCI [5]. This 
misclassification is, however, expected to be limited as 
all participants had to confirm an FCI to be included in 
the study.

In our experience, diagnostic code T68/T69 has been 
misused for personnel with actual FCI; therefore, injuries 
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coded as T68 and T69 were added to the inclusion criteria. 
This may have led to an overestimation of FCIs.

Another limitation of this study is the response rate of 
52% which means that we, in combination with the 75% 
who did not report their FCI to the registry, only have 
a sample representing 13% of the target population. 
A power calculation revealed, however, that we have 
sufficient power in the study as we needed a sample of 
370 to represent the target population of 8,860 for suffi
cient power. We, on the other hand, cannot rule out the 
possibility that there is an overrepresentation of soldiers 
suffering from late effects of their FCI eager to share their 
experience with the researchers.

There is a risk of information bias in this study. While 
self-reported data can be a useful tool for researchers, 
there are some limitations to consider. Participants may 
be inclined to present themselves in a favourable light, 
which can lead to inaccuracies in self-reported data. They 
may provide responses that are socially acceptable or 
what they think the researcher wants to hear, rather than 
the truth. This is, on the other hand, limited by the fact 
that the data were collected anonymously and without 
the researcher present while filling in the questionnaire. 
There is also a risk of recall bias where participants may 
not remember or may misremember certain details 
about their attitudes, behaviours, or experiences. This 
can lead to inaccurate or incomplete data.

Self-reported data may be limited to the questions that 
are asked in the survey or questionnaire. It may not capture 
important nuances or factors that are relevant to the 
research question. Participants may also have misinter
preted the questions or provided ambiguous responses, 
which can lead to misunderstandings or inaccuracies in 
the data. Overall, while self-reported data can provide valu
able insights into attitudes, behaviours and experiences, 
researchers should be aware of its limitations and consider 
supplementing it with other sources of data whenever 
possible [38].

The validity and reliability of the questionnaire study 
design need specific attention. There will always be 
a potential to improve the coding, layout and content. 
In this study, we used the research group’s experience 
and the expertise in the NAF when developing the ques
tionnaire. The pilot testing of the questionnaire increased 
the content validity of the study [6,8]. Additionally, the 
template for this study is based on a validated study used 
among military personnel [6]. This study also profits from 
the experience in questionnaire surveys at NAFHR.

Future research

The data in this study may be criticised due to the 
potential biases as already outlined in the discussion. 

For future research, it is important to improve the 
clinician’s assessment as the accuracy of the FCI diag
nosis is challenged by the rather unreliable clinical signs 
[39]. The grading of the FCI should be done in relation 
to the onset of the FCI to get more reliable data. 
Information bias should be reduced, and the inaccuracy 
of the respondent’s subjective assessment of an FCI 
should be avoided.

However, the data in this study bring forward useful 
information in a field where most studies suffer from 
flaws in the current data collection system. The present 
study is therefore the most needed source of knowl
edge on the way to develop a reliable registry that 
could offer the international community more valid 
data on FCI in the future.

Conclusion

This descriptive study adds to the existing knowledge 
of risk-factors leading to FCI by taking the injured 
soldiers’ perspective. This further strengthens the 
understanding that it is difficult to completely avoid 
FCI in military training, as the injuries are associated 
with the very nature of the military training, namely, 
extreme weather conditions. The high number of sol
diers reporting late effects from FCI, and the lack of 
evidence-based FCI therapies is a major concern from 
the medical point of view. More targeted education to 
the soldiers and the commanding officers might 
improve role-modelling among the youngest military 
leaders.
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