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A B S T R A C T   

Background: Despite the advancements made in the management of the physical complications of open lower- 
limb fractures, few studies have been performed which investigate the association of such injuries with affec
tive disorders. The complications resulting from this injury may result in significant psychological distress. 
Aim: To evaluate the risk factors associated with the development of affective disorders, in patients with open 
lower-limb fractures. 
Methods: A systematic review protocol was registered with PROSPERO and reported in accordance with the 
Preferred Reporting for Items for Systematic Reviews and Meta-Analyses. A comprehensive literature search was 
performed to gather relevant papers. Two independent reviewers screened titles and abstracts according to the 
inclusion and exclusion criteria. 
Results: 2488 were screened according to the inclusion and exclusion criteria resulting in seven articles eligible 
for inclusion. Of the seven articles, two assessed for PTSD, one assessed for depression and PTSD concurrently, 
two assessed for anxiety and depression concurrently, and two assessed for psychological distress. With the 
exception of two studies, open lower limb fracture patients were included with other lower-limb injuries in their 
analysis. Furthermore, not all variables were available in all included studies. Risk factors identified included 
post-operative pain, mechanism and severity of injury, age of patient, social support and social deprivation. 
Conclusions: Further studies are required within this area. However, addressing risk factors such as pain man
agement, poor social support and inappropriate coping mechanisms, may reduce the incidence of affective 
disorders by equipping patients with necessary psychosocial resources.   

1. Introduction 

Open lower-limb fractures are difficult injuries to treat, particularly 
in the presence of neurovascular damage and extensive soft-tissue loss 
[1,2]. The incidence rate of open long bone fractures is 11.5 per 100,000 
person-years, of which the majority are open fractures of the tibia, with 
an estimated annual incidence of 3.4 per 100,00 [3,4]. Furthermore, 
these injuries most frequently occur in young adult males and elderly 
females. Previous studies estimate that roughly 50% of cases presenting 
are secondary to road traffic accidents or falls from a great height [3–5]. 
However, despite an improved understanding of managing the physical 
complications of open lower-limb fractures, few studies investigate the 
association of such injuries with subsequent affective disorders, such as 
anxiety, depression, and post-traumatic stress disorder (PTSD). These 

psychological disorders are known to correlate with disability following 
injury [6,7]. 

Psychological distress is a known complication following traumatic 
injury. A prospective analysis performed in 2010 demonstrated that the 
incidence of PTSD following severe lower-limb trauma was approxi
mately 30% of their patient cohort [8]. A further study demonstrated 
similar results, with approximately a third of severely injured adults 
screening positive for a possible psychological disorder up to 2 years 
post-injury [9]. Additionally, patients who developed PTSD following 
trauma were found to have additional depressive symptoms within days 
of the injury [10]. 

This study aims to evaluate the risk factors associated with the 
development of affective disorders, in patients with open lower-limb 
fractures. 
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2. Methods 

2.1. Search strategy and selection criteria 

A systematic review protocol was registered with PROSPERO 
(CRD42021284854). This review is reported in accordance with the 
Preferred Reporting for Items for Systematic Reviews and Meta-Analyses 
(PRISMA) [11]. Comprehensive electronic search strategies were 
developed for each database using a combination of relevant keywords 
and index headings. A total of five bibliographic databases were 
searched (EMbase, MEDLINE, PsycInfo, CINAHL Plus and Cochrane 
Central Register of Controlled Trials). The search strategy was modified 
so that the index headings relevant to each specific database were 
selected. The search strategy was peer-reviewed by an information 
specialist. Forward and backward citation searches were conducted on 
articles identified as eligible for full text review. Full search strategies 
and results are contained in Supplement 1. 

Duplicate papers were identified and removed in Endnote 20 before 
being uploaded to Rayyan for screening. Two independent reviewers 
screened titles and abstracts according to the inclusion and exclusion 
criteria (Table 1). The remaining articles were downloaded in full-text 
format and re-screened. Discussion with a senior author to achieve 
consensus resolved any conflicts between the two reviewers. 

2.2. Data extraction 

The following information was extracted from full-text articles onto a 
customised Microsoft Excel spreadsheet: 1) Study characteristics, 
including author, year of publication, sample size, country, study design, 
study timeframe, and the assessment tools used; 2) Patient de
mographics; 3) Injury characteristics; and 4) Outcome data, including 
the prevalence and severity of affective disorders. 

2.3. Synthesis 

A meta-analysis was not considered for this review because of the 
wide variability of studies in relation to research design, study popula
tion, and affective disorders. However, a narrative synthesis was per
formed to synthesise the findings of the different studies. The results of 
the studies were discussed and structured into themes, depending on the 
identified risk factors of affective disorders. These risk factors formed 
the framework for our narrative synthesis. All articles that were included 
in this review were published before. The quality and risk of bias of the 
studies eligible for inclusion were evaluated using the Newcastle-Ottawa 
Scale (NOS) [12]. Studies with NOS scores 0–3, 4–6 and 7–8 were 
considered as low, moderate and high quality, respectively. 

The methodological quality of this systematic review was evaluated 
by our team by utilising A Measurement Tool to Assess Systematic Re
views 2 (AMSTAR-2) [13]. This tool is comprised of 16 items, with 7 
critical items, and 9 non-critical items. For non-critical items, we 
assigned 1 point for ’Yes’, 0.5 for ‘Partial Yes’, and 0 for ‘No’. For critical 
items, the score was double. The total AMSTAR-2 score was 23 points 
[14,15]. This study was registered with the Research Registry, unique 
identifying number: reviewregistry1393 [16]. 

3. Results 

2394 published articles were identified following a comprehensive 
literature search. An additional 94 articles were added from citation 
searches. These articles were filtered for relevance and duplication, 
resulting in 85 articles. A full-text assessment was then performed, 
which reduced the number of articles to five. Further articles were 
identified through searching bibliographies, resulting in seven articles 
eligible for inclusion in this systematic narrative synthesis [8,9,17–21]. 
With regards to quality of evidence, all of the studies which were eligible 
for inclusion were considered to be of moderate quality. The AMSTAR-2 
score for this systematic review was 11.5 points. Table 2 summarises the 
studies included in this study, and their NOS total scores. The PRISMA 
flow diagram is summarised in Fig. 1. . 

3.1. Pain and psychological wellbeing implications on physical function 

Wegener et al. demonstrated higher levels of psychological distress 
in comparison to population norms in their patient cohort (P < 0.05 to 
0.01) [22]. They also reported that negative affect played an important 
role in determining physical function. Decreased levels of function were 
exhibited at 6-, 12- and 24-month time points in patients with negative 
emotions. Their study also demonstrated that higher pain levels resulted 
in lower levels of functioning at the 6- and 12-month time points 
although not at the 24-month time point. Their team concluded that 
negative affect mediated the impact of pain on physical function. They 
theorised that pain influenced function through the negative affect 
which accompanies it. This reduced the relationship between pain and 
function over time, and as the recovery process proceeded, physical 
function became mostly influenced by negative emotions, thus 
explaining why pain primarily impacted function early on in recovery. 
Table 3 demonstrates negative affect outcomes in this patient cohort. 

3.2. Mechanism and severity of injury, and psychological wellbeing 

Messner et al. investigated the incidence of psychological trauma in a 
cohort of 32 patients with open lower-limb fractures [19]. Scores for 

Table 1 
Inclusion & exclusion criteria of study.  

Inclusion criteria Exclusion criteria 

Primary research paper investigating 
salvageable open lower limb fractures 
and anxiety/depression/PTSD 

Systematic/narrative reviews, case 
reports, book chapters, abstracts, 
comments or notes 

Any scoring system for anxiety/ 
depression/PTSD 

Animal studies 

English language studies only Non-English language papers  
Studies unrelated to open lower limb 
fractures and anxiety/depression/PTSD  

Table 2 
Summary of studies included within systematic narrative synthesis, and their 
Newcastle-Ottawa Scale (NOS) total score.  

Study 
reference 

Screening tool Outcome measured NOS 

J. Messner 
2020 

Child Revised Impact of 
Events Scale 

PTSD 5 

W. Bhat 
2014 

The Posttraumatic Stress 
Disorder 
Checklist Scale 

PTSD 6 

C. Doukas 
2013 

The Revised Center for 
Epidemiologic Studies 
Depression Scale 
The military version of 
the PTSD Checklist 

Depression 
PTSD 

5 

A.Karladani 
2001 

Beck Depression 
Inventory 
The State-Trait Anxiety 
Inventory 

Depression 
Anxiety 

6 

P. Ladlow 
2016 

General Anxiety Disorder 
7-item scale 
Patient Health 
Questionnaire 

Anxiety 
Depression 

5 

S. Wegener 
2011 

Brief Symptom Inventory Assesses the psychological 
symptom status (obsessive 
compulsive, anxiety, 
depression) 

5 

McCarthy 
2003 

Brief Symptom Inventory Assesses the psychological 
symptom status (obsessive 
compulsive, anxiety, 
depression) 

5  
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psychological assessment were only available for 21 patients at their 
most recent follow-up, of which 8 patients were at high risk of experi
encing symptoms of PTSD [23]. No association was identified between 
the severity of the injury and worse scores on psychological assessment. 
McCarthy et al. similarly found that injury severity was not found to be 
associated with psychological distress following musculoskeletal injury. 
Table 4 summarises the factors that were found to be associated with 
screening positive for a likely psychological disorder in the longitudinal, 
multivariate logistic regression analysis. 

Bhat et al. utilised the Posttraumatic Stress Disorder Checklist Scale 
(PCL-S). A score of 30 or above is considered to be PTSD positive. 

Nineteen patients rated their PCL-S scores >30, of which 12 patients 
were younger than 50 years old, and 7 patients older than 50 years old. 
Their study demonstrated that younger patients had higher PCL-S scores 
when compared to older patients [8]. They thought this may have been a 
surrogate for the mechanism of injury as these patients tended to have 
sustained their injury from higher velocity mechanisms when compared 
to older patients. 

3.3. Age and psychological wellbeing 

Bhat et al. demonstrated that patients >50 years old had statistically 

Fig. 1. Prisma flow diagram.  
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lower PCL-S scores than younger patients at the 2-month follow-up (p =
0.013). Additionally, the <25-year-old age group scored significantly 
higher PCL-S scores than the older age groups. Results were significantly 
lower at the 4-month follow-up regardless of age (p = 0.021). Age of the 
patient was negatively correlated with PCL-S scores (− 0.277). Table 5 
summarises PCL-S scores of this patient cohort depending on age. 

Similarly, McCarthy et al. found that patients between the ages of 15 
and 54 were five to six times more likely to screen positive for a psy
chological disorder than patients older than 55 years of age following a 
lower-limb threatening injury [9]. 

3.4. Psychological well-being over time following injury 

Symptoms of psychological distress may persist over time, as 
demonstrated in the study by McCarthy et al., where psychological 
distress symptoms persisted throughout the 24-month follow-up period 
[9]. However, Bhat et al. demonstrated that PCL-S scores improved over 
time. Results were significantly lower at the 4-month follow-up, in 
comparison to the 2-month follow-up, regardless of age (p = 0.021). 
Similarly, Wegener et al. noted improvements in psychological distress 
over time in patients with lower-limb injuries [17]. 

3.5. Ethnicity, social deprivation and psychological distress 

McCarthy et al. demonstrated that race and poverty were associated 
with psychological distress [9]. They found that non-Caucasian patients 
were more likely to experience psychological distress in their study. 
However, when this patient cohort was further examined, they found 
that they were more likely to lack health insurance and were also less 
likely to have completed high school when compared with Caucasian 
patients. Therefore, the race of the patient may have only acted as a 
surrogate for reduced access to medical and educational resources for 
this patient cohort. 

3.6. Social support and psychological wellbeing 

Doukas et al. investigated the incidence of depression and PTSD in a 
cohort of 324 service members deployed to Afghanistan or Iraq. Of 324 
patients in the study, 142 patients had limb salvage without amputation 
(126 unilateral and 16 bilateral salvage). They found that the strength of 
social support was a strong correlate of both physical and psychosocial 
functioning (p < 0.01) [20]. With regards to the unilateral limb salvage 
group, Table 6 summarises the demographic details. Unfortunately, the 
demographics for bilateral lower-limb salvage were not available. 
Table 6 also summarises the interpretation of the social support scores 
for this patient cohort, alongside the age of participants, educational 
level, and marital status. Table 7 and 8 summarise the outcomes relevant 
to this review. 

McCarthy et al. also found that the lack of social support was strongly 
related to screening positive for psychological disorders [9]. Similarly, 
Bhat et al. also found a positive correlation between high PCL-S scores 
and lack of social support [8]. 

4. Discussion 

Despite our improved understanding in the management of open 
lower-limb fractures, limited research has been performed on the likely 
psychological distress that may arise from the injury. 

The persistence of pain and psychological distress may negatively 
impact physical function. Studies have demonstrated that both psy
chological distress and pain prospectively predict levels of physical 
function; and that reduced physical function may predict increased 
levels of pain and psychological distress, creating a worsening cycle 
[24–27]. Wegener et al. demonstrated that negative affect played an 
important role in determining physical function over time [17]. Their 
findings were similar to Katz et al., who found that pain intensity was 
de-coupled from function as time progressed, whilst the relationship 
between negative affect and disability was strengthened [28]. However, 
it is important to note that pain is likely a subjective experience, con
sisting of various dimensions [29]. For example, pain has been described 
to have both a sensory dimension and an affective dimension. The 
sensory dimension correlating to the intensity of the pain, and the af
fective dimension correlating to the unpleasant feeling attributed to the 
pain [30]. Wegener et al. measured pain using the single-item pain in
tensity visual analog scale, which may not have been able to capture all 

Table 3 
Negative affect outcomes in this patient cohort [11].  

Brief symptom 
inventory (0–1) 

Reference 
data 

3 
months 

6 
months 

12 
months 

24 
months 

Anxiety score 0.35 0.61** 0.52** 0.49* 0.54** 
Obsessive- 

compulsive score 
0.43 0.63** 0.64** 0.65** 0.76** 

Depression score 0.28 0.64** 0.55** 0.52** 0.62** 
Interpersonal 

sensitivity score 
0.32 0.49* 0.45* 0.49* 0.55** 

*p < 0.05 when compared to reference data by Student’s t-test. 
**p < 0.01 when compared to reference data by Student’s t-test. 

Table 4 
Longitudinal Logistic Regression Results of Modeling Screening Positive for a 
Psychological Disorder (the adjusted odds ratios represent the increase in the 
odds of screening positive) [7].  

Predictor Odds ratio (95% confidence interval) for likely 
psychological disorder 

Age 
15–24 years (vs ≥ 55years) 5.61 (2.76–11.39) 
25–54 years (vs ≥ 55years) 6.11 (3.13–11.91) 
Low-to-medium social support 

(vs high) 
1.86 (1.36–2.54) 

Non-Caucasian (vs Caucasian) 1.55 (1.11–2.16) 
Low-to-medium self-efficacy (vs 

high) 
1.46 (1.08–1.97) 

Poverty status 
Near-poor (vs. non-poor) 1.34 (0.90–2.01) 
Poor (vs. non-poor) 1.44 (1.03–2.01) 
High neuroticism (vs. low-to- 

average) 
1.38 (1.02–1.87) 

Likely drinking problem (vs no 
or possible) 

1.36 (0.99–1.88)  

Table 5 
PCL-S scores depending on age [6,7,11–15].   

Score <30 Score >30 

<50 years old 15 12 
>50 years old 26 7 
Total 41 19  

Table 6 
Mental health outcomes for the limb salvage groups [15].  

Mental health outcome Limb salvage 

PHQ-9* 3± 5 (0–17) 
<5 (% of patients) 76 
>10 (% of patients) 14 
>15 (% of patients) 5 
GAD-7* 3± 4 (0–16) 
<5 (% of patients) 71 
>10 (% of patients) 5 
>15 (% of patients) 5 

* Mean & standard deviation, with range in parenthesis. 
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the dimensions of pain [31]. 
Similar to other studies, Messner et al. and McCarthy et al. did not 

find an association between injury severity and psychological distress 
symptoms [32–34]. However, their strict exclusion criteria produced a 
homogenous study sample in terms of overall injury and lower-limb 
injury severity, resulting in little variability. Consequently, it was not 
surprising to find that injury severity was not associated with psycho
logical distress outcomes. If injuries such as Gustilo-Anderson type 1 and 
2 were included in their study, an association between severity of injury 
and psychological distress may have been observed. 

In recent decades, the rates of depression and suicidal behaviours 
have steadily increased among young people [35]. The peak age of onset 
of psychological disorders is during adolescence and early adulthood 
[36]. This may explain why younger patients were more likely to screen 
positive for a psychological disorder [8,9]. However, the mechanism of 
injury may provide an alternative reason for this. Bhat et al. found that 
younger patients were more likely to have sustained their injury through 
higher velocity mechanisms. These injuries understandably may result 
in a lengthier hospital stay, and require complex surgical procedures. 

The paucity of longitudinal data did not allow for an in-depth anal
ysis of the incidence of psychological symptoms over time. However, 
similar to other studies, Bhat et al. and Wegner et al. demonstrated that 
the severity of psychological distress would be worse initially, but would 
improve over time [8,17,37]. It is, however, worth noting that not all 
patients may display symptoms of psychological distress immediately 
post-injury. In delayed-onset PTSD, patients may initially have sub
threshold symptoms after the traumatic event and will not meet the 
criteria for the diagnosis of PTSD until at least six months following the 
event [38]. 

Studies included in this review were not able to demonstrate the 

effects of pre-existing psychiatric illness on the incidence and recovery 
from post-injury distress. Premorbid psychiatric history and family 
history of psychiatric illness have been reported in the literature to be 
associated with prolonged recovery and poor psychiatric and clinical 
outcomes post-injury [39–42]. Positive effects on recovery from trauma 
have already been observed in patients with head injuries and critical 
illness, following the appropriate management of their co-morbid psy
chological illness [43,44]. Therefore, the appropriate management of 
the co-morbid psychological illnesses of patients presenting with open 
lower-limb fractures may result in improved recovery from trauma. 

Patients with strong social support have, in general, a lower risk of 
depression and psychological distress [45]. Horgan and MacLachlan 
suggested that higher levels of active coping and increased levels of 
social support contribute to better mental health outcomes post-injury in 
patients with lower-limb amputations [46]. Bhat et al., Doukas et al., 
and McCarthy et al. all demonstrated that a lack of social support was a 
risk factor for psychological disorders [8,9,20]. Furthermore, McCarthy 
et al. demonstrated that poverty was a risk factor in general for psy
chological distress, which reaffirmed the findings of other studies 
[47–49]. 

5. Limitations 

With the exception of two studies, open lower limb fracture patients 
were included with other lower-limb injuries in their analysis. The 
heterogeneous nature of the injuries reduced the generalisability of our 
results. Additionally, variables, such as severity of injury, education 
level, gender, race, social support, length of hospital stay, complications, 
and requirement for further surgical management were not available in 
all included studies. These factors have been demonstrated to influence 
post-operative recovery and the incidence of psychological disorders [9, 
20]. 

The majority of the studies included were retrospective in nature, 
therefore introducing a degree of observer bias. Furthermore, the time 
points of the psychological assessment were inconsistent between the 
studies. This did not allow for an accurate conclusion to be drawn 
regarding the incidence, progression, and recovery of psychological 
disorders over time. 

The presence of psychological disorders prior to injury may limit the 
interpretation of study results. Without screening for pre-injury psy
chiatric disorders, the clinician will not be able to determine how much 
of this psychological distress was present prior to the injury and how 
much of it was caused by the injury itself. 

6. Conclusion 

Further studies are required to reach a valid conclusion within this 
area. The complexity of open lower-limb fractures necessitates that a 
multidisciplinary team manage this patient cohort from the outset. In 
addition to their medical and surgical needs, their psychological needs 
will need to be addressed in order to deliver holistic care. Baseline 
assessment of psychological health on admission will allow the clinician 
to monitor for change over time and plan appropriate treatment. This 
can be achieved either through standardised assessment tools, or 
through clinical evaluation by a mental health professional. Addition
ally, addressing risk factors such as pain management, poor social sup
port and inappropriate coping mechanisms, may reduce the incidence of 
affective disorders by equipping patients with the necessary psychoso
cial resources to cope with the trauma and facilitate a successful 
recovery. 

Ethical approval 

No ethical approval was required for this project. 

Table 7 
Demographic information of patient cohort [14].   

All participants (N =
324) 

Unilateral lower-limb salvage 
(N = 126) 

Mean time to interview 
(months) 

37.5 39.5 

Age (%) 
18–24 years 24.2 24 
25–29 years 36.2 35.2 
≥30 years 39.6 40.8 
Male (%) 97.2 97 
Educational level 
High school or less (%) 36.1 41.3 
Marital status (%) 
Married 57.7 54.8 
Never married 28.7 30.9 
Separated/divorced/ 

widowed 
13.6 14.3 

Social support (%) 
Low (0− 70) 26.8 31.8 
Moderate (71–80) 35.8 34.9 
High (81–100) 37.4 33.3  

Table 8 
The incidence of depression, PTSD and pain which interfered with daily activity 
in unilateral and bilateral lower-limb salvage patient cohort [14].   

All 
patients 

Unilateral lower- 
limb salvage 

Bilateral lower- 
limb salvage 

Number of participants 324 126 16 
Presence of depressive 

symptoms (%) 
38.3 43.6 37.5 

Possible major 
depression (%) 

13 15.1 12.5 

Screened positive for 
PTSD (%) 

17.9 26.8 12.5 

Pain interfering with 
daily activity (%) 

19.9 27 12.5  
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