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INTRODUCTION

Modern combat body armor is designed to protect the abdomen
and chest, but provides limited protection for the limbs. Frag-
mentation and blast injuries cause multidimensional and com-
plex wounding patterns. Multiple injuries involving neural de-

Purpose: There is limited research on the effects of neuropathic pain (NP) on quality of life, depres-
sion levels, and sleep quality in patients with combat-related extremity injuries. This study evaluated
whether patients with combat-related extremity injuries with and without NP had differences in
quality of life, sleep quality, and depression levels.

Methods: A total of 98 patients with combat-related extremity injuries, 52 with NP and 46 without,
were included in this cross-sectional study. The presence of NP was determined using the Leeds As-
sessment of Neuropathic Symptoms and Signs questionnaire. The outcome measures were a visual
analogue scale (VAS), the 36-Item Short Form Survey, the Beck Depression Inventory, and the Pitts-
burgh Sleep Quality Index (PSQI).

Results: The VAS subparameter scores for pain (all P<0.05), PSQI sleep dur ation subscale scores
(P=0.025), PSQI sleep disturbance subscale scores (P=0.016), and PSQI total scores (P=0.020) were
significantly higher in patients with NP than those without. Logistic regression analysis showed that
VAS scores of 5 and above for average pain during the previous 4 weeks contributed independently
to the prediction of NP.

Conclusions: Patients with combat-related extremity injuries with NP had more pain and poorer
sleep quality than those without NP. Sleep quality should be evaluated as part of the diagnostic
work-up in patients with combat-related extremity injury with NP, and interventions to improve

sleep quality may help manage NP in this patient group.
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struction, extensive soft tissue defects and bone destruction are
common in the extremities [1-3].

Chronic pain is common among military veterans and is as-
sociated with lower quality of life (QoL), functional disability,
and psychological symptoms [4,5]. It has also been suggested
that veterans with chronic pain might have increased risks for
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posttraumatic stress disorder, depression, and anxiety [6,7].
However, most of the previous studies have considered chronic
pain as a whole, and limited research exists on the association
of neuropathic pain (NP) with QoL and psychological comor-
bidity [8].

NP is a direct result of a disease or lesion affecting the somato-
sensory system [9]. Typical clinical features of NP include spon-
taneous pain, paroxysmal pain, burning, ice-cold sensations,
electrical shocks, or abnormally intense responses to nonpainful
(allodynia) or painful (hyperalgesia) stimuli [10].

Studies with civilian subjects have shown that patients with NP
symptoms have higher levels of depression and anxiety, and
worse health-related QoL than the general population [11-13].
There is, however, limited research on the extent to which NP in-
fluences QoL, levels of depression, and sleep quality in patients
with combat-related extremity injuries. Therefore, this study in-
vestigated differences in QoL, depression level, and sleep quality
among such patients with and without NP.

METHODS

Participants and study design

This was a cross-sectional study conducted in the Orthopedic Re-
habilitation Unit of Gaziler Physical Medicine and Rehabilitation,
Training and Research Hospital (Ankara, Turkey), a tertiary hos-
pital, from July 2020 to November 2021. A sample size calculation
was performed using G*Power ver. 3.1 (Heinrich-Heine-Universi-
tat Diisseldorf, Diisseldorf, Germany; http://www.gpower.hhu.
de/). In order to detect a difference at 5% type 1 error level with
90% power for an effect size of 0.62 [14], a minimum of 46 pa-
tients was required for each group. A total of 98 patients with
combat-related extremity injuries, 52 with NP and 46 without,
were included. The inclusion criteria were previous history of
combat-related extremity injury, age of 18 to 65 years, and time af-
ter injury >3 months. Exclusion criteria were known rheumatic
disease, neurologic, or endocrine disorders; previous history of
cervical or lumbosacral radiculopathy; excessive alcohol con-
sumption; and vitamin B12 deficiency. The study was approved
by the Ethics Committee of Ankara City Hospital (No. E1-20-
838). The study was also registered with the ClinicalTrials.gov
database (No. NCT04674631). Written informed consent was
obtained from all patients.

Demographic and clinical variables
The subjects’ demographic and clinical features including age,
weight, height, education, occupation, side of injury, type of inju-
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ry, and duration of pain were noted. A 10-cm visual analogue
scale (VAS) was used to measure the severity of pain [15]. The
presence of NP was established using the Leeds Assessment of
Neuropathic Symptoms and Signs (LANSS) questionnaire [16].
The Turkish adaptation of LANSS was developed by Yucel et al.
[17] and has been shown to be a valid scale. The 98 patients were
divided into two groups based on the absence or presence of NP.
The NP group included 52 patients with scores of 12 or more on
the LANSS, while the 46 patients with scores less than 12 were
the group without NP.

The impact of pain on health-related QoL was assessed using
the 36-Item Short Form Survey (SF-36). SE-36 is a common tool
for evaluating QoL, and includes 36 items in eight separate scales
(physical role, physical functioning, general health, bodily pain,
social functioning vitality, mental health, and emotional role).
The subscales are scored between 0 and 100, and better QoL is
indicated by higher scores [18]. The Turkish version of the SF-36
has been found to be valid and reliable [18].

The Beck Depression Inventory (BDI) was used to evaluate the
depression status of the patients. BDI measures symptoms and
attitudes characteristic of depression [19]. The 21-item scale is
scored between 0 and 63. The Turkish version of BDI has been
shown to be valid and reliable [20]. Scores over 17 indicate clini-
cally significant depression. The full depression scale for this test
is minimal, 0 to 9; mild, 10 to 16; moderate, 17 to 29; and severe,
30 to 63 [21].

The patients’ self-reported sleep quality during the previous
month was assessed using the Pittsburgh Sleep Quality Index
(PSQI) [22]. The index includes 19 items and evaluates seven
components of sleep quality (subjective quality of sleep, sleep du-
ration, sleep latency, sleep disturbances, sleep efficiency, daytime
dysfunction, and drug use for sleep). The total PSQI score is the
sum of scores from the seven components, and ranges from 0 to
21. Scores of 6 or higher indicate poor quality of sleep [23]. The
Turkish version of PSQI has been validated [24].

Statistical analysis

The study data were analyzed using IBM SPSS ver. 23.0 (IBM
Corp., Armonk, NY, USA). Nonsignificant results from the
Kolmogorov-Smirnov test were used to show the normality of
data distribution. Continuous variables were presented as
mean * standard deviation and categorical variables as percentag-
es (%). The Pearson chi-square test, independent-samples t-test,
and Mann-Whitney U-test were used to compare the two
groups. Pearson and Spearman correlation analyses were used to
evaluate the relationships between LANSS scores and demo-
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graphic and clinical parameters in patients with NP. A P-value
less than 0.05 was considered to indicate statistical significance.

Logistic regression analysis was performed using possible fac-
tors identified in previous analyses to predict NP. The indepen-
dent factors included in the model were age, duration of pain
(months), SF-36 pain subscale scores, the PSQI sleep disturbance
and sleep duration subscale scores, PSQI total scores, the per-
centage of the patients with poor sleep quality (PSQI total score,
<6vs. 26), VAS during movement scores (<5 vs. >5), VAS av-
erage pain during the past 4 weeks scores (<5 vs. 25), and VAS
night pain scores (<5 vs. >5). The Hosmer-Lemeshow test was
used for model fit. For each variable, 95% confidence intervals
and odds ratios were calculated, and the Wald test was per-
formed to test significance.

RESULTS

This study included 98 male subjects; 3 to 312 months had
elapsed since their injuries in patients with NP and 3 to 264
months in patients without NP. The most common type of in-
jury was gunshot wounds, accounting for 50% of the patients
with NP. The frequency of peripheral nerve injuries was higher
in the NP group (P <0.001). Demogr aphic variables of the pa-
tients are shown in Table 1, and the etiology of NP is presented
in Table 2.

The VAS subparameter scores for pain (all P <0.05), PSQI
sleep dur ation subscale scores (P =0.025), PSQI sleep distur-
bance subscale scores (P=0.016), and PSQI total scores
(P=0.020) were significantly higher in patients with NP than in
those without NP (Table 3). Moderate or severe depression was
found in 40.4% of the patients with NP and in 32.6% of those
without NP. There was no statistically significant difference be-
tween the two groups in terms of depression severity (P =0.523).
Poor sleep quality was found in 76.0% of the patients with NP
and 59.0% of those without NP (P =0.066).

In patients with NP, LANSS scores correlated significantly with
VAS during movement (r=0.376, P=0.006), the SF-36 general
health subscale (r=-0.326, P =0.022), and the PSQI sleep distur-
bances subscale (r=0.374, P=0.007) (Table 4). Logistic regres-
sion analysis showed that VAS scores of 5 and above for average
pain during the previous 4 weeks contributed independently to
the prediction of NP (Table 5).

DISCUSSION
Our results showed that patients with combat-related extremity
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injuries with NP had more pain and poorer sleep quality than
those without NP. LANSS scores were also significantly associat-
ed with VAS during movement, the SF-36 general health sub-
scale, and the PSQI sleep disturbances subscale in patients with
NP.

The release of inflammatory mediators following tissue trauma
can lead to primary or secondary peripheral sensitization of no-
ciceptors, making them more sensitive to stimulation and caus-
ing a “wind-up” of spinal cord activity. This can cause the contin-
uation of pain and if left untreated, central sensitization can oc-
cur, leading to chronic NP with persistent perceptions that last
after tissue repair is complete [1].

Our findings showed that all VAS subparameter scores for pain
were significantly higher in patients with NP than in those with-
out NP. This finding is broadly consistent with studies showing
that patients with mostly neuropathic chronic pain often report
more severe pain [13,25]. Moreover, VAS scores of 5 and above
for average pain during the previous 4 weeks were shown to in-
dependently contribute to the prediction of NP in our study.

A nationwide epidemiological study of the general population
in France demonstrated that participants with NP exhibited
lower QoL, poorer sleep quality, and more depression and anxi-
ety symptoms than those without NP [11]. In our study, in con-
trast, no difference was found between the two groups (with and
without NP) in terms of QoL and depression, except for sleep
quality.

Besides NP, other factors can affect the QoL and depression
status of patients with combat-related injuries. Woodruff et al.
[26] showed that health-related QoL among service members in-
jured in combat was associated with demographic factors, injury
and service experience, and most strongly with present mental
health status. Grieger et al. [27] demonstrated that the clinical
characteristics of injuries (e.g., mechanism and severity) in bat-
tle-injured soldiers were related to the risk of developing depres-
sion and postinjury posttraumatic stress disorder, as well as acute
and chronic pain. In our study, the etiology of injury was similar
in both groups, and we interpret the similarity of the SF-36 scores
as reflecting the broad similarity of the demographic variables
and severity of depression in the two patient groups.

To the best of the authors' knowledge, only one previous study
compared patients with combat-related extremity injuries with
and without NP [8]. That study of combat-injured Danish sol-
diers showed that NP was associated with deterioration of
self-rated health and increased psychological distress. The sample
size in that study, in which the presence of NP was evaluated with
the PainDETECT questionnaire, was smaller than our study and
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Table 1. Demographic features of the subjects

Variable Total (n=98) Patients with NP (n=52)  Patients without NP (n=46) P-value
Age (yr) 29.73+6.26 29.53+6.53 29.95+6.00 0.438
Body mass index (kg/mz) 24.95+3.10 24.92+0.42 24.98+0.47 0.921
Marital status 0.926
Single 58 (59.2) 31 (59.6) 27 (58.7)
Married 40 (40.8) 21 (40.4) 19 (41.3)
Education 0.565
<High school 75 (76.5) 41 (78.8) 34 (26.1)
>High school 23(23.5) 11 (21.2) 12 (73.9)
Smoking 0.546
Smoker 63 (64.3) 32 (61.5) 31 (67.4)
Nonsmoker 35(35.7) 20 (38.5) 15 (32.6)
Alcohol consumption 0.239
Drinker 11 (11.2) 4(77) 7(15.2)
Nondrinker 87 (88.8) 48 (92.3) 39 (84.8)
Time since injury (mo) 43.56+72.48 46.36+77.39 40.39+67.22 0.492
Etiology 0.129
Mine 12 (12.2) 6 (11.5) 6(13)
Explosives 19 (19.4) 8 (15.4) 11 (23.9)
Gunshot 43 (43.9) 26 (50.0) 17 (37.0)
Rocket 10 (10.2) 8 (15.4) 2 (4.4)
Other (e.g., car accident) 14 (14.3) 4(7.7) 10 (21.7)
Injury site
Right upper extremity 20 (20.4) 13 (25.0) 7 (15.2) 0.230
Left upper extremity 22 (22.4) 13 (25.0) 9 (19.6) 0.520
Right lower extremity 49 (50.0) 28 (53.8) 21 (45.7) 0.418
Left lower extremity 44 (44.9) 24 (46.2) 20 (43.5) 0.790
Injury type
Peripheral nerve injury 58 (59.2) 40 (76.9) 18 (39.1) <0.001*
Fracture 50 (51.0) 27 (51.9) 23 (50.0) 0.849
Amputation 25 (25.5) 11 (21.2) 14 (30.4) 0.293
Duration of pain (mo) 23.27+44.04 20.03+25.07 26.93+58.67 0.065
Current medical treatment
Pregabalin 21 (21.4) 21 (40.4) 0
Gabapentin 3(3.1) 3(5.8) 0
Narcotic analgesics 5(5.1) 3(5.8) 2(4.3) 0.750
Paracetamol 10 (10.2) 4(7.7) 6(13.0) 0.382
NSAIDs 14 (14.3) 5(9.6) 9 (19.6) 0.160
Values are presented as meantstandard deviation or number (%).
NP, neuropathic pain; NSAID, nonsteroidal anti-inflammatory drug.
*P<0.05.
Table 2. Etiology of neuropathic pain (n=52) sleep quality was not evaluated [8].
Etiology PIeE R e oD athie pam The prevalence of sleep disturbances ranges from 50% to 80%
Peripheral nerve injury 40 (76.9) in patients with chronic pain, and the severity of sleep distur-
Complex regional pain syndrome 1(1.9) bances is associated with pain intensity [28]. Melikoglu et al. [23]
Neuroma 8 (15.4) showed that 80% of patients with NP had poor sleep quality re-
Phantom limb pain 3(5.8) gardless of the cause of NP. The detected rate of poor sleep quali-

ty of 76% in this study for patients with NP is comparable to pre-
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Clinical feature Patients with NP (n=52) Patients without NP (n=46) P-value
Visual analogue scale
Average pain during the past 4 wk 5.80+1.45 4.50+2.42 0.005*
Worst pain within the past 4 wk 8.50£1.42 6.89+2.84 0.005*
At rest 4.32+2.47 2.52+2.82 0.001*
At movement 5.96+2.05 4.86%2.69 0.042*
Night pain 5.03+2.67 2.80+3.00 <0.001*
LANSS 18.05+3.65 3.80+3.73 <0.001*
36-Item Short Form Survey
Physical functioning 49.51+25.19 55.69+27.85 0.217
Role limitation due to physical health 29.08+38.30 29.01+36.57 0.740
Pain 36.83+25.83 48.72+27.75 0.070
General health status 51.22420.72 54.88+21.05 0.368
Vitality 47.65%+25.16 53.72+22.30 0.219
Role limitation due to emotional problems 49.48+29.86 52.03+26.99 0.831
Social relations 38.83+43.21 39.53+43.19 0.906
Mental health 53.61+£22.59 58.51+24.54 0.308
Beck Depression Inventory (total) 15.3249.60 14.39+11.08 0.423
Pittsburgh Sleep Quality Index
Sleep quality 1.64+0.74 1.34+0.91 0.087
Sleep latency 1.86+1.01 1.56+0.97 0.127
Sleep duration 1.48+0.99 1.04+1.030 0.025*
Sleep efficiency 0.50+0.73 0.36+0.74 0.164
Sleep disturbance 1.80+0.67 1.43+0.69 0.016*
Use of sleep medication 0.66+1.17 0.40+0.99 0.182
Daytime dysfunction 1.12+0.93 1.02+0.92 0.642
Total 9.06+3.70 7.18+4.00 0.020*

Values are presented as meantstandard deviation.

NP, neuropathic pain; LANSS, Leeds Assessment of Neuropathic Symptoms and Signs.

*P<0.05.

vious findings in the literature. To our knowledge, no previous
studies have compared sleep quality in patients with combat-re-
lated extremity injuries with and without NP. As in the related ci-
vilian studies [11,23], sleep quality in patients with NP was found
to be poorer than in those without NP in our study. Moreover, a
correlation was found between LANSS scores and the PSQI sleep
disturbances subscale in patients with NP. Although the differ-
ence in the percentage of the patients with poor sleep quality be-
tween the two groups did not reach statistical significance, the
P-value was close to 0.05.

This study has some limitations. The study population and
time after injury were heterogeneous. The results of the study
cannot be generalized since all the participants were male and
from a single center. The uneven number of patients between the
two groups is another limitation. Detailed information on inju-
ry-related features was not obtained using specific scales such as
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the Injury Severity Score or Abbreviated Injury Scale. In this
cross-sectional study, we also could not evaluate changes in and
effects of NP in patients over time. A prospective cohort study is
needed to obtain a more complete evaluation of the NP in pa-
tients with combat-related extremity injuries. Lastly, the number
of patients with amputation in our study was small. We could not
compare patients with NP with and without amputation in terms
of QoL, depression level, and sleep quality because we did not
track amputations. Further studies with more patients with am-
putation are required to compare patients with NP with and
without amputation in terms of QoL, depression level, and sleep
quality.

Patients with combat-related extremity injuries with NP had
more pain and poorer sleep quality than those without NP. Sleep
quality should be evaluated as part of the diagnostic work-up in
patients with combat-related extremity injuries with NP, and ap-
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Table 4. Correlations between LANSS scores and demographic and proaches to boost sleep quality may contribute to the overall

clinical variables in patients with neuropathic pain management of NP in this patient group. Future studies address-

Variable r P-value ing the limitations of this study are warranted.
Time since injury (mo) -0.009 0.951
Duration of pain (mo -0.075 0.598
| Lty NOTES
Visual analogue scale
Average pain during the past 4 wk 0.169 0.231 )
Worst pain within the past 4 wk 0.211 0.134 Ethical statements
At rest 0226  0.025 The study was approved by the Ethics Committee of Ankara City
At movement 0.376*  0.006* Hospital (No. E1-20-838). The study was also registered with the
Night pain 0.21 0.136 ClinicalTrials.gov database (No. NCT04674631). Written in-
36-Item Short Form Survey formed consent was obtained from all patients.
Physical functioning -0.100 0.493
Role limitation due to physical health -0.048 0.745 Confli £
Pain ~0.066 0.654 ontlicts of interest
General health status Z0326°  0.022* The authors have no conflicts of interest to declare.
Vitality —0111 0450
Role limitation due to emotional problems -0.207 0.154 Funding
Social relations -0.049 0.738 None.
Mental health -0.118 0.421
Beck D ion I | -0.027 .84 . .
'ec epression nvel?tory (total) 0.0 0.848 Author contributions
Pittsburgh Sleep Quality Index o N . "
. Conceptualization: MOA, GKK, KA; Data curation: MOA, GKK,
Sleep quality 0.214 0.136 N i N N
Sleep latency 0249 0081 FQ? YD; Formal analysis: MOA, GKK, FOT'YD; Methodology:
Sleep duration ~0.014 0.922 MOA, GKK, KA; Writing—original draft: MOA, YD; Writing-re-
Sleep efficiency 0.066  0.651 view & editing: all authors.
Sleep disturbance 0.374*  0.007* All authors read and approved the final manuscript.
Use of sleep medication 0.007 0.964
Daytime dysfunction 0.032 0.824
Total 0.181 0.208 REFERENCES
LANSS, Leeds Assessment of Neuropathic Symptoms and Signs.
*P<0.05. 1. Mercer SJ, Chavan S, Tong JL, Connor DJ, de Mello WE The
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Odds 95% Confidence
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