Pain Medicine 2018; 19: 169-177
doi: 10.1093/pm/pnx085

Brief Research Report

TNF-oa and sTNF-RII Are Associated with Pain
Following Hip Fracture Surgery in Older Adults

Fred C. Ko, MD,* William J. Rubenstein, BA,*
Eric J. Lee, MPH,* Albert L. Siu, MD,*t and
R. Sean Morrison, MD*1

*Brookdale Department of Geriatrics and Palliative
Medicine, lcahn School of Medicine at Mount Sinai,
New York, New York; TGRECC, James J. Peters VA
Medical Center, New York, New York, USA

Correspondence to: Fred C. Ko, MD, Brookdale
Department of Geriatrics and Palliative Medicine,
Icahn School of Medicine at Mount Sinai, One
Gustave L. Levy Place, Box 1070, New York, NY
10029, USA. Tel: 212-241-9370; Fax: 212-860-9737;
E-mail: fred.ko@mssm.edu.

Funding sources: The Mary and David Hoar
Fellowship in the Prevention and Treatment of Hip
Fracture (New York Academy of Medicine); Mount
Sinai Clinical and Translational Science Award (CTSA,
5KL2 RR029885-03); Mount Sinai Claude D. Pepper
Older Americans Independence Center (P30
AG028741); R0O15R01AG030141; and

K24 5K24AG22345.

Conflicts of interest: None.

Abstract

Objective. To explore whether plasma inflammatory
mediators on postoperative day 3 (POD3) are asso-
ciated with pain scores in older adults after hip frac-
ture surgery.

Design. Cross-sectional study.

Setting. Mount Sinai Hospital, New York, New York.
Subjects. Forty patients age 60 years or older who
presented with acute hip fracture at Mount Sinai

Hospital between November 2011 and April 2013.

Methods. Plasma levels of six inflammatory media-
tors of the nuclear factor kappa B pathway were

measured using blood collected on POD3. Self-
reported pain scores (i.e., pain with resting, walk-
ing, and transferring) were assessed at baseline
(prefracture) and on POD3. Linear regression mod-
els using log-transformed data were performed to
determine associations between inflammatory me-
diators and postoperative pain.

Results. Interleukin 18 (IL-18) was positively associ-
ated with POD3 resting pain score in the unadjusted
model (f =0.66, P=0.03). Tumor necrosis factor o
(TNF-a) and soluble TNF receptor Il (STNF-RII) were
positively associated with POD3 resting pain score
in the adjusted model (p=0.99, P=0.03, and
p=0.86, P=0.04, respectively). Moreover, TNF-a
was positively associated with POD3 walking pain
score in the adjusted model (p = 1.59, P = 0.05). Pain
with transferring was not associated with these in-
flammatory mediators.

Conclusions. These findings suggest that TNF-a
and its receptors may influence pain following hip
fracture. Further study of the TNF-o pathway may in-
form future clinical applications that monitor and
treat pain in the vulnerable elderly who are unable
to accurately report pain.

Key Words. Biomarkers; Hip
Postoperative Pain; Inflammation

Fracture;

Introduction

Hip fracture, a common occurrence in older adults, is
associated with mortality, delirium, functional decline,
and pain. In 2010, there were 258,000 hospital admis-
sions for hip fracture among adults age 65 years and
older in the United States [1]. By 2030, this number is
expected to rise to 289,000 [2]. The mortality rate in the
Medicare population after hip fracture is 7% at one
month, 13% at three months, and 24% at 12 months
[3]. Delirium after hip fracture surgery is seen in nearly
30% of older adults, and the average duration of delir-
ium is a predictor of six-month mortality [4]. Hip fracture
has also been linked to substantial functional decline in
older adults [5,6].
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Pain is a less explored but significant consequence of
hip fracture. Patients often experience significant pain
following hip fracture, and the clinical impact of this
pain can be substantial. Older adults with undertreated
pain have been found to be nine times more likely to
develop delirium after hip fracture [7]. Higher postopera-
tive pain scores in older adults following hip fracture
have been associated with increased hospital length of
stay, decreased probability of ambulation by postopera-
tive day 3 (POD3), and lower locomotion scores at six
months [8]. Early mobilization, a key factor in recovery
from hip fracture surgery [9], can be negatively impacted
by high postoperative pain [10].

Despite the negative effects of pain on hip fracture recov-
ery in older adults, the biological mechanisms contributing
to this pain remain unclear. A potential mechanism medi-
ating post-hip fracture pain is the continued activation of
inflammatory cascades past the immediate postoperative
period. Pro-inflammatory mediators regulated through the
nuclear factor kappa B (NF-«B) pathway have been linked
to pain [11,12]. Tumor necrosis factor o (TNF-o) and its
soluble receptors (STNF-RI and sTNF-RII) [11,13-19] can
influence pain directly or by interaction with other inflam-
matory mediators that are part of the NF-kB-mediated
pathway (i.e., interleukin [IL] 1 receptor antagonist/IL-1ra,
IL-6, IL-18) [11,19-21] and are also associated with pain
[12,20,22-25]. Studies have shown that the plasma con-
centrations of inflammatory mediators often change fol-
lowing surgery or stress [26-28]. Given that trauma and
surgery induce higher levels of inflammatory mediators
and that these same mediators are linked to pain in a va-
riety of different settings, there is a clear rationale to inves-
tigate a potential link between inflammatory mediator
levels in blood and pain after hip fracture surgery. Thus,
we postulate that elevated inflammatory mediators post—
hip fracture surgery may contribute to development of
postoperative pain.

While a small number of studies have investigated the
relationship between inflammatory mediators and func-
tional outcomes following hip fracture in older adults
[29], to our knowledge, no one has studied the relation-
ship of inflammatory mediators with pain in the hip frac-
ture setting. A better understanding of this relationship
may have prognostic and therapeutic implications in
post-hip fracture pain management. In this study, we
hypothesized that higher levels of inflammatory media-
tors on PODS3 after hip fracture surgery are associated
with increased pain scores. We therefore attempted to
determine the relationship between POD3 plasma con-
centrations of NF-xB pathway inflammatory mediators
and pain scores (i.e., pain with resting, walking, and
transferring) in a group of adults age 60 years or older
hospitalized due to acute hip fracture.

Methods
All study procedures including written informed consent

were approved by the Institutional Review Board of the
Ilcahn School of Medicine at Mount Sinai.
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Study Design and Enrollment

Recruitment and enrollment of elderly hip fracture pa-
tients presenting to Mount Sinai Hospital (MSH), New
York, New York, took place between November 2011
and April 2013. All 40 participants met the following in-
clusion criterion: a radiographically diagnosed acute hip
fracture of the following types—articular, extra-articular,
extracapsular, femoral head, femoral neck, intertrochan-
teric, intracapsular, peritrochanteric, subcapital, trans-
cervical, or trochanteric. Exclusion criteria were applied
as follows: patients who were/had 1) younger than age
60 years; 2) non-English speaking; 3) noncommunicat-
ing; 4) transferred from another hospital after hip frac-
ture repair; 5) receiving immunosuppressive medications
such as prednisone, tacrolimus, azathioprine, or myco-
phenolate mofetil; 6) scored lower than 4 on the Six
ltem Cognitive Screener [30]; 7) concurrent major inter-
nal injuries to the chest, abdomen, or pelvis; 8) limited
fracture in the pelvis or acetabulum; 9) femoral shaft
fracture; or 10) proximal femur fracture more than 2cm
below the lesser trochanter.

Research coordinators completed daily screens of all
MSH adult emergency room patients using the hospi-
tal’s electronic medical records system to identify pa-
tients with potential acute hip fractures. A total of 196
patients were identified during the study’s enrollment
period and assessed for eligibility (Figure 1). One hun-
dred thirty-six of those patients were excluded for a va-
riety of reasons, the most common of which was for
scoring lower than 4 on the Six Item Cognitive
Screener, indicating the presence of cognitive deficits
(N=46). Of the remaining patients, 15 declined to par-
ticipate, leaving 45 enrolled. Five of the enrolled patients
were subsequently removed from the study due to ei-
ther not having received surgery (N=2), scoring lower
than 4 on the Six ltem Cognitive Screener (N=1), hav-
ing a medical history of HIV (N =1), or being discharged
from the hospital prior to POD3 (N=1). The remaining
patients were assessed for baseline (pre-hip fracture)
resting, walking, and transfer pain score via recall; base-
line (pre—hip fracture) functional independence measure—
motor  score  (baseline  FIM-motor) via  recall;
demographics; and medical comorbidities. All partici-
pants received hip fracture surgery, anesthesia, and
postsurgical care according to the standard of practice,
and all care was directed by the attending surgeons
and anesthesiologists, none of whom were directly in-
volved in this study. On PODS3, participants were asked
to ambulate using a walker under the supervision of a
physical therapist, were assessed for pain scores asso-
ciated with three different activities (i.e., resting, walking,
and transferring), and underwent blood collection.
Participants were discharged on or after PODS to reha-
bilitation facilities or home.

Pain Assessment

Self-reported pain scores were utilized to assess pain
severity. Participants were asked to rate their pain on a
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Excluded (N = 136)

Assessed for eligibility (N = 196)
Nov 2011 = Apr 2013

+Scored <4 on Six Item Cognitive Screener (46)
+Did not speak English (18)

+Did not receive surgery (15)

sLimited fracture in pelvis or acetabulum (12)
*Femoral shaft fracture (12)

sAge <60 years (11)
*Received immunosuppressive medications (5)

—

Refused (N = 15) |

+Concurrent major internal injuries (5)
+Did not communicate (2) I

Enrolled (N = 45) |

*Hip prosthesis dislocation (2)

*Proximal femur fracture >2 cm below lesser trochanter (1)
sTransferred from another hospital after hip fracture repair (1)
+Other reasons (6)

Withdrew (N=5)
+Did not receive surgery (2)
+Scored <4 on Six Itern Cognitive
Screener (1)
*Discharged before POD3 (1)
Medical history of HIV (1)

Hospital day 1-3 assessment

POD3 assessment:

Included in analysis (N =40)

*Demographics, comobidities

*Baseline/pre-hip fracture resting, walking, and
transfer pain scaores (via recall)
*Baseline/pre-hip fracture FIM-motor (via recall)

*Blood collection
*Resting, walking, and transfer pain scores

Figure 1 Study design and participant enroliment.

0-10 scale, with 0 being no pain and 10 being the
worst pain imaginable. Pain scores have been used in
prior studies to assess pain following hip fractures [8,10]
and have been shown to be reliable and valid for use
across a number of different populations, including the
elderly [31-34]. Pain scores were assessed in associa-
tion with three different activities—at rest (resting pain),
while walking (walking pain), and while transferring from
bed to standing (transfer pain). After enrollment, partici-
pants provided baseline (pre-hip fracture) resting, walk-
ing, and transfer pain scores based on recall of their
pain prior to hip fracture. In addition, the participants
provided self-reported resting, walking, and transfer
pain scores on POD3 after hip fracture surgery.

Biochemical Measurements

Participant blood samples were collected using EDTA or
heparin-coated vacutainers on POD3 between 4 and 6
am. Blood samples were immediately centrifuged, and
the supernatant (plasma) frozen and stored in aliquots in
a —80°C freezer. Using the stored plasma samples, the
concentrations of six inflammatory mediators—IL-1ra,
IL-6, IL-18, TNF-oa, sTNF-RI, sTNF-RIl—were measured
in duplicates using enzyme-linked immunosorbent assay
(ELISA; Life Technologies Corporation, Carlsbad, CA,
USA). The ELISAs were performed according to manu-
facturer protocols. The intra-assay coefficient of variation
(CV%) and minimum detectable concentration for each
ELISA target are as follows: 1) IL-1ra, 4.8%, 4 pg/mL; 2)
IL-6, 6.3%, 0.25pg/mL; 3) IL-18, 5.03%, 12.5pg/mL; 4)

TNF-a, 5.2%, 1.7 pg/mL; 5) sTNF-RI, 1.7%, 50 pg/mL;
and 6) sTNF-RII, 2.1%, 0.1 ng/mL.

Statistical Analysis

In this study, the dependent variables were POD3 rest-
ing, walking, and transfer pain scores. The independent
variables included PODS3 concentrations of the six in-
flammatory mediators (IL-1ra, IL-6, IL-18, TNF-a,, STNF-
RI, sTNF-RIl). Simple linear regression (unadjusted
model) and multiple linear regression (multivariable-ad-
justed model) were used to determine the associations
of the independent variables with POD3 pain scores.
The multivariable-adjusted model corrected for a
prespecified set of baseline covariates (i.e., age, sex,
baseline pain, baseline-FIM motor, and American
Society of Anesthesiologists [ASA] physical status classi-
fication system). In these models, both the inflammatory
mediator concentrations and pain scores were log-
transformed due to non-normal distributions. The log-
transformed concentrations of inflammatory mediators
were compared between groups of participants who
were administered general vs spinal anesthesia using t
tests. Statistical analyses were performed using SAS
9.3 (SAS Institute Inc., Cary, NC, USA).

Both ASA and FIM-motor scores were included as co-
variates in the multivariable-adjusted model due to their
potential confounding effects on pain. The ASA physical
status classification allows anesthesiologists to note the
overall health status of a patient before surgery so that
uniform interpretation and patient stratification based on
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illness severity could be ascertained [35]. The presurgery
ASA score has been associated with postoperative pain
[36,37] and has been adjusted for in prior pain-related
studies as a potential confounder [38,39]. The FIM-
motor uses 13 tasks to assess functional ability in four
domains (i.e., self-care, sphincter control, transfer ability,
locomotion). Each task is scored on a 1-7 scale, with 1
being total assistance and 7 being complete indepen-
dence. The individual responses to these 13 tasks can
be summed to derive an FIM-motor score (maximum
score of 91, or 18 x 7). Prior studies have shown the
FIM-motor to be sensitive to changes in pain intensity
[8,9].

Results
Characteristics of Study Participants

The study participants’ baseline characteristics are
shown in Table 1. The average age was 79 = 7.8 years.
Sixty percent were women, 77.5% were white, and
12.5% were black or African American. The baseline
cognition score was 5.1 = 0.9 (out of a maximum of 6),
and the baseline FIM-motor score was 85.7 = 10.1 (out
of a maximum of 91), suggesting relatively high pre-hip
fracture surgery cognitive and functional status. The
baseline mean pain scores (i.e., prior to fracture) were
low, with resting pain of 1.9+3.2, walking pain of
1.5 +2.7, and transfer pain of 1.9 = 3.3, all scored on a
0-10 scale. Most participants were ASA class 3
(67.5%), and the most common comorbid medical con-
dition was hypertension (57.5%).

Left-sided hip fractures occurred in 52.5% of the partici-
pants. The most common types were intertrochanteric
(562.5%) and femoral neck (42.5%) fractures. General an-
esthesia and spinal block were administered to 52.5%
and 47.5% of the participants, respectively. The most
common surgical repair procedure was intramedullary
nail fixation (45%). All participants underwent hip frac-
ture surgery within two to four days of presenting to the
MSH emergency room (i.e., 23 on hospital day 2; 16 on
hospital day 3; and 1 on hospital day 4). All participants
received patient-controlled analgesia immediately after
surgery, and none had received postoperative Pain
Service consult for pain management.

Associations between POD3 Inflammatory Mediator
Concentrations and POD3 Pain Scores

The plasma concentrations of inflammatory mediators mea-
sured on PODS3 after surgery in all participants were as fol-
lows: IL-1ra, 499.1 +418.4pg/mL; IL-6, 61.9* 53.6pg/
mL; IL-18, 68.4 = 37.0pg/mL; TNF-a, 23.3 = 7.3pg/mL;
STNF-RI, 5.9+ 2.2ng/mL; and sTNF-RIl, 8.6 = 3.4ng/mL.
In comparing groups of participants who were adminis-
tered general vs spinal anesthesia, the plasma concentra-
tions of each of these six inflammatory mediators were
not significantly different between the two groups
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Table 1 Participant baseline characteristics,
fracture descriptions, and anesthesia and surgical
modalities received (N =40)

Characteristics Value
Age, mean (SD) 79 (7.8)
Female, No. (%) 24 (60)
Race, No. (%)
White 31 (77.5)
Black or African American 5(12.5)
More than one race 2 (5)
Unknown or not reported 2 (5)
Baseline cognition score [30], mean (SD) 5.1 (0.9)
Baseline FIM-motor score, mean (SD) 85.7 (10.1)
Baseline pain score
Baseline resting pain 1.9 (3.2)
Baseline walking pain 1.5 (2.7)
Baseline transfer pain 1.9 (3.3)
ASA classification*
ASA 2, No. (%) 7 (17.5)
ASA 3, No. (%) 27 (67.5)
ASA 4, No. (%) 6 (15)
Medical comorbidities, No. (%)
Hypertension 23 (57.5)
Myocardial infarction 2 (5)
Alzheimer’s disease 6 (15)
Cerebrovascular accident 2 (5)
Prior fracture on opposite hip 6 (15)
Cancer 7 (17.5)
Past disease 5(12.5)
Current disease 2 (5)
Fracture side, No. (%)
Left 21 (52.5)
Right 19 (47.5)
Fracture type, No. (%)
Intertrochanteric 21 (52.5)
Peritrochanteric 1(2.5)
Femoral neck 17 (42.5)
Subcapital 1(2.5)
Anesthesia type, No. (%)
Spinal (subarachnoid block) 19 (47.5)
General 21 (52.5)
Surgery type, No. (%)
Hemi-arthroplasty 6 (15)
Total arthroplasty 6 (15)
Intramedullary nail 18 (45)
Dynamic hip screw 6 (15)
Internal fixation, cannulated screw 1(2.5)
Percutaneous fixation, 3 (7.5)

cannulated screw

ASA = American Society of Anesthesiologists; FIM = functional
independence measure.

*ASA status as determined by anesthesiologist during pre-op
evaluation.
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(IL-1ra, P=0.84; IL-6, P=0.33; IL-18, P=0.74; TNF-a,
P=0.23; sTNF-RI, P=0.99; and sTNF-RIl, P=0.57).
The pain scores on POD3 were as follows: resting
pain, 3.0+ 3.2; walking pain, 4.1 =3.8; and transfer
pain 4.5*=3.7. Forty participants provided a resting
pain score, 29 provided a walking pain score, and 35
provided a transfer pain score. Those participants who
were unable to walk or transfer on POD3 did not pro-
vide a score, thus accounting for the missing values.

The associations between the log values of plasma in-
flammatory mediator concentrations (IL-1ra, IL-6, IL-18,
TNF-a, sTNF-RI, sTNF-RIl) and the log values of POD3
resting, walking, and transfer pain scores are shown in
Table 2. In the simple linear regression model (unad-
justed), IL-18 was positively associated with PODS3 rest-
ing pain (B=0.66, P=0.03). This association was
notstatistically significant in the multiple linear regression
model (adjusted) after correcting for age, sex, baseline
pain, baseline FIM-motor and ASA scores (B =0.60,
P=0.08).

In the adjusted models, TNF-a (3 =0.99, P=0.03) and
sTNF-RIl (3=0.86, P=0.04) were positively associated
with POD3 resting pain. Moreover, TNF-a was positively
associated with POD3 walking pain (= 1.59, P=0.05).
In addition, the association of sTNF-RI with POD3 rest-
ing pain was not statistically significant (f=0.83,
P=0.07). In contrast, PODS transfer pain was not asso-
ciated with any of the infllmmatory mediators
measured.

Inflammation and Post-Hip Fracture Pain

Discussion

In this study of adults age 60 years or older with acute
hip fracture, we found that on PODS3 after hip fracture
surgery: 1) elevated TNF-a,, STNF-RII, and IL-18 plasma
levels were associated with increased resting pain and
2) elevated TNF-a plasma level was associated with in-
creased walking pain. These novel results suggest that
there may be a link between inflammatory mediators of
the NF-xB pathway and pain after hip fracture surgery
in older adults, specifically with respect to TNF-a and its
receptors.

Nuclear factor kappa B is a protein complex that regu-
lates gene expression, cytokine production, and is a key
mediator of the cellular stress response [40]. The NF-xB
pathway is activated by, or regulates production of, IL-
1ra, IL-6, IL-18, TNF-o, sTNF-RI, and sTNF-RIl. Several
of these inflammatory mediators have been investigated
in the context of pain in a variety of studies. For in-
stance, TNF-a and its receptors (STNF-RI and sTNF-RII)
have been linked to diabetic or nondiabetic neuropathic
pain, complex regional pain syndrome, hyperalgesia,
and osteoarthritis joint pain [11,13-19]. TNF-a can either
act directly on nociceptors or interact with other NF-kxB
inflammatory mediators (IL-1ra, IL-6, IL-18) [11,19-21]
that have been associated with pain [12,20,22-25].
Moreover, the levels of inflammatory mediators often
change in response to surgery [26-28], and observa-
tional studies have shown that IL-1ra, IL-6, and TNF-a
levels increase within the first three days after acute hip

Table 2 Associations between POD3 plasma concentrations of inflammatory mediators and POD3 pain

Scores

Log (POD3 resting pain)

Log (POD3 walking pain)

Log (POD3 transfer pain)

Inflammatory Unadjusted Adjusted*” Unadjusted Adjusted” Unadjusted Adjusted*®
mediator N=40 N=40 N=29 N=29 N=235 N=235
Log (TNF-a) B 0.60 0.99** 0.67 10.59** 0.38 0.22
P 0.17 0.03 0.12 0.05 0.34 0.68
Log (sTNF-RI) B 0.41 0.83 0.06 -0.33 —0.36 —0.64
P 0.32 0.07 0.88 0.62 0.32 0.19
Log (sTNF-RII) B 0.65 0.86* 0.28 —0.03 —0.05 —0.52
P 0.09 0.04 0.46 0.96 0.89 0.28
Log (IL-1ra) B 0.04 0.11 -0.12 -0.29 —0.09 —0.30
P 0.85 0.58 0.50 0.35 0.17 0.14
Log (IL-18) B 0.66** 0.60 0.27 —0.11 0.17 —0.38
P 0.03 0.08 0.36 0.83 0.55 0.33
Log (IL-6) B 0.22 0.26 0.24 0.25 0.04 0.07
P 0.14 0.10 0.11 0.24 0.79 0.69

IL-1ra =interleukin 1 receptor antagonist; IL-18 = interleukin 18; IL-6 = interleukin 6; POD3 = postoperative day 3; sTNF-RI = soluble
tumor necrosis factor receptor I; sSTNF-RII = soluble tumor necrosis factor receptor Il; TNF-o.=tumor necrosis factor o.

*Adjusted for age, sex, baseline pain,
Anesthesiologists status.
**Association is significant at the 0.05 level.

baseline functional independence measure—motor,

and American Society of
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fracture in older adults [41-43]. With this background,
we hypothesized that an elevation of inflammatory medi-
ators of the NF-xB pathway after hip fracture surgery
may influence postoperative pain. Our findings that
TNF-o. and sTNF-RIl plasma levels are associated with
some measures of pain three days after hip fracture sur-
gery provided new evidence to support this hypothesis.
These associations are consistent with what is known in
the literature, but novel in the context of hip fracture
pain in older adults. Interestingly, the associations be-
tween TNF-o, sTNF-RIl, and postoperative pain were
limited to pain with resting and walking, but not with
transferring. This observation supports the notion that
pain is a complex sensory experience and that multiple
factors (e.g., tissue damage, physical exertion), in addi-
tion to inflammatory mediators, may precipitate pain af-
ter hip fracture surgery.

Interleukin - 18 modulates activities of other pro-
inflanmatory mediators such as TNF-a, IL-6, and IL-1
and plays a role in neuropathic pain [44,45]. It has been
observed that IL-18 level increases in microglia following
peripheral nerve injury, suggesting that IL-18 influences
development of neuropathic pain [24]. In addition, intra-
thecal injection of IL-18 enhances neuropathic pain pro-
cessing similarly to those seen after nerve injury [25].
Taken together, we anticipated elevated postoperative
IL-18 level to be associated with increased pain after
hip fracture surgery. This positive association was ob-
served between PODS plasma level of IL-18 and resting
pain in the simple linear regression model and ap-
proached statistical significance in the multivariable-
adjusted model. While the analysis was limited by the
small sample size, this finding provided preliminary evi-
dence that IL-18 may have a role in resting pain in older
adults after hip fracture surgery.

Pain following hip fracture surgery in older adults has a
variety of effects, including higher incidence of delirium,
increased length of hospitalization, and worsened long-
term locomotion and rehabilitation [7,8,10]. Properly
assessing and controlling pain following hip fracture sur-
gery can have a positive effect on recovery and rehabili-
tation. However, the assessment of pain in older
patients is complex, and thus pain in older adults is of-
ten underrecognized and undertreated [31]. The litera-
ture has shown that older patients are asked about pain
less often and are administered both less frequent and
lower doses of analgesia than younger patients [46].
Diminished cognitive function in some elderly patients,
especially postsurgery, further exacerbates these bar-
riers and limitations in pain management. Moreover,
studies have shown that both health care providers and
the patient’s caregivers often provide inaccurate pain
estimates, specifically among the cognitively impaired
[47,48]. Morrison and colleagues have found that hospi-
talized hip fracture patients with severe cognitive impair-
ment receive less analgesia than cognitively intact older
patients with similar fractures [7]. Additional barriers to
accurate assessment and treatment of pain in the el-
derly include the belief that pain is persistent and cannot
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be helped and a fear of addiction and dependence [49].
Thus, the results of this study may be of particular ben-
efit to older adults given the high frequency of hip frac-
ture, high prevalence of pain following surgery, and the
challenges in obtaining adequate pain assessment in
this vulnerable population. Further validation of the role
of TNF-a and its receptors and IL-18 in the pathogene-
sis of post-hip fracture surgery pain may identify novel
targets for the assessment, monitoring, and treatment
of pain in this clinical context. Specifically, TNF-a and
other inflammatory biomarkers may provide an addi-
tional method to approximate pain in older adults who
struggle to communicate their pain level. Furthermore,
these inflammatory mediators may provide novel
nonopioid targets for pain management after hip frac-
ture. This may be particularly important given the cur-
rent national concerns related to misuse of opioid
analgesics. Finally, results from this study raise the
question as to whether postoperative inflammatory
mediator levels are associated with chronic postopera-
tive pain, a condition that is common in a variety of
surgeries. Future research addressing this topic may
add to the growing rationale of using multimodal anal-
gesia (e.g., use of opioids and gabapentinoids) in the
peri-operative setting to optimize pain control after
surgery.

This study had several limitations. Because of a small
sample size of 40 and the high heterogeneity of hu-
man biological samples, the analyses used may lack
sufficient statistical power to detect associations be-
tween some inflammatory mediators and PODS3 pain
scores. This may explain the near statistically signifi-
cant associations between PODS resting pain and
sTNF-RI and IL-18. The subjectivity of self-reported
pain score is another potential limitation. Pain is a
complex sensory experience known only to the person
subjected to it. The perception of pain could be influ-
enced by factors such as pain medication, mood, and,
in the case of baseline pain scores, recall bias, which
may impact the reporting of pain. However, the pain
rating scale used in this study is valid and reliable, and
self-reporting remains the most accurate and appro-
priate tool for pain assessment [31]. Because narcotic
requirement may provide a less subjective measure of
pain severity and better approximate pain manage-
ment, accurate quantification of this parameter (i.e.,
daily morphine equivalent) needs to be incorporated in
future studies in this area of research. In addition, be-
cause the effect of peri-operative changes in inflam-
matory mediators on postoperative pain after hip
fracture is unknown, additional time points of blood
sampling (e.g., PODO, POD1, POD2) need to be incor-
porated in future study design to allow an expanded
assessment in the influence of trajectory of these me-
diators on progression of postoperative pain. Although
there is evidence suggesting that anesthesia type
could affect levels of inflammatory mediators [50,51],
this did not appear to be the case in our study.
Despite our observation, anesthesia type and modality
should be considered in the analysis of future
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postoperative pain biomarker investigations. Finally,
findings from this study are correlational and not
causal, nor are they mechanistic. However, these
novel associations provide the rationale for future
studies that investigate the mechanistic and pathologi-
cal role of NF-kB pathway mediators in impacting pain
sensation in older adults after hip fracture surgery.

Conclusions

In conclusion, this study provides novel evidence sug-
gesting that the postoperative levels of some NF-«xB
pathway inflammatory mediators may influence resting
and walking pain in older adults three days after hip
fracture surgery. These findings support the hypothesis
that post-hip fracture surgery inflammation may have a
biological role in the development of postoperative pain.
Further exploration and research in this area may lead
to findings that help to improve assessment, monitoring,
and management of pain after hip fracture surgery in
older adults.
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