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Abstract 

 

Title:  Effectiveness of an Electronic Pain Notification System on Postoperative Pain 

 

Sheeba O. Paranilam 

Dissertation directed by Dr. Meg Johantgen 

 

 

Background: Pain management is an important responsibility of the entire health care 

team. A 2008 nursing documentation audit at the study hospital showed inadequate pain 

assessment. In response, an Electronic Notification System (ENS) for Registered 

Nurses (RNs) was implemented in one surgical unit of the study hospital in 2008-2009.  

 

Purpose: The purpose of this study was to determine the effectiveness of the ENS on 

postoperative pain measurements, pain intensity, and total narcotic analgesic use. 

Furthermore, the association between pain control and patient outcomes such as physical 

therapy participation, length of hospitalization, and discharge disposition was examined. 

 

Methods: A retrospective, descriptive-correlational design used medical record data to 

compare postoperative pain and related outcomes before and during the ENS 

implementation. Hospitalized inpatients undergoing hip or knee joint replacement, 

laminectomy, or spinal fusion were studied. The pre-ENS group included 95patients, 

whereas the ENS group had 113 patients.  Linear mixed modeling was used to account 

for the repeated pain observations clustered within patients, while controlling for 

potential covariates.  

 

Results: There were no significant differences in frequency of pain measurement nor in 

pain intensity between the pre-ENS and ENS time periods. However, other important 

covariates were found to significantly influence pain intensity including history of mental 

illness (t=2.028, p=.045), pre-operative opioids (t=3.307, p<.001), and age (t= -3.383. 

p<.001). Only age (t=3.406, p<.001) and pain level on day 2 (t=2.306, p= .025) were 

significant predictors of length of stay. 

  

Conclusion: While the use of an electronic notification system reflects a widely used  

technology, the effectiveness was not demonstrated in this population and setting. The 

findings showing that patients with a history of mental illness and opioid use report 

higher pain intensity, confirm the findings of previous studies and  should be 

incorporated in developing customized pain management plans. Innovative new devices 

such as ENS could be a valuable tool to assist nurses in pain assessment and 

documentation but current evidence does not support their use.   
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CHAPTER 1 

 INTRODUCTION 

Uncontrolled pain is the most common reason people seek medical attention.
1
  

Despite the availability of sophisticated equipment, newer medications and pain 

management guidelines, postoperative pain continues to be a major public health 

problem.
2-6

 Nurses are the health care professionals who spend the most time in assessing 

and controlling pain.
7 

However, pain control has still been inadequate and has been linked 

to poor assessment.
8 

A nursing documentation audit at the Baltimore Veterans Affairs 

Medical Center (BVAMC) in 2008 indicated a deficiency in nurses’ pain assessment and 

documentation.
9 

To improve pain assessment and documentation, an Electronic 

Notification System (ENS) for Registered Nurses (RNs) was piloted at the BVAMC in 

2008-2009. While nursing satisfaction with the ENS was assessed, and some anecdotal 

patient data was reported, no systematic assessment of patient outcomes was conducted. 

This study evaluated the effect of ENS on patient outcomes including postoperative pain 

intensity, total narcotic analgesics, length of hospital stay, and type of discharge 

disposition. 

1.1 Background 

 Pain management is an important responsibility of health care providers, 

particularly in acute care settings. In 1995, in order to make pain ‘visible’, the American 
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Pain Society (APS) declared pain as the fifth vital sign. Subsequently, this concept was 

endorsed by medical associations and the U.S. Veterans Administration (VHA).
8
 In 1998, 

like many other hospitals, the VHA launched Pain as the Fifth Vital Sign (P5VS) 

initiative requiring nurses to assess patients’ pain intensity using a Numeric Rating Scale 

(NRS) and to document it in the medical record with the vital signs. The NRS is a 

standardized eleven integer verbal pain rating scale (0= no pain, 10= worst pain possible) 

widely used by patients to self-report pain intensity.  As part of the P5VS initiative, 

providers (physicians, physician assistants and nurses) were given mandatory class-room 

based education and supplemental materials to support this practice change. Providers 

were also expected to do a comprehensive pain assessment and provide prompt 

intervention for pain levels of 4 or higher.
7  

Recognizing the importance of adequate pain 

relief, the US Congress declared the last decade (2001-2010) as the decade of pain 

control and research.
10

  

 In January 2000, The Joint Commission (TJC) mandated changes to pain 

assessment and management by organizations and clinicians. As TJC accredits more than 

19,000 health care organizations in the United States, TJC standards provide powerful 

potential to improve the quality of pain management in hospitals.
11

 The standards require 

accredited healthcare facilities to:  recognize patients’ rights to adequate pain assessment 

and management; assess/reassess and record  pain; educate patients, families and health 

care providers; develop policies and  strategies to  support appropriate prescription of 

pain medicines; implement patient needs for symptom control in discharge planning; and 

to monitor the effectiveness of pain management.
12

 Despite many efforts to educate 

clinicians about pain management strategies, under treatment of acute and chronic pain 
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persists.
3-6 

About 40% of post-operative patients report moderate or severe pain intensity, 

or experience inadequate pain relief. As evidenced from several community surveys, the 

prevalence of chronic pain in adults ranges from 15-25%, and it doubles after 65 years of 

age.
12

   

 Over a quarter of the U.S. population, 20 years of age and older reports they have 

experienced pain that lasts for greater than 24 hours.
13

 Painful knees and hips are 

common among older adults, and it is estimated that by 2030, about 67 million 

Americans 18 years or older will be diagnosed with arthritis. Osteoarthritis is the most 

common reason for hip and knee replacement surgeries. In 2003, about 11.9 billion and 

12.2 billion dollars were spent for knee replacement and hip replacement surgeries, 

respectively.
13

It has been reported that the incidence of uncontrolled postoperative pain 

following major joint replacement surgery ranges from 10-30%, thereby making the 

severity of acute postoperative pain an important risk factor for development of chronic 

pain following surgery.  As revealed by a recent study in England, total knee replacement 

(TKR) and total hip replacement (THR) patients experience severe pain on the first 

postoperative day, and therefore postoperative pain management became a significant 

challenge to health care professionals.
14 

Additionally, poorly controlled postoperative 

pain affects rehabilitation outcomes for these surgeries and places patients at increased 

risk for contractures, deep vein thrombosis (DVT) etc., and may result in prolonged 

rehabilitation necessitating sub-acute care due to mobility and activities of daily living 

(ADL) deficits.
14,88 

 The surgical rates of spine surgery in the United States continue to rise. For 

example, from 2002- 2007, the rate of complex spine surgery rose from 1.3 per 100,000 
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to 19.9 per 100,000, which represents a 15 fold increase during that time period.
15

 This 

significant rise might be due to increasing prevalence of obesity, aging baby boomers, 

introduction and marketing of new surgical devices, and the influence of key opinion 

leaders. The improvements in surgical technique, anesthesia care, and supportive care 

make invasive surgery more feasible.
16

 Many veterans suffer from chronic back and/or 

neck pain either from a single trauma or from wear and tear of day to day activities of 

carrying heavy equipment.
17

 Approximately 15% of patients with spinal cord injury (SCI) 

in the U.S. are veterans, which makes Veterans Health Administration (VHA) the largest 

single network of SCI care in the nation.
18

 The VA  provides a coordinated lifelong 

continuum of services including emergency care, primary care, preventive care, medical 

and surgical stabilization, rehabilitation, home care, and long term care to eligible 

veterans. These services are provided to treat a variety of diseases and maladies, 

including pain syndromes.  When a surgical intervention is required to treat spine pain, 

the most commonly performed procedure done in the VA is a laminectomy.  A 

laminectomy, or decompression procedure, is a spinal procedure where the surgeon 

removes a portion of the vertebra, called the lamina, along with the spinous process and 

overlying connective tissue and ligaments, and cuts through muscles overlying these 

structures. Frequently, a discectomy is performed in conjunction with this procedure, and 

the intent is to decompress a nerve root. Alternatively, when excessive motion or slippage 

of vertebrae is thought to contribute to pain or nerve root compression, then a   vertebral 

fusion is performed to fuse adjacent vertebrae in order to improve stability and reduce the 

pain associated with excessive motion between adjacent vertebrae. 
19

 However, 

laminectomies and fusions may also result in both nociceptive and neuropathic pain, and 
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this pain intensity can vary from mild to severe, lasting for weeks to months. Often this 

pain is associated with moderate to severe paraspinal muscle spasm, which initially is 

acute in nature but can progress to a chronic pain syndrome if not treated appropriately in 

the immediate postoperative period.  The pain interferes with post operative rehabilitation 

and mobilization of patients, and may further contribute to back and hamstring stiffness. 

Chronic pain is also associated with affective disorders, which further contribute to 

reduced function. Therefore, effective pain management is extremely important after 

spine surgeries to prevent development of a chronic pain syndrome.
20, 21 

1.2 Statement of the Problem   

            During a 2008 TJC visit to the BVAMC, surveyors pointed out a deficiency in 

pain assessment and reassessment documentation in patients. In an effort to improve the 

pain assessment, reassessment and documentation, Dr. Robert Sawyer, in collaboration 

with AppsHub, Inc., developed a new electronic notification system (ENS) and piloted it 

on one postsurgical ward from September 17, 2008 to March 17, 2009.  The main 

intervention was an electronic cue to nurses to remind them to reassess and document the 

pain level after administering a pain medication. This was done using a beeper system 

that reminded care providers to perform an assessment following administration of pain 

medication. The Baltimore Veterans Administration Medical Center (BVAMC) utilizes a 

barcode medication administration system (BCMA) for administering medications. When 

the nurses scan the patients’ identification band, the computer screen displays the list of 

medications due for the patient. The nurses scan the barcode of each medicine as they 

give the medication. Every time a pain medicine is given, it is recorded in the SQL server 

of the VA computer system. The SQL server is a relational database server designed by 
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Microsoft Corporation to store and retrieve data. 

 During the intervention period, updated messages were sent from the SQL server 

to the APPSHUB website. The website then sent the messages to the beepers carried by 

nurses, reminding them to reassess and document the pain level. These beeper messages 

were sent only if the pain level remained undocumented at 1 hour, 2 hours, and 3 hours 

post administration of analgesics. These messages were HIPPA compliant and only 

showed the number of hours since the medication was administered and the patient’s 

room number (e.g.,1h 217).  When the nurse documented the pain assessment in the 

BCMA, the SQL server was updated and stopped sending messages to the APPSHUB 

website. When the nurse did not document the pain level, the APPAHUB website 

continued to send the messages at 1 hour, 2 hours and 3 hours after administration. When 

the pain documentation was not completed by 2.5 hours, the nurse manager was paged at 

3 hours and 3.5 hours. The pain assessment/reassessment documentation improved during 

the time period ENS was in use.
22   

This improvement in documentation rose to over 90% 

within the first three months of implementation, and this high rate of documentation was 

consistently maintained throughout the time period when this ENS system was in effect. 

The preliminary analysis revealed that more than half of the nurses were satisfied with 

using ENS for pain assessment/reassessment.
9
 However, no study has been done to 

determine if the increase in pain assessments influenced pain treatment and pain control. 

It was unclear whether patients had an increase in their pain control, experienced shorter 

lengths of stay, or if they were more likely to be discharged to home as compared to a 

long term care facility during the time frame the ENS was used. Anecdotal reports 

suggested that there was an improvement in pain assessment and pain control, but it is 
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likely that this effect was not sustained after the pilot program was discontinued.  

1.3 Significance of the Problem  

 Unrelieved postoperative pain is associated with physiological as well as 

psychological adverse effects. The physiological adverse effects include, but are not 

limited to deep vein thrombosis, pulmonary embolism, coronary ischemia, impaired 

immune response, catabolism, poor wound healing, impaired mobility, functional 

decline leading to extended hospital stay and readmission, and patient dissatisfaction 

with medical care.
23-32 

 The psychological adverse effects include anxiety, depression, 

decreased quality of life, hopelessness, helplessness, and even requests for 

euthanasia.
22,28,33-35

 In addition to physiological and psychological distress, uncontrolled 

pain is also associated with poor long term surgical outcomes. 

 Uncontrolled pain costs millions of dollars annually due to prolonged hospital 

stays, re-hospitalizations, and visits to outpatient clinics and emergency rooms.
24,35-39

 The 

patients who are unable to work because of pain experience loss of income and reduced 

access to insurance coverage, contributing to the increased cost of disability programs.
39

 

If acute pain is not adequately controlled, it can lead to chronic pain.
24,36-38

 Although joint 

replacement surgeries are intended to relieve chronic joint pain, between 10-30% of 

patients continue to experience chronic pain after joint replacement. Previous research 

shows that the major risk factor for chronic pain after joint replacement is the severity of 

acute post-operative pain.
39

 Moreover, a significant number of patients develop chronic 

pain from post-laminectomy syndrome. The percentage of patients who get pain relief 

after a single level fusion ranges from 40-80%. However, the percentage drops to 15% 

with three level fusion.
40-42

 The economic burden of treating chronic pain that develops 
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from acute pain in a 30 year old patient over a lifetime has been estimated as much as $1 

million.
43

 Therefore, persistent pain should be prevented and adequately treated to 

promote health, comfort and successful outcomes.
44-46 

 Although several research studies investigated the effect of multiple pain 

management strategies on patient outcomes, to date, no published study has measured the 

effectiveness of an ENS or similar device to improve pain assessment on patient 

outcomes. 
2, 5, 47-51

As more hospitals implement technologies that engage the patients and 

families in care, outcomes of this engagement must be assessed. For example, a 

Baltimore hospital recently opened new inpatient units where hospital rooms are 

equipped with the GetWellNetwork®.
52 

Features of the system allow patients to self-

assess their pain on their TV (used as computer monitor) and pain scores are 

automatically recorded in their electronic hospital record. If inadequate pain control is 

detected, nursing is notified and follow-up with patient care can be done immediately.  

 Despite years of nursing education, TJC surveys, and BVAMC performance 

improvement projects, the reassessment of pain post administration of analgesics has 

always remained between 60-70%. After the institution of nursing pain pagers, it 

improved rapidly to 98%. Clearly, pain cannot be adequately treated unless it is 

reassessed in a timely fashion after a clinical intervention, so the pilot pager project 

represented a significant first step in effective treatment.  

1.4 Purpose  

    The purpose of this study was to determine the effect of the ENS on postoperative 

pain measurements, pain intensity level and total narcotic analgesic use.  Furthermore, 

the association between better pain control and patient outcomes such as physical therapy 



9 

 

participation, length of hospitalization, and type of discharge disposition was also 

examined. A descriptive correlational design was used.  A cohort of patients who 

underwent TKR, THR, lumbar spine, and cervical spine surgeries, prior to the ENS 

implementation was compared to a cohort of patients with the same surgeries after ENS 

implementation.  Data was abstracted from the electronic as well as paper medical 

records. 

1.5 Conceptual Frame work 

The middle range theory of balance between analgesia and side effects forms the 

theoretical framework for this study. It is comprised of eight intervention concepts in 

three domains, which combine to influence the outcome concept of balance. The structure 

of the theory of balance between analgesia and side effects is depicted in Figure 1, with 

concepts, relationships, and propositions.
53, 54

  

Figure 1: Theory of Balance Between Analgesia and Side Effects 
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 With regard to this study, the “multi modal interventions” included potent pain 

medications (opioids), pharmacological adjuvants (NSAIDS), and non-pharmacological 

adjuvants. These were not altered during the ENS period. The usual pharmacological and 

nonpharmacological interventions were used. The ENS intervention primarily reflected 

the “attentive care” in the theoretical model.  ENS should facilitate regular assessment of 

pain, identification of inadequate pain relief, intervention (administration of pain 

medicine), reassessment, and re-intervention. “Balance” in the model was represented by 

effective pain control and tolerable medication side effects.  Although not reflected in the 

theoretical model, better pain control should influence patient outcomes.  These are 

reflected in the conceptual model for the proposed study which is illustrated in Figure 2.   

 

Figure 2: Conceptual Model of Study 

 

Patient outcomes examined in relation to pain control included participation in physical 

therapy, hospital length of stay, and type of discharge disposition.  Potential confounding 

variables also were assessed as this was a non experimental study, and potential sources 

of bias needed to be explored. 
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1.6 Research Questions and Hypotheses 

 

1. Did patients undergoing THR/TKR/laminectomy/fusion had a difference in frequency 

of pain measurements during the ENS study period as compared to pre-ENS period?  It 

was hypothesized that frequency of pain measurements would be lower during the ENS 

study period.     

2. Did patients undergoing THR/TKR/laminectomy/fusion report a difference in pain 

intensity during the ENS study period as compared to pre-ENS period?  It was 

hypothesized that pain intensity would be lower during the ENS study period.     

3. Did patients undergoing THR/TKR/laminectomy/fusion report a difference in opioid 

analgesia use during the ENS study period as compared to the pre-ENS period? It is 

hypothesized that opioid analgesia use would be higher during the ENS study period. 

4. Is there a relationship between pain control and the number of scheduled physical 

therapy sessions attended?   It was hypothesized that patients with better pain control 

would be more likely to attend scheduled physical therapy sessions. 

5.  Is there a relationship between pain control and hospital length of stay?   It was 

hypothesized that patients with better pain control would have shorter lengths of stay. 

6.  Is there a relationship between pain control and type of discharge disposition ( the 

likelihood of discharge to home rather than to sub-acute care)?   It was hypothesized that 

patients with better pain control would be more likely to be discharged to home.        

1.7 Definition of terms 

 

 The following terms were defined for the purpose this study: 

 

 Pain: “an unpleasant sensory or emotional experience associated with actual or 

potential tissue damage, or described in terms of such damage.”
52 
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 Postoperative pain: Postoperative pain is a complex response to tissue trauma 

after surgery that stimulates hypersensitivity of the central nervous system. 

 Pain intensity: Degree of pain reported by the patient based on the NRS scale.  

 Nociception: Nociception is defined as the neural process of encoding and 

processing of noxious stimuli. 
50

 

 Nociceptor: A nociceptor is a sensory receptor that reacts to potentially damaging 

stimuli by sending nerve signals to the spinal cord and brain.
53

  

 Analgesia: Absence of perception of pain. 

` Analgesic: Drugs that produce analgesia 

 Numerical Rating Scale (NRS): Pain rating scale from 0 (no pain) to 10 (most 

severe pain imaginable) used to measure pain intensity. 

 Length of Stay (LOS): Length of stay is the number of days spent in the hospital 

from admission to discharge to home or transfer to a rehabilitation facility. 

1.8 Assumptions 

 

 Preliminary data showed that documentation of pain assessment for all patients  

 

admitted to the study surgical ward did increase during the ENS study period.
22

 In  

 

addition to that assumption, the following assumptions were also made: 

 

1. VA medical records reflect care that was actually delivered. 

2. All nurses on the study unit utilized ENS throughout the study period. 

3. Nurses accurately used NRS as designed and per VA protocol to measure pain 

intensity. 

4. Patients are able to accurately report pain level using NRS. 
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5. Patients during the pre- and during ENS periods received medical, nursing, and 

pain management care that was otherwise identical, aside from the institution of 

ENS. 

6. Patients during the pre- and during ENS periods did not experience any difference 

in complications that would contribute to pain or prolonged hospitalizations.  

7. Patients during the pre- and during ENS periods were similar with regard to 

medical and psychiatric comorbidities, and that similar numbers of patients were 

receiving similar amounts of opioids for pre-operative analgesia. It is known that 

individuals receiving higher daily doses of opioids on a chronic basis will require 

higher doses of opioids during the post operative period than patients who were 

not receiving opioids on a chronic basis preoperatively. 

8. Nursing staff turnover was minimal or unchanged pre and during implementation 

of ENS. 
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CHAPTER 2  

REVIEW OF THE LITERATURE 

2.1 Overview 

 

 Pain management remains a challenge to hospitals and health care institutions  

 

despite recommendations from published research and specific guidelines that show that 

performance of an adequate pain assessment ultimately results in a decrease in patients 

overall pain levels. The following literature review summarizes the available theoretical 

and empirical literature to illustrate the physiological pathological processes associated 

with nociception, its impact on comorbidities, influence of anesthetics and analgesics on 

nociception, effect of uncontrolled pain on clinical outcomes and the pain management 

strategies currently used by health care organizations.  

2.2 Nociception and its impact on comorbidities 

 

  The process of nociception or pain transmission is mediated by primary afferent  

 

neurons of the somatosensory system. The specialized endings of these primary afferent 

neurons are called nociceptors and they are located in skin, muscle, the fascia adventitia 

of blood vessels, joints, viscera, dura and joints.
54

 Nociception begins with the initial 

detection of noxious, chemical, mechanical or thermal stimuli at the peripheral receptive 

terminals. These stimuli lead to opening or gating of action channels in the neuronal 

membrane. Gating produces an inward current of Na
+
 and Ca

2+
 ions into the nociceptor 
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terminal. If this depolarizing current is sufficient to activate voltage-gated Na
+
 channels, 

they too will open, thus further depolarizing the membrane and initiating a burst of action 

potentials that are then conducted along the sensory axon to the dorsal horn of the spinal 

cord. Thereafter, these impulses are transmitted to spinal neurons, the brainstem, the 

thalamus, and the cortex.
55  

The tissue injury after hip or knee surgery produces inflammation, characterized by 

redness, warmth, swelling, and pain. It is a complex interaction between damaged 

endothelial cells, white blood cells, platelets, sympathetic efferents, and primary sensory 

afferent neurons. These inflammatory mediators initiate signaling cascades on specific 

cellular targets leading to vasodilation and increased vascular permeability of the 

microvasculature which results in redness, warmth, and swelling. In addition, the 

inflammatory mediator-initiated sensory neuron signaling enhances sensory neuron 

background activity, lowers mechanical and thermal thresholds, and increases activity in 

response to suprathreshold stimuli, resulting in peripheral sensitization.
56 

 
The pain transmission in elderly veterans is often complicated by multiple 

comorbidities such as diabetes, hypertension, substance abuse, and psychiatric illnesses. 

Although factors leading to the development of peripheral neuropathy in diabetes are not 

understood completely, it is generally accepted to be a multifactorial process. The 

segmental demyelination is the main pathological change associated with diabetic 

peripheral neuropathy. Although some studies reported an association between increased 

blood pressure levels and hypoalgesia in the experimental animal and in man, the relation 

between pain perception and cardiovascular function remains obscure.
59   

Recent evidence 

has begun to suggest that hypoalgesia is not a consequence of high blood pressure, as the 
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phenomenon of hypoalgesia often precedes the onset of hypertension in individuals at 

risk for the disorder. Hypoalgesia is argued to be the result of dysregulation of central 

nervous system structures involved in both pain control and cardiovascular regulation in 

individuals who are genetically predisposed to develop high blood pressure.
58, 59  

 The pain processing within the central nervous system involves many complex 

processes and is influenced by genetics, interaction of neurotransmitters and their 

receptors, and pain- augmenting and pain-inhibiting neural circuits. The patient's 

emotional experiences, beliefs and expectations also determine the perception of pain. 

Research shows patients with history of substance abuse and/or mental health problems 

tend to have higher intensity of pain compared to those without a history of substance 

abuse and/or mental health illness.
60 

2.3 Anesthetics and analgesics and their impact on pain transmission 

 

 The inhalational and intravenous (IV) anesthetic agents impact the pain  

 

transmission and modulation by their effects on the spinal cord. During surgery, they 

abate movement in response to noxious stimuli by depressing spinal cord functions. 

Although previous research had shown that both inhalation and IV anesthetic agents 

affect spinal cord processing and modulate the response to nociceptive stimuli, their 

actual mechanism of action is debatable.
61,62 

Local anesthetics act by reducing the 

transmission of noxious stimuli to the spinal and to the higher brain centers. They 

completely block or minimize the pain perception at the source for hours depending upon 

the type of local anesthetic used.
63 

  The most commonly used analgesic during and after hip and knee surgery are 

opioids.  The principal effect of opioid on the pain transmission and modulation is by 
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decreasing the neurotransmission. The occupation of opioid receptors by opioid agonists 

initiates the intracellular biochemical events resulting in increased potassium currents 

leading to hyperpolarization and calcium channel inactivation or both. These events 

produce an immediate decrease in the neurotransmitter release. The action of opioids in 

blocking pain transmission is dependent on where the opioids are placed. For example, 

intra-articular placement of morphine primarily blocks the opioid receptor on the 

peripheral end of primary afferent neurons and produces prolonged analgesia after hip 

and knee surgery. However, the neuraxially placed opioids acts primarily on the mu 

receptors of substantia gelatinosa of the spinal cord to produce analgesia.
64

Another class 

of analgesic used to control pain during and after hip and knee replacement surgery is 

non steroidal anti-inflammatory drugs (NSAID). They work by inhibiting the formation 

of prostaglandins (PGEs) from arachidonic acid by an enzyme Cyclooxygenase (COX). 

Inhibition of cyclooxygenase activity and the resulting decrease in the peripheral 

synthesis of prostaglandin thereby reduces the inflammatory response, peripheral 

nociception and pain perception.
65

 

2.4 Impact of Anesthetics and Analgesics on Aging and Co-morbidities 

 

The majority of veterans who undergo hip and knee replacement surgeries and  

 

spine surgeries are elderly with multiple co-morbidities which affect the 

pharmacodynamics and pharmacokinetics of these medications. The mechanisms causing 

differences of analgesic action in the elderly may be complex. They may have many 

systemic diseases that affect the central and peripheral nervous system as well as a 

decrease in the overall number of neuronal dendrites and synapses which decline with 

age. Because of a decline in dopaminergic, serotonergic, cholinergic and GABAergic 
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transmitters, analgesics may produce an increase in efficacy when given in usual doses. 

In addition, there is also a reduction in cerebral blood flow (CBF), which can have a 

detrimental effect on the way analgesics are used and processed within an elderly 

population.  Therefore the pharmacodynamic and pharmacodynamic factors such as 

increased response at opioid receptor sites coupled with decreased CBF have to be 

considered when prescribing opioids in the elderly.
66

   

The elderly are more sensitive to the effects of opioids due to pharmacokinetic 

factors such as a higher proportion of unbound and active opioid agents which result in 

higher serum levels of opioids as well as changes in drug redistribution. Renal and 

hepatic impairment lead to change in the volume of distribution of the drug and the 

accumulation of the biotransformation products. Patients with hepatic failure and low 

albumin concentration show abnormal elimination kinetics for acetaminophen.
66

The 40 

% reduction in stroke volume in the elderly is responsible for prolonged metabolization 

of analgesics, and a lower rate of inactivation over time followed by an increase in 

duration of effects.  Most of the patients have multiple co-morbidities such as diabetes, 

hypertension, cardiovascular and respiratory diseases, mental health and substance abuse 

problems; consequently, polypharmacy and interaction between analgesics and the 

routine medications should be considered while prescribing medications.
66

  

 In addition, elderly patients are at greater risk for the serious adverse events 

associated with the use of NSAIDs such as erosion of gastric mucosa, decreased blood 

flow to kidneys, reduced excretion of water and prevention of platelet aggregation. The 

risk may increase with duration of use and underlying risk factors for heart and blood 

vessel disease.  The use of anticoagulants during the postoperative period makes them 
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especially prone to develop bleeding diatheses.
67

 Therefore careful titration of analgesics 

to effect and close monitoring of vital signs to prevent adverse events are an essential part 

of the postoperative care in elderly veterans. 

2.4.1 Effects of Uncontrolled Pain on Clinical Outcomes 

 Inadequate pain management can have profound physiological, psychological and 

economic implications. Unrelieved pain can increase morbidity and mortality as well as 

costs and decreases the quality of life. It is a major but avoidable public health problem.
1
 

The physiologic effects of unrelieved pain include deep vein thrombosis, pulmonary 

embolism, coronary ischemia, myocardial infarction, pneumonia, poor wound healing, 

insomnia and demoralization.
29,68

  Elderly are more at risk to develop adverse clinical 

outcomes due to increased incidence of ischemic heart disease, decreased ventilatory 

reserve, and altered drug metabolism, response, and excretion.
69-71

 Inadequate pain 

control can also lead to the development of contractures, reduced mobility, and the need 

for assistance with activities of daily living (ADLs).The psychological consequences 

include anxiety, depression, feelings of hopelessness, helplessness and even requests for 

physician assisted suicide.
36

 Family coping and functioning are also affected by 

inadequate pain control. Social isolation, marital conflicts, resentment and despondency 

among family members are some of the negative effects of uncontrolled pain.
72

 

Unrelieved acute pain may also lead to chronic pain. Previous research has shown that 

uncontrolled pain is directly linked to long term pain problems.
23, 36, 37, 1, 73-75

 Therefore, 

aggressive control of acute pain is important in preventing chronic pain. Inadequate pain 

management also creates financial burden on the health care system as well as the society 

as a result of extended length of hospital stay, readmissions and visits to outpatient clinics 
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and emergency rooms. In addition, inability to work, and loss of income and access to 

health insurance increases the cost of disability programs.
1, 76

  

2.4.2 Effects of analgesia on clinical outcomes in TKA, THA, Laminectomies,  

         Fusions, abdominal surgeries  
 

The prevalence of TKA and THA are rapidly increasing in the US with 381,000  

 

knee arthroplasties and 193,000 hip arthroplasties in 2002.
77

 Although chronic pain due 

to degenerative joint disease (DJD) are the  most common reason for joint replacement 

surgeries, it can also occur after the surgery. The incidence of chronic pain after joint 

surgeries accounts for 10-30%.
78-80

The federal Medicare program reveals a 15 fold 

increase in complex spine surgery from 2002-2007. The rise of fusion surgery increased 

fastest among elderly with a 230% rise for age greater than 60, 180% rise for age 40-60 

and a 120% rise for age less than 40 years.
81

 It is estimated that 10-20% patient develop 

post laminectomy syndrome after spine surgeries.
82

  The most common reason for 

chronic pain in postsurgical patients is the uncontrolled postoperative pain.
83,84

  The 

success of early ambulation and rehabilitation lies on effective postoperative analgesia.
80

  

Moreover, an observational study conducted  by Morrison et.al in geriatric patients with 

hip fracture revealed that improved pain control may decrease length of stay, enhance 

functional recovery, and improve long-term functional outcomes.
85

  

2.5 Strategies for adequate pain management  

 

Despite the availability of effective drugs and other therapies, pain continues to be  

 

undertreated.  Traditional pattern of professional practice such as failure of staff to 

routinely assess, reassess and document pain and the common view that pain is an 

expected and insignificant symptom are the most intractable barriers to effective pain 

management. To ensure adequate pain relief, health care institutions must address these 
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barriers and formulate effective pain management strategies. Adequate pain management 

saves precious health care dollars and resources.
1 

 
The aim of postoperative pain management is to relieve pain so that normal 

functions, including ventilation, gastrointestinal function, coughing, and mobility, are 

minimally impaired.
74

 Effective pain management improves the clinical as well as the 

economic outcomes. Many health care organizations such as World Health Organization, 

the Agency for Health Care Policy and Research, American Society of Anesthesiologists 

and American Pain Society have published guide lines for effective pain management. 

These guidelines promote aggressive management of acute pain, patient and personnel 

education as well as the standardization of procedures for pain management.
86

 The Joint 

Commission on Accreditation of Health Care Organizations (JCAHO) standards for pain 

management is a powerful tool for making effective pain control a reality. Each health 

care setting evaluated by JCAHO must comply with these standards for successful 

accreditation. The highlights of JCAHO standards for assessment and management of 

pain are listed below: 

 Identify pain relief as a primary organizational priority. 

 Establish assessment, reassessment, and management of pain as every patient’s 

right. 

 Assess all patients routinely for pain. 

 Record assessment data in a way that facilitates reassessment and follow up. 

 Educate all relevant clinical staff on pain management and reeducate as necessary. 

 Ensure competency of relevant clinical staff. 
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 Educate patients and families on the importance of pain management as part of 

care. 

 Adopt policies to ensure appropriate prescriptions/ orders for the use of 

medications and technology. 

 Do not permit pain to interfere with optimal level of function or rehabilitation. 

 Include pain and symptom management in discharge planning. 

 Develop quality improvement projects to monitor progressive compliance.
4
 

Although TJC standards, guidelines and the concept of pain as the fifth vital sign has 

been widely used, a retrospective review of medical records to compare the pain 

management before and after implementation of the P5VS in a single VA Medical Center 

revealed that the P5VS initiative did not improve the quality of pain management in the 

outpatient medical clinic.
5
 

 Institutional commitment to pain management is necessary for adequate pain 

relief. A single group pre-test post-test design study conducted in three Dutch hospitals 

used a Pain Monitoring Program (PMP) to improve the nurses’ communication, 

assessment and documentation of acute pain in hospitalized patient. The PMP consisted 

of educating nurses about pain and pain management and implementation of daily pain 

assessment by nurses using Numeric Rating Scale (NRS).  The results of this study 

reconfirmed the findings of studies by Solberg,
87

 Ger et al.,
88

 and Au et al.
89

  that the 

educational program improved the nurses’ assessment of patients’ pain and 

documentation.
87-89

 However, other research did  not find educational program as an 

effective strategy to improve pain assessment and documentation.
89,90

 A descriptive 

correlational study to determine the effect of an educational intervention in changing the 
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knowledge, attitudes and practice behaviors of RNs found out that the improvement in 

nurses’ knowledge and attitudes about pain assessment and management reverted back to 

pre-intervention levels after 3 months.
91

 Therefore, barriers for effective pain 

management cannot be addressed by education alone. 

  Effective pain assessment and documentation tools have great influence in 

adequate pain control. A pilot study conducted at an inpatient oncology unit to test the 

effectiveness of systematic pain assessment tool (PAT) and pain flow sheet revealed that 

patients in the experiment group in which the PAT and flow sheet were tested 

experienced lesser pain compared to control group.
92

 A similar strategy was piloted in 

VAMC, Baltimore where ENS was used to remind the nurses for pain assessment and 

documentation. 

2.6 Summary of literature review 

 

  In summary, effective postoperative analgesia is an integral part of postoperative  

 

recovery. Despite interventions to improve provider’s knowledge and documentation, 

acute pain control remains a problem. Institutionalization of pain management practices 

by incorporating basic principles of pain assessment and treatment into patterns of daily 

practice including documentation systems, policies and procedures, standards of practice, 

orientation and continuing education programs, and quality improvement programs is 

essential to address the patients’ rights to assessment, treatment, reassessment, and 

follow-up for pain.
10

 In an effort to improve the pain assessment, reassessment and 

documentation, an Electronic Notification System (ENS) was tested in a surgical ward of 

Veterans Medical Center, Baltimore. Although ENS improved documentation of pain 

assessment and reassessment by nurses, the effect of ENS on patient outcomes such as 
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pain relief, total analgesics used, length of hospital stay, and patients’ functional status 

remained unknown. Therefore this study filled the gap in the literature by evaluating the 

effect of ENS on clinical as well as economic outcomes.  
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CHAPTER 3 

METHODS 

3.1 Overview 

 

 Retrospective analyses of existing data based on chart review were utilized to  

 

conduct this study. The following research questions were addressed: 

1. Is there a difference in frequency of pain measurements during ENS period as 

compared to pre-ENS period for patients undergoing joint replacement or spinal 

procedure? 

2. Is there a difference in pain intensity during ENS period as compared to pre-ENS 

period for patients undergoing joint replacement or spinal surgery?   

3. Is there a difference in analgesic medication use during the ENS study period as 

compared to the pre-ENS period for patients undergoing joint replacement or spinal 

surgery?   

4. Is there a relationship between pain control and the number of scheduled physical 

therapy sessions attendance? 

5.  Is there a relationship between pain control and the hospital length of stay? 

6. Is there a relationship between pain control and the likelihood of discharge to home 

rather than to sub-acute care? 
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3.2 Study design 

 

 This study was a retrospective, descriptive, correlation design using secondary  

 

data to evaluate the effect of ENS on postoperative pain measurements, pain intensity, 

total analgesic used, and LOS. It identified two groups of patients: surgical in-patients 

undergoing TKR, THR, laminectomies and spine fusions before the ENS study period 

(T1) and during the ENS (T2) study period.  

3.3 Power Analysis 

 The sample size was calculated based on the primary outcome measure, pain 

intensity level. As there were no prior research that tested on ENS, the study by Faries et. 

al.
93

 was used to guide the power analysis. In this study the researchers examined the 

impact of a systematic pain assessment tool and pain flow sheet on pain management. 

The patients for the control group and treatment group were selected from a medical 

oncology unit. The treatment group reported significantly lower average pain and greater 

number of patients in the treatment group reported decreased pain intensity (85%) 

compared to the control group (57%). Since the pain experiences of the orthopedic 

patients may vary from the cancer sample, a power analyses was conducted using 

differing assumptions of decrease in pain intensity, but keeping desired power of .08 and 

alpha of 0.05. As summarized below, assuming a moderate difference in proportion of 

pain intensity control before and after, 66 subjects would be needed before and after for a 

tailed test.  As summarized below in Table 3.1, assuming a moderate difference in 

proportion of pain intensity control before and after, 66 subjects would be needed before 

and after for a tailed test.   
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Table 3.1: Power analysis 

 Proportion 

1 

Proportion 2 Sample 

required per 

group (1-tail) 

Sample 

required per 

group (2-tail) 

Large difference (.30) .85 .55 34 42 

Moderate difference 

(.15) 

.85 .65 66 81 

Small difference (.10) .85 .75 215 268 

 

 Considering that covariates will need to be controlled for in this observational 

study, a simple difference in proportions is not adequate.  There are different formulas for 

calculating the number of needed subjects based on whether the focus is testing the model 

or testing individual predictors.  Since the focus of this study will be the individual 

predictor (e.g., a dummy variable for time period), the suggested formula is 104+k, where 

k represents the number of predictors.  Assuming that there will be 12 covariates, this 

would be 116 observations.  This would be consistent with the difference in proportion of 

patients who experienced decreased pain of 20% in a 1-tailed test. However, this does not 

take into account that the pain observations will be nested within patients. Even 

aggregating pain observations to days, patients will have an average between 2 and 6 

days of mean pain scores. Therefore, to conservatively achieve 80% analytical power to 

detect 30% difference, the study requires at least 66 patients in each group assuming a 1 

sided α of 0.05 to achieve power of .80.
94  

3.4 Sample  

 

 As shown in Figure 3.1, the sample for the ENS as well as control cohorts were 

 

selected from VAMC, Baltimore.   
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Figure 3.1: Sample selection 

 

                   

 

 

 

 

 

 

 

 

Patients who had undergone total hip or knee arthroplasties, lumbar and cervical 

laminectomies and fusions were studied to make the sample more homogeneous with 

regard to the type and duration of pain and common medications used to treat pain.  The 

medical records of post-surgical patients who had THR, TKR, laminectomy or fusion and 

abdominal surgeries admitted to 5B of BVAMC for a minimum of 72 hours from March 

17, 2008 to September 16, 2008 was selected as the T1 cohort. The T2 (ENS) cohort 

included patients who had same surgeries and admitted to 5B from September 17, 2008 

to March 17, 2009. Patients who are nonverbal, cognitively impaired and/ or, admitted to 

ICU during the immediate postoperative period as well as the patients who underwent 

surgical revisions and those who developed complications such as surgical site infections 

(SSI), DVT, prosthetic or hardware related complications, and dural tear was excluded 

from the study.  

Population 

Veterans 

Sample 

BVAMC 

T2 Cohort 

Patients admitted to 5B from 

Sep17, 2008 –March 16, 2009 

who had TKA, THA, 

laminectomy, and spine fusion  

 

T1 cohort 

Patients admitted to 5B from 

Mar17, 2008- Sept16, 2008 

who had TKA, THA, 

laminectomy and spine fusion  
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3.5 Measurement 

 The data source for the study was the Veterans Health Administration (VHA) 

Computerized Patient Records (CPRS). VHA is the largest integrated health care system 

in the United States which utilizes Veterans Health Information Systems and Technology 

Architecture (VistA), to collect and maintain the health information in each VA medical 

facility. The CPRS functions as a user interface for the information stored in the VistA. 

The data from VistA are extracted and maintained in a relational data base stored on an 

SQL server by the clinical informatics service of Veterans Affairs Maryland Health Care 

Systems (VAMHCS).  VistA  served as the primary data source. The data were extracted 

from the SQL server with the help of the clinical informatics service of VAMCHS after 

approval from the IRB and VA Research and Development (Appendix A). A waiver of 

consent was received from the IRB as the study posed only minimal risks to the 

participants.  A request was sent to VA Information Resource Management (IRM) to 

obtain the list of patients who had joint surgeries and spine surgeries and were admitted 

to 5B during the study periods. CPRS was used to identify the patients who had hip and 

knee arthroplasties, lumbar and cervical laminectomies and fusions and data were 

extracted manually from different fields in the CPRS. The data elements requested are 

listed in Table 3.2.  
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Table 3.2: Variables requested for the study 

Variables Measurement 

Patient characteristics  

Age Years 

Gender  

Race  

Body Mass Index Kg/m2 

Marital status  

Date of admission  

Date of discharge/transfer(DOD)  

Outcome measures  

T1- Average pain measurements  

T1-Average Pain intensity level Day1, 2, 3,4,5    

T2- Average pain intensity Day 1,2,3,4,5 

NRS  

T1-Total opioid received Day1, 2, 3, 4,5  

T2- Total opioid received Day 1,2,3,4,5 

Morphine 

equivalents 

mg  

Number of PT sessions attended  

T1, T2 and Length of hospital stay days 

Type of  discharge disposition Home or 

rehab  

Covariates  

Diabetes Present or 

absent  

Hypertension Present or 

absent  

DVT Present or 

absent 

SSI Present or 

absent 

Prosthesis  complications Present or 

absent 

Substance Abuse Present or 

absent  

Chronic Pain Present or 

absent  

Mental illness Present or 

absent  

Coronary Artery Disease Present or 

absent  

Preoperative opioid use Present or 

absent 
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After extraction, data were compiled to SPSS data file and stored in password protected 

VA share drive. 

3.5.1 Characteristics 

Patients’ age, gender, race, marital status, BMI, date of admission, and date of 

discharge/transfer were included in the data request. These variables were used to explore 

the confounding effect of patient characteristics on the outcomes.  

3.5.2 Outcome measures 

 With regard to the pain outcomes, the measures included the frequency of pain 

measurements, pain intensity, and the amount of pain medicine received. The NRS has 

been widely used in VHA to measure pain. It utilizes the numeric range from 0 to 10 or 0 

to 100 to quantify the pain intensity. The NRS is a valid and reliable tool and may be 

administered in oral or written form.
95 

Within the VHA the standardized anchors, 0= no 

pain and 10= worst pain imaginable, have been used to ensure consistency across 

institutions and settings.
96

 The ratio level data obtained with NRS also allows greater 

latitude in analysis.
97 

A composite pain score was calculated from time of admission to 

5B in non-PCA patients and PCA end time in PCA patients  to postoperative day 5 by 

taking the average of the pain measurements and pain intensity scores for each day.
94

  For 

descriptive purposes, pain was also recoded into ordinal categories. Although many 

researchers used different cut off values to determine the mild, moderate, and severe pain, 

for the purpose of this study, the recommendations by Jones et al.
98

 was used to classify 

different pain levels. The pain levels to be used will be 0= no pain, 1-3= mild pain, 4-6= 

moderate pain, and 7-10= severe pain.  

 The second outcome measure was total opioid analgesic received by the patient. 
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There were several equianalgesic dose charts available in the literature to convert the 

narcotics into morphine equivalents.
100-103

 However for the proposed study, the 

equianalgesic dose chart by Foley
104 

was used to convert the total opioids received by the 

patient into morphine equivalents. The total opioid analgesic received by the patient 

during the entire hospital stay was obtained from CPRS. 

 The number of PT sessions attended was measured and compared between the 

groups. Because the number of Pt sessions varied by type of surgery, a dummy variable 

was created to represent patients who attended less than 33% of scheduled PT sessions. 

The study also measured the effect of ENS on the length of hospital stay   (LOS). The 

patients’ LOS at the VA Medical Center, Baltimore was included in the measurement and 

the LOS was measured as days. Discharge disposition was measured as discharged to 

home or rehabilitation facility.    

3.5.3 Covariates 

 In order to control for potential confounding, several covariates were measured. 

The active problems recorded in the CPRS at admission were extracted and recoded as 

dummy variables. The coded co-morbidities associated with elderly veterans included 

diabetes, hypertension, chronic pain, preoperative opioid use, mental health problems, 

coronary artery disease and substance. 

3.6 Data Analysis 

 The data analysis was done using SPSS 21.0.  Data were screened for missing 

values and test assumptions such as normality, multicollinearity and linearity. If the data 

were not normally distributed, non-parametric statistical tests were utilized for analysis.  

 Descriptive statistics compared the characteristics of the 2 groups. Descriptive 
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statistics were also used to describe the frequency of the assessments, pain scores, 

analgesic use, and other characteristics of the intervention. Bivariate analysis was used 

initially to explore the relationship between the demographic variables, the covariates, 

and the outcomes. Variables that met the significance of p <.20 at the bivariate level was 

retained for multivariate analyses. Linear Mixed Models (LMM) were used to examine 

the effect of ENS on the interval outcomes with repeated measures including pain 

frequency and pain intensity. The data analysis approach for each research question is 

summarized below. 

1. Is there a difference in frequency of pain measurements during the ENS period as 

compared to the pre-ENS period for patients undergoing joint replacement or spinal 

procedure? 

 Descriptive statistics illustrated the T1 and T2 average pain measurements on day 

1- 5. LMM were developed to find the relationship between the frequency of pain 

measurements and ENS status after controlling the variables significantly related to 

frequency of pain measurements. Covariates were also included if they were found to 

have a p<.20 in bivariate testing.   

2. Is there a difference in pain intensity during the ENS period as compared to the pre-

ENS period for patients undergoing joint replacement or spinal surgery?   

 Descriptive statistics illustrated the T1 and T2 average pain score on day 1-5. 

MLM was used to test the relationship between the pain scores and ENS status after 

controlling for the variables significantly related to the frequency of pain measurements. 

Covariates were also included if found to have a p<.20 in bivariate testing.   
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3. Is there a difference in analgesic medication use during the ENS study period as 

compared to the pre-ENS period for patients undergoing joint replacement or spinal 

surgery?   

   Similar to the analyses for pain intensity, differences in the total pain medicine 

used between the two time periods were examined descriptively and Independent 

Samples Mann-Whitney U was used to find the difference in analgesic medication use 

during the ENS study period as compared to the pre-ENS period as the data was not 

normally distributed. 

4. Is there a relationship between pain control and the number of scheduled physical 

therapy sessions attendance? 

 A variable was created to represent the percentage of PT sessions attended of 

those scheduled. Because the number of Pt sessions varied by type of surgery, a dummy 

variable was created to represent patients who attended less than 33% of scheduled PT 

sessions. Exploratory logistic regression modeling was conducted to explore the 

predictors of PT attendance. 

5.  Is there a relationship between pain control and the hospital length of stay? 

 As LOS was not normally distributed the variable was transformed to logLOS. 

The Multiple regression models were used to find the relationship between pain control 

and the hospital length of stay. Covariates were also included if they were found to have 

a p<.20 in bivariate testing.    

6.  Is there a relationship between pain control and the likelihood of discharge to home 

rather than to rehab care?  
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 Logistic regression models were used to find the relationship between pain 

control and the likelihood of discharge to home rather than rehab care. Covariates were 

also included if they were found to have a p<.20 in bivariate testing.    

3.7 Protection of Human Subjects 

 A research protocol, Efficacy and Nursing Satisfaction with an Electronic 

Notification System for Inpatient Pain Documentation (HP-00042185) was approved by 

the Institutional Review Board of University of Maryland and Veterans Affairs Research 

and Development. As this secondary data analysis needed identifiers only to identify and 

link electronic data and then be destroyed, a waiver of consent was approved.  This study 

posed only minimal risk to the participants except some risk of loss of confidentiality of 

patients’ medical information during data abstraction. No personal health information 

was recorded in the data abstraction. The data were stored on password protected servers 

behind the VA firewall and only investigators had access to the patient identifiers. The 

data set was maintained behind the VA firewall and will be destroyed at the end of the 

study. Any published data will be de-identified and published in aggregate form. 
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CHAPTER 4  

FINDINGS 

The results of the study are summarized in this chapter.  The characteristics of the 

patients studied in the pre-ENS sample are compared to the characteristics of the patients 

during the ENS use.  Since the use of PCA is an important confounding factor in pain 

control, the sample is further divided by PCA and Non-PCA groups for most analyses.  

After the description of the sample, the findings are organized by research questions. 

4.1 Sample Characteristics  

The total sample represented 208 patients who had joint replacement (TKA, 

THA) or a selected spinal procedure (cervical or lumbar laminectomy or fusion) and were 

admitted to the study surgical ward.  The ENS sample included 113 patients who were 

admitted to 5B from September17, 2008 to March 16, 2009. The pre-ENS sample 

included 95 patients who were admitted from March 17, 2008 to September 16, 2008. 

The groups were further divided into PCA and non-PCA based on whether they had PCA 

postoperatively, although this was strongly associated with the type of procedure. There 

were 44 PCA patients and 51 non-PCA patients in the pre-ENS group, whereas the ENS 

group had 57 PCA and 56 non-PCA patients. To compare more homogeneous groups, 

most analyses examined PCA patients and non-PCA patients separately.  The sample  

characteristics are depicted in Table 4.1.  



37 

 

Table 4.1: Sample characteristics by PCA and ENS groups 
Demographic characteristics PCA 

 

Non-PCA 

 Pre- ENS 

N=44 

ENS 

N=57 

p Pre- ENS 

N=51 

ENS 

N=56 

P 

 

Age, mean (SD) 65.2 (9.1) 60.6 (12.2) .078 55.4 (10.7) 53.9 (9.8) .956 

BMI 29.4 (4.2) 30.5 (5) .179 28.5 (4.4) 27.0 (5.2) .223 

Gender, n (%)       

  Male 43 (97.7) 54 (94.7) .412 45(88.2) 51(91.1) .434 

  Female 1 (2.3) 3 (5.3)  6(11.8) 5(8.9)  

Race, n (%)       

  White 25 (56.8) 30 (52.6) .357 28 (54.9) 27 (48.2) .621 

  Black 14 (31.8) 21(36.8)  20 (39.2) 26 (46.4)  

  Other 2(4.5) 0  0 1 (1.8)  

Marital status, n (%)       

  Married 18 (40.9) 20 (35.1) .347 26 (51.0) 20 (35.7) .081 

  Single 26 (59.1) 37 (64.9)  25 (49.0) 36 (64.3)  

Surgical characteristics       

Surgery, n (%)   .868   .297 

  TKA 21(47.7) 24 (42.1)  0 0  

  THA 10 (22.7) 11 (19.3)  0 0  

Cervical laminectomy- level 0 0  0 0  

  One     0 1 (1.8)  

  Two     1 (2) 2 (3.6)  

  Three and more level    1 (2) 1 (1.8)  

Cervical fusion- level       

  One  0 1 (1.8)  14 (27.5) 20 (35.7)  

  Two  1 (2.3) 3 (5.3)  9 (17.6) 15 (26.8)  

  Three and more 1 (2.3) 3 (5.3)  3 (5.9) 4 (7.1)  

Lumbar laminectomy- level       

  One 0 2 (3.5)  8 (15.7) 7 (12.5)  

  Two 1 (2.3) 0  8 (15.7) 3 (5.4)  

  Three and more 0 2 (3.5)  5 (9.8) 1 (1.8)  

Lumbar fusion- level       

  One 5 (11.4) 7 (12.3)  2 (3.9) 2 (3.6)  

  Two 3 (6.8) 3 (5.3)  0 0  

  Three and more 2 (4.5) 1 (1.8)  1 (2) 0  

Co-morbidities n (%)       

Diabetes,  9 (20.5) 10 (17.5) .452 7 (13.7) 5 (8.9) .316 

Chronic pain 29 (69.0) 56 (98.2) .000 45 (88.2) 56 (100) .008 

Substance abuse 18 (40.9) 23 (40.4) .558 31 (60.8) 33 (58.9) .501 

Mental illness 21 (47.7) 31 (54.4) .507 29 (56.9) 18 (32.1) .01 

Pre-op Medicines n (%)       

Opioids 15 (36.6) 15 (27.3) .330 15 (31.9) 17 (33.3) .881 

Non opioids 23 (52.3) 29 (51.8) .961 32 (64) 42 (75) .218 

Note. Independent t was used to test differences in interval level variables and Chi- 

 

 

The average age of the PCA patients in pre-ENS (65.2 years) and ENS (60.6 years) group 

were not significantly different. Likewise, the mean age in the pre-ENS (55.4 years) and 
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in the ENS (53.9 years) group of non-PCA patients were not significantly different. On 

average the mean age of non-PCA group was lower than the PCA group because the 

patients in PCA group were those who had joint replacements and multilevel lumbar 

spinal fusions and these patients are generally older. The average BMI of the PCA group 

in pre-ENS and ENS group were 29.4 and 30.5, and that of non-PCA group was 28.5 and 

27, respectively.  The majority of the sample was male in both groups, since the hospital 

serves veterans and their families. Of the 208 patients, only 15 (7.2%) were female. More 

than half of both PCA (pre-ENS-56.8%, ENS-52.6%) and non PCA patients (pre-ENS-

54.9%, ENS- 48.2%) were Caucasian, with a third or more being African-American. 

Between one-third and one-half of the four groups were married.  None of the 

demographics showed significant differences when comparing pre-ENS to ENS within 

PCA versus non-PCA groups.  Square test of independence was used to test the 

differences in nominal level variables. 

The surgical characteristics, however, do vary since the nature of the surgeries is 

related to the type of analgesia used. In the PCA group, the majority (65.4%) of patients 

had TKA and THA, whereas in the non-PCA group, the majority of the patients had 

cervical fusions (60.8%) and a smaller proportion (29.9%) had lumbar laminectomies. 

The proportion of the patients with co-morbidities such as diabetes and substance abuse 

was similar in both pre-ENS and ENS group. The proportion of patients with mental 

illness was significantly higher in pre-ENS group (56.9%) compared to ENS group 

(32.1%) of non-PCA patients (p=.01). Not surprisingly, the overwhelming majority of 

patients reported having chronic pain. The proportion of patients reporting that they used 
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pre-operative opioids and non-opioids were similar in both pre-ENS and ENS groups, 

approximately a third.  

4.2 Research question 1 

Is there a difference in frequency of pain measurements during ENS period as 

compared to pre-ENS period for patients undergoing joint replacement or spinal 

procedure? 

4.2.1 Descriptive analysis of pain measurements for pre-ENS and ENS groups  

 Descriptive data analysis was conducted to explore the pain measurements in 

PCA and non PCA patients of pre-ENS and ENS groups. The frequency of pain 

observations were normally distributed among the pre-ENS group of non-PCA as well as 

PCA patients for all days. However, for the ENS group of PCA patients, the frequency of 

pain observations were skewed for Day 1 (skewness-1.914), Day 2 (skewness-1.938), and 

Day 3 (skewness-1.51). The detailed descriptive statistics for the pain measurements 

from Day 1 to Day 5 are depicted in Tables C4.1 and C4.2 of Appendix C. It should be 

noted that there were only four patients with observations on the day of surgery (Day 1) 

in the PCA group (both pre-ENS and ENS) reflecting the reliance on PCA for pain 

management in the majority of patients. Only pain assessments after discontinuation of 

PCA were included in the analysis to isolate the ENS effect.  The number of observations 

also dropped in successive days as the patient were discharged.  Therefore, the analyses 

assessing changes in observations and pain scores were limited to day 1 to day 3 for the 

nonPCA group, primarily patients undergoing spinal procedures who are discharged 

within 3 days.  For the PCA group, analyses assessing changes in observations were 
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limited to day 2 to day 5 since these patients are primarily joint replacements who have 

PCA removed on day 2 and have a longer LOS.  

Figure 4.1 illustrates the change over time in the mean number of pain 

observations for the non-PCA group, primarily patients undergoing spinal procedures.  

Figure 4.1: Pain observations of pre-ENS and ENS group of non-PCA patients for Day 1, 

       Day2 and Day 3 

 

 The mean number of observations in the pre-ENS period was 10.4 on the first postop 

day, 8.7 on the second postop day and 6.9- on the third postop day.  During the ENS 

period, there were fewer observations in the first postop day (9.4) but there was not a 

drop in postop day 2 (7.4) as was seen in the pre-ENS period.  Moreover by the third 

postop day, the average number of observations was as compared to 7.5 in the pre-ENS 

period. The outliers in both pre-ENS group and ENS group had history of substance 

abuse and chronic pain.  
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 Figure 4.2 illustrates the change over time in the mean number of pain 

observations for the PCA group, primarily patients undergoing joint replacement.  

Figure 4.2: Pain observations of pre-ENS and ENS group of PCA patients on  

      Day 2- Day 5 

 

The pre-ENS group had 4.7 observations on postop day two, 6.3 on postop day three, 5.5 

on postop day four, and 6.8 on post op day five.  The ENS group had more pain 

measurements compared to the pre-ENS group after day two, increasing from 7.2 on day 

three, to 7.6 on day four, and 7.9 on day five. The mean pain observations were 

significantly higher in ENS group compared to pre-ENS group on Day 4  

(t (75)= -2.47, p= .03). The outliers in ENS group had previous history of substance 

abuse, mental illness, chronic pain and pre-operative opioid use. 
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4.2.2 Testing differences in frequency of pain measurements between the pre-ENS 

         and ENS patients 

 

Bivariate correlational analyses were conducted to further explore the relationship 

 

of demographic and clinical variables to frequency of pain measurements using simple 

LMM. The result of correlational analysis is depicted in Appendix Tables C4.3 for the 

non-PCA patients. Variables thought to influence the frequency of pain measures were 

examined including age, mental illness and chronic pain. Among non-PCA patients, there 

were significant relationships between the frequency of pain measurements on day one 

and age (r =-.212), day one and chronic pain (r = .235), and day one and two and mental 

illness (r= .230). 

The bivariate Pearson correlations for the PCA patients are summarize in 

Appendix Table C4.4.   Among PCA patients, femoral block was significantly associated 

with frequency of observations on day two (r=.388), day three (r = .379), and day five 

(r=.387).  Pre-operative opioid use was significantly correlated with the frequency of pain 

observations on day one (r=.319) and day two (r =.339).  Age was significantly correlated 

to frequency of pain observations on day four (r=-.236) and day five (r=-.206). ENS 

showed a significant positive relationship with the frequency of pain observations only on 

day four (r = .255).   

 Mixed linear models (MLM) were used to explore the relationship between the 

frequency of pain measurements and ENS status while controlling the variables 

significantly related to frequency of pain measurements in bivariate analyses. The data 

were restructured so that each row represents an observation, not a person. The model 

building stage primarily focused on the effect of time period (pre-ENS vs. ENS) although 

potential confounding variables were also assessed individually and in combination.  In 
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addition, covariance structures were examined. At each stage, model fit was assessed 

with changes in 2 Log Likelihood using a Chi Square distribution.   

The MLM for the non-PCA sample was limited to 3 postoperative days.  The null 

model without any predictors, showed an intra-class correlation (ICC) = .15, meaning 

that 15% of the variation in frequency of pain observations was due to the clustering of 

observations within individuals.  The covariance of mean observations over the 3 days 

showed significant moderate correlation between day one and day two (r=.405, p<.001, 

n=79) and day 2 and day three (r=.346, p=.029, n=40).   The final models predicting pain 

observations are summarized in Table 4.2.   

Table 4.2: Non PCA:  Linear mixed models of mean pain observations by ENS and  

      covariates (N=107) 

 Estimate (SE) T p-value 2LL 

Model 1    1322.534 

  ENS only  -.893 (.61) -1.345 .182  

Model 2      

  ENS  -1.049 (.66) -1.598 .113 1322.680 

  Age -.072 (.03) -2.225 .028  

Model 3    1316.356 

  ENS -.660 (.66) -.993 .323  

  Age -.062 (.03) -1.937 .055  

  Mental illness 1.550 (.67) 2.323 .022  

Model 4     1310.570 

  ENS -.973 (.68) -1.424 .157  

  Age -.052 (.032) -1.619 .108  

  Mental illness 1.374 (.67) 2.049 .043  

  Chronic Pain 2.604 (1.45) 1.793 .076  

Model 5 (random intercept and slope)  1308.068 

  ENS -.844 (.69) -1.231 .220  

  Age -.052 (.033) -1.582 .116  

  Mental illness 1.400 (.69) 2.028 .045  

  Chronic pain 2.330 (1.41) 1.656 .100  

 

In no model did ENS have a significant effect on the differences in frequency of pain  

 

observations. Although age was significantly related to ENS as well as frequency of 

observations on Day 1 in bivariate correlational analysis, it was non-significant when 
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entered into the equation. In the final best model, patients with mental illness had 1.4 

more observations while controlling for ENS, age, and chronic pain (t=2.028, p=.045). 

The MLM for the PCA sample was limited to postoperative days 2-5 since these 

would be the days when the PCA was discontinued.  The null model without any 

predictors, showed an ICC= .29, meaning that 29% of the variation in pain observations 

was due to the clustering of observations within individuals. The model building stage 

primarily focused on the effect of ENS on frequency of pain measurements, although 

potential confounding variables were also assessed.  The correlations of mean 

observations over the 3 days showed moderate correlation between day two and day four 

(r=.398, p=.004, n=51), day three and day four (r=.266, p=.021, n=75), and between day 

four and day five (r=.375, p<.001, N=69).   The final models predicting pain observations 

are summarized in Table 4.3.   

Table 4.3: PCA: Linear mixed models of mean pain observations by ENS and covariates  

                 (N=95) 

 Estimate (SE) T p-value 2LL 

Model 1 (random intercept)    1696.655 

  ENS only  .950 (.598) 1.589 .116  

Model 2 (random intercept)    1699.862 

  ENS  .359 (.700) .509 .613  

  Age -.041 (.027) -1.487 .140  

Model 3(random intercept)    831.194 

  ENS .307 (.704) .436 .665  

  Age -.039 (.039) -1.012 .317  

  Femoral Block 2.636 (.742) 3.554 <.001  

Model 4 (random intercept and slope)   772.843 

  ENS .352 (.772) .456 .651  

  Age -.043 (.042) -1.033 .308  

  Femoral Block 2.837 (.761) 3.727  <.001  

  Preadmit opioid -.025 (1.002) -.025 .980  

 

Fixed effects models improved with a random intercept but not with random slope so the 
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first four models were completed as fixed effects with random intercept.  In the model 

with only ENS as a predictor, ENS did not have a significant effect on the mean 

observations once clustering is controlled (t=1.589, p=.116).  ENS never showed a 

significant effect on the mean pain observations.  Femoral block was the only variable 

with a significant effect.  On average, patients with a femoral block had nearly 3 more 

observations while controlling for ENS, age, and preadmission opioid (t=2.837, p<.001). 

4.3 Research question 2 

Is there a difference in pain intensity during ENS period as compared to preENS 

period for patients undergoing joint replacement or spinal surgery?   

4.3.1 Descriptive analysis of pain intensity for pre-ENS and ENS groups  

 Among non-PCA patients, the descriptive data analysis indicated similar mean 

pain intensity score for both pre-ENS as well as ENS group. The results of the descriptive 

analysis for pain intensity by post op day are depicted in Tables C4.5 of Appendix C. The 

average pain intensity appears to be high on day one for both pre-ENS and ENS 

(mean=4.9 and 4.8, respectively). Pain intensity drops on day two for both pre-ENS and 

ENS (mean=4.2 for both).  However, for day three, the pain intensity continues to drop 

for the pre-ENS (mean=3.8) but increases for the ENS group (mean=4.3).  Figure 4.3 

illustrates the mean intensity scores for day one to day three.  
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Figure 4.3: Pain intensity scores for non-PCA group 

 

The outliers in both groups who reported less pain did not have a history of chronic pain 

or opioid use. 

 Among PCA patients, the average pain intensity scores of ENS group remains 

steady from day two to day five, as compared to the non-PCA patients. Descriptive 

statistics are summarized in Appendix C4.6.  For day two and day three the pain intensity 

scores are nearly identical between the pre-ENS and ENS groups.  On day four and day 

five the pain intensity is higher in the ENS groups when examining the means.  Figure 

4.4 illustrates the mean pain intensity scores for the PCA groups by ENS.  
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Figure 4.4: Pain intensity scores for PCA group 

 

The outliers in pre-ENS group who reported higher pain intensity had a positive history 

of pre-operative opioid use. However, the outliers who reported less pain did not take 

opioids pre-operatively.  

4.3.2 Testing the Difference of pain intensity in pre-ENS and ENS group 

Bivariate correlational analyses were conducted to further explore the relationship 

of demographic and clinical variables to pain intensity. The results of correlational 

analyses are depicted in Tables C4.7 for the non-PCA patients.  Age (r = -.269), BMI (r= 

-.248), and pre-operative opioid (r= .336) use had significant relationship with pain 

intensity scores of day one. Age and pre-operative opioid were also significantly 

correlated with day 2. Age was negatively correlated with pre-operative opioid use (r=-

.245). 
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To model the effect of ENS on pain scores in the non-PCA group, a similar LMM 

approach was used.   The null, model without any predictors showed an ICC=.126, 

meaning that 12.6% of the variation in pain scores was due to clustering of observations 

within individuals. The covariance of mean pain scores over the three days showed 

significant moderate correlations between day two and day three (r=.32, p=.02, n=40).  

At each stage, model fit was assessed with changes in 2 Log Likelihood using a Chi 

Square distribution.  The final models predicting mean pain scores are summarized in 

Table 4.4.   

Table 4.4: Non PCA:  Linear mixed models with fixed effects of mean pain scores by ENS  

      and covariates (N=107) 
 Estimate (SE) T p-value 2LL 

Model 1    856.101 

  ENS only  -.070(.21) -.336 .737  

Model 2      

  ENS  -.028(.21) -.137 .891 838.458 

  Age -.052(.01) -5.128 <.001  

Model 3     686.369 

  ENS -.119(.22) -.538 .591  

  Age -.049(.01) -4.430 <.001  

  BMI -.044(.02) -1.88 .061  

Model 4    629.686 

  ENS -.057(.23) -.251 .803  

  Age -.042(.01) -3.707 <.001  

  BMI -.055(.02) -2.264 .026  

  Pre-opioid .818(.25) 3.307 <.001  

 

Fixed effects models did not improve with random intercept or slope so all analyses were 

completed as fixed effects.  In no model did ENS have a significant effect on the mean 

pain score. Several potential confounders were examined including chronic pain, mental 

illness, age, BMI, and pre-op opioid use.  Age remained as a significant variable in all 

models with older age having significantly less pain in the final model (t=-3.707, 

p=<.001). The other significant predictors in the final model were BMI and pre-op opioid 

use. The mean pain scores were lower in patients who were heavier (t=-2.264, p=.026) 

and nearly one point higher in patients who used pre-operative opioids (t=3.307, p<.001). 
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Bivariate Pearson correlations between pain scores and potential influencing 

factors among PCA patients are summarized in Table C4.8. Among the PCA patients, the 

variables of interest were those that were significantly correlated with the pain intensity 

on some or all postop days. Day two pain intensity was significantly and positively 

correlated with mental illness (r=.313) and preopioid use (r=.461). Day three pain use 

was negatively correlated with age (r=-.319) and remained positively correlated with 

mental illness (r=.238). Day four pain intensity was negatively correlated with age (r= -

.369) and positively correlated with mental illness (r= .374) and  pre-operative opioid use 

( r= .365). Therefore, these variables were included in the model to find the relationship 

of ENS to pain intensity after controlling for the variables significantly related to pain 

intensity.  To model the effect of ENS on pain scores in the PCA sample, a similar LMM 

approach was used.   The null, model without any predictors showed an ICC=.36, 

meaning that 36% of the variation in pain scores in PCA patients was due to clustering of 

observations within individuals.  The covariance of mean pain scores over the three days 

showed significant moderate correlations between day two and day four (r=.41, p=.003, 

n=51), day three and day four (r=.514, p<001, n=74), day four and day five (r=.42, 

p<.001, n=68) and day three and day five (r= .508, p= <.001, n = 68). 

At each stage, model fit was assessed with changes in 2 Log Likelihood using a 

Chi Square distribution.  The final models predicting pain scores are summarized in 

Table 4.5.   
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Table 4.5: PCA:  Linear mixed models with fixed effects of mean pain scores by ENS and  

      covariates (N=95) 

 Estimate (SE) T p-value 2LL 

Model 1    1240.689 

  ENS only  .110(.22) .511 .61  

Model 2     1219.199 

  ENS  -.118(.21) -.562 .57  

  Age -.054(.01) -5.550 <.001  

Model 3    1205.898 

  ENS -.108(.21) -.526 .599  

  Age -.037(.01) -3.569 <.001  

  Mental illness .840(.22) 3.849 <.001  

Model 3     1129.184 

  ENS -.177(.21) -.827 .409  

  Age -.036(.01) -3.383 <.001  

  Mental illness .682(.24) 2.868 .004  

  Pre-opioid .593(.24) 2.494 .013  

 

Fixed effects did not improve with a random intercept nor with random slope so all  

 

analyses were completed as fixed effects.  In no models did ENS have a significant effect 

on pain control.  Other variables thought to be associated with pain levels were also 

examined.  Age has a strong and persistent negative effect in all models.  History of 

mental illness and opioid use had significant effect in the final model (t=2.868, p=.004 

and t-2.494, p=.013, respectively) with ENS and age. In patients with a history of mental 

illness and preoperative opioid use, pain scores were .682 points and .593 points higher, 

respectively. 

4.4 Research question 3  

Is there a difference in analgesic medication use during the ENS study period as 

compared to the pre-ENS period for patients undergoing joint replacement or spinal 

surgery?   

 

 



51 

 

4.4.1 Descriptive statistics of analgesia use for groups 

 The variables total opioid analgesic (TOP) and total PRN opioid analgesic 

(TOPRN) were calculated by converting opioids received for post-operative pain 

management into morphine equivalents. The PRN opioids represent a subset of the total 

but were retained to examine their use separately from the total.  The total and PRN 

opioids received from day one to day five were compared in PCA and non PCA patients 

between the Pre-ENS and ENS group. The distributions for both variables were not 

normally distributed in both Pre-ENS as well as ENS groups, therefore, medians and 

interquartile ranges are reported. 

As illustrated in the boxplot in Figure 4.5, among non-PCA patients, the median 

TOP used by Pre-ENS patients was 22.7mg of morphine (IQR 12-40mg), whereas ENS 

patients used only 12 mg (IQR 6.6-22.5mg), likely reflecting a decrease in LOS between 

the two time periods.  

Figure 4.5: Total opioid analgesics use in non-PCA patients 
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Figure 4.6 shows the median TOP use in PCA patients were 28.5mg (IQR 10-78.3mg) in 

Pre-ENS and 26.7 mg (IQR 8.5-61.3mg) in ENS group.   

Figure 4.6: Total opioid analgesics use in PCA patients 

 
The Pre-ENS group of non-PCA patients used more PRN morphine (median- 

20mg, IQR 10- 34mg ) than the ENS group (median- 12mg, IQR 6.6-22.5mg) (see Figure 

4.7).  
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Figure 4.7: Total PRN opioid use in non-PCA Group 

 
However, among PCA patients, the ENS group used more PRN opioid medication 

(median 16.7mg, IQR 5.8- 31.8mg) compared to pre-ENS group (median 14.2mg, IQR 

6.6- 23.4mg) (see Figure 4.8).   

Figure 4.8: Total PRN opioid use in PCA Group 
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There were two outliers among the ENS group of non-PCA as well as PCA patients who 

used 165 mg and 305mg of morphine and has a history of chronic pain as well as 

preoperative opioid use. 

4.4.2 Testing the difference in total opioid analgesic use in pre-ENS and ENS groups 

 The spearman correlational analysis indicated no significant correlation between 

patient characteristic and the TOP and TOPRN. As the data had a non-normal 

distribution, Independent Samples Mann-Whitney U was used to test the difference in 

median of TOP and TOPRN between Pre-ENS and ENS groups.  Among non-PCA 

patients the TOP (U=992, z= -2.721, p=. 007) and TOPRN (U= 1046, z= -2.384, p=.017) 

use was significantly higher in pre-ENS group compared to ENS groups. The pre-ENS 

group of non-PCA patients had longer LOS compared to ENS group and therefore this 

change might be due to longer hospital stay. However, in PCA patients, there were no 

difference in the TOP (U= 1135.5, z=-.812, p=.417) and TOPRN use between the pre-

ENS and ENS groups (U=1336.5, z= .566, p=.572). 

4.5 Research question 4 

 Is there a relationship between pain control and the number of scheduled physical 

therapy sessions attendance? 

4.5.1 Descriptive statistics for PT attendance  

 Descriptive data analysis was conducted to explore the PT attendance of non-PCA 

as well as PCA patients. The results are depicted in Appendix Table C4.9. Physical 

therapy sessions were calculated as a percentage of total scheduled sessions.  Among non 

PCA patients, the median PT attendance is 1 and the majority of patients (76.9%) 

attended only one PT session as these patients tend to be discharged with 24- 48 hours of 
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surgery. However, PCA patients attended more PT sessions than the non-PCA patients 

since their LOS is longer and they mostly represent joint replacements. The median PT 

attendance is 3 in pre-ENS and 2 in ENS group (see Figure 4.9).  

Figure 4.9: Frequency of PT sessions attended in pre-ENS and ENS group of PCA  

       patients 

 
 

4.5.2 Testing the relationship between pain control and number of PT session 

attended  

 

As the majority of non-PCA patients attended only one PT session further  

 

analysis to explore the relationship between pain control and the number of PT sessions 

attended was conducted only in PCA patients. A variable was created to represent the 

percentage of PT sessions attended of those scheduled.  Of the 93 patients with valid data 

in the PCA group, 10 (10.8%) attended less than a third of the scheduled sessions. All ten 

patients were in the ENS group; this would indicate a worse outcome with ENS although 

this also represent different time periods.  Exploratory logistic regression modeling was 

conducted to explore the predictors of PT attendance for less than 33% of scheduled 

sessions. Of particular interest were the pain intensity scores. Day one was excluded from 

the analysis as the majority (92.08%) of patients had PCA on day one. Therefore, pain 
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intensity scores from day two to day five were used as predictors, as well as type of 

surgery. The bivariate correlational analysis indicated no significant relationship between 

pain control and the number of PT sessions attended (see Table C4.10).  

Several unadjusted odds ratios were calculated to determine influences on the 

likelihood of attending less than a third of scheduled PT sessions.  Due to missing data 

and the use of listwise missing analyses in regression, multiple logistic regression models 

would have resulted in a limited number of cases. Therefore, only unadjusted OR are 

reported. Even with the unadjusted ORs, so of the cells had zero observations so ORs and 

confidence intervals are not reliable.  As summarized in Table 4.6, patients with spine 

surgeries were much less likely to attend more than 33% of scheduled PT sessions (OR= 

.20; 95% CI= .07, .63).   

Table 4.6: Unadjusted odds ratios predicting the likelihood of more than 33% PT 

      attendance in PCA patients (N=101) 

 N Unadjusted OR 95% CI  

     

Spine versus Joint 93 .20 .07, .63  

Mental illness versus not 93 .35 .13, .95   

Chronic Pain versus not 91 .44 .09, 2.16  

Day 2 pain score 60 1.06 .82, 1.12  

Day 3 pain score 89 .91 .66, 1.24  

Day 4 pain score 76 .94 .72, 1.67  

Day 5 pain score 70 .53 .34,.83  

 

However, having mental illness did decrease the likelihood of attending more than 33%  

 

of scheduled PT sessions (OR=  .35; 95% CI= .13. .95). 
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4.6 Research question 5  

Does pain control influence LOS for patients having joint replacement or spinal 

surgery? 

4.6.1 Descriptive Analysis of LOS  

 Descriptive analysis of length of stay (LOS) was conducted in non- PCA and 

PCA patients. The results of the descriptive analysis are depicted in Table C4.11 in 

Appendix C.  Figures 4.10 shows the LOS boxplots by ENS for nonPCA group.   

Figure 4.10: LOS of pre-ENS and ENS group of non-PCA patients 

 
Figure 4.11 shows the histograms for non-PCA group which reflect a positive skew, 

typical of LOS.  
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Figure 4.11: Histograms for LOS in non-PCA group 

 
Among non-PCA patients, the ENS group had a shorter LOS (Median= 1; skewness= 

1.46; kurtosis= 1.81) compared to their Pre-ENS counterparts (Median = 2; skewness= 

1.78; kurtosis= 3.57).  

There were 3 extreme outliers in the pre-ENS group of non-PCA patients with 

length of stay 7, 8 and 9. None of them have a previous history of opioid use or chronic 

pain. However, all of them have previous history of HTN, two of them are older (73 

years) and  the third patient is morbidly obese (BMI 34.22) with coronary artery disease, 

diabetes, chronic pain, and mental illness.  

 For the PCA group, the box reflected in Figure 4.12 shows a higher median LOS in the  

 

ENS period.   
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Figure 4.12: LOS of pre-ENS and ENS group of PCA patients 

 
 

The LOS histograms in Figure 4.13 shows a more normal distribution for the PCA group 

than the non PCA group, primarily due to the longer LOS. 

Figure 4.13: Histograms for LOS in PCA group 
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4.6.2 Testing the relationship between pain control and LOS  

Bivariate correlational analysis was conducted to explore the variables that might 

be significantly related to LOS or might have an interaction with ENS. Tables C4.12 

summarizes the bivariate Spearman rho correlations for non-PCA patients. ENS (rho = -

.449; p <.01), age (rho= .278; p < .01), and male gender (rho = .245; p <.05) were 

significantly related to LOS. However, there was no significant relationship between pain 

control and LOS.  

Linear regression was used to further explore the relationship between the LOS 

and pain control after controlling for variables significantly related to LOS. To meet the 

assumptions of linear regression, LOS in Non-PCA group was converted to natural log. 

The variables significantly related to the LOS in bivariate analyses were entered into the 

model.  Table 4.7 summarizes the result of multiple regression analysis to find the 

relationship between pain control and log LOS in non-PCA patients. 

Table 4.7: Multiple linear regression analysis predicting log LOS in non-PCA patients 

     (N=77) 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

 (Constant) -.647 .407  -1.588 .117 

  ENS versus Pre-ENS  -.510 .094 -.500 -5.411 .000 

Age .016 .005 .312 3.089 .003 

Male versus female .502 .192 .242 2.613 .011 

Day 2 Pain .077 .036 .217 2.165 .034 

Note: R
2
= .362, F(4,73)= 11.92, p<.001 

 After adjusting for age and gender, ENS and pain level on day two had significant 

independent associations with log LOS. The final model explained 36.2% variance in 

LOS. Log LOS was .510 points shorter in ENS group and .502 points longer in female 
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patients. As age increased by one year, log LOS increased by .016 points. Interestingly as 

pain level on Day 2 increased by one point, log LOS also increased by .077 points even 

while controlling for other variables in the model.   

As LOS data were assumed to be normally distributed in PCA group, Pearson 

correlational analysis was conducted to explore the relationship between LOS and pain 

control and LOS and other co-variates. Table C4.13 summarizes the results. Among PCA 

patients, there was no significant relationship between LOS and pain control. However, 

age (r = .340; p<.01), type of surgery (r = -.211; p<.01), HTN (r = .208; p<.05), CAD (r = 

.238; p< .05) and substance abuse (r = -.288; p<.01) were significantly related to LOS. 

Linear regression was conducted in PCA group to find the predictors of LOS. Table 4.8 

summarizes the regression results.    

Table 4.8: Multiple linear regression predicting LOS in PCA patients (N=66) 

Model Unstandardized 

Coefficients 

Standardize

d 

Coefficients 

t Sig. 

B Std. 

Error 

Beta 

1 

(Constant) -.305 1.646  -.185 .854 

 ENS versus Pre- ENS .390 .467 .100 .835 .407 

Age .072 .021 .435 3.406 .001 

Spine versus joint -.312 .477 -.080 -.653 .516 

Day 2 pain .223 .097 .266 2.306 .025 

Note: R
2
= .176; F (4,61) = 4.47, p= .003 

After controlling for ENS status and type of surgery, age and day two pain scores 

were significant independent predictors of LOS. The model explained 17.6% of variance 

in LOS .As age  increased by one year, LOS increased by .072 days. As with the non-

PCA group, pain level on day 2 increased by one point, LOS increased by .223 days.  
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4.7 Research question 6 

Is there a relationship between pain control and the likelihood of discharge to 

home rather than to rehab care? 

4.7.1 Descriptive analysis 

 For the nonPCA patients, the majority of patients from both pre-ENS and ENS 

group were discharged to home. There were only 1 patient from the Pre-ENS and 2 

patients from the ENS group discharged to a rehabilitation facility. However, among 

PCA patients, 75% of Pre-ENS group and 59.6% of ENS group were discharged to 

rehabilitation facilities. Therefore, the focus of analyses is the PCA patients. 

4.7.2 Predictors of discharge to rehabilitation in PCA patients 

 The X² test was conducted to compare pre-ENS and ENS groups of PCA patients 

in their Type of discharge to home or rehab. There were no significant difference in 

proportions of those discharged to rehab versus to home based on ENS.  Other statistical 

analyses were conducted to determine if pain influences discharge to rehab versus home.  

Exploratory bivariate correlational analysis in PCA patients indicated significant 

relationship between discharge to rehab and age (r =.516, p <.01), LOS (r= .474, p<.01), 

pain level on day four (r= -.307, p<.01) and frequency of PT sessions attended (r= .282, 

p<.01). For nominal variables, Chi-square tests for independence revealed a significant 

relationship between type of discharge and Race (χ²= 17.39, p =.001), spine vs. joint 

surgery (χ² = 50.40, p <.001), and substance abuse (χ² = 8.25, p = .004). Binary logistic 

regression analysis was used to try to isolate the independent effect of pain intensity on 

likelihood of discharge to rehab versus home.   Table 4.9 summarizes the final model 

with ENS included as the effect of change over time periods studied. 
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Table 4.9: Logistic regression analysis predicting likelihood of discharge to rehab in  

      PCA patients (N=76) 

Variables B S.E. Wald df Sig. Exp(B

) 

95% C.I.for 

EXP(B) 

Lower Upper 

 

ENS vs. Pre- 

ENS 

.119 .804 .022 1 .882 1.126 .233 5.444 

Age .150 .058 6.787 1 .009 1.162 1.038 1.301 

Spine vs. Joint -1.474 .881 2.798 1 .094 .229 .041 1.288 

LOS 1.004 .377 7.086 1 .008 2.729 1.303 5.715 

CAD 
-2.581 1.06

0 

5.928 1 .015 .076 .009 .605 

Day 4 Pain -.394 .282 1.955 1 .162 .674 .388 1.171 

Constant 
-12.905 5.07

3 

6.471 1 .011 .000   

Note: Model fit- X² (5) = 67.859, p <.001. 

The variables with significant bivariate relationship with type of discharge were 

entered into the model, recognizing that the limited sample size necessitated 

parsimonious models. The Omnibus Tests of Model Coefficients was significant with a 

X² (5) = 67.859 and p <.001. The Hosmer and Lameshow Test was non-significant (p= 

.416), meaning that the model fit across the range or probabilities.  The model explained 

between 39.0% and 57.7% of variability in discharge to rehabilitation. Age, type of 

surgery, length of stay and pre-existing coronary artery disease (CAD) were the 

significant contributors of final model.  However, pain level on day four was not a 

significant predictor of type of discharge. For each one year increase in age, a person was 

16% more likely to be admitted to rehab (OR=1.16; 95% CI:1.038, 1.301). For each 

additional day in the hospital, a patient is 2.7 times more likely to go to rehab (OR= 2.73; 

95% CI: 1.30, 5.72).  Patients with a history of CAD are 92%  less likely to be discharged 

to a rehabilitation facility.  
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4.8 Summary of Findings 

 This secondary data analysis included 208 patients who had TKA, THA, cervical 

or lumbar laminectomy or fusion and admitted to the surgical ward- 5B of VAMC, 

Baltimore. The patients were divided into Pre-ENS and ENS group. Pre-ENS group had 

95 patients and ENS group had 113 patients. The sample demographics were similar in 

both groups. The analysis was done separately for non-PCA and PCA patients. The major 

findings are as follows: 

1. The frequency of pain measurements were similar in pre-ENS and ENS groups. 

Among non-PCA patients, history of mental illness significantly increased the 

frequency of pain observations, whereas in PCA patients with, those who had 

TKA and received femoral block had significantly more pain observations. 

2. There was no significant difference in the pain intensity of pre- ENS and ENS 

groups of non-PCA as well as PCA patients. However age and pre-operative 

opioid use were significant predictors of pain intensity score. Older patients had 

significantly less pain and those who were on pre-operative opioids had 

significantly higher pain scores. Patients who used opioids pre-operatively 

reported significantly higher pain scores. In the non-PCA group, BMI was a 

significant negative predictor. However in PCA group, patients with a history of 

mental illness reported higher pain scores.  

3. The pre-ENS group of non-PCA patients used significantly higher amount of 

opioid medications for pain compared to ENS group of non-PCA patients. 

However, the opioid medication use was comparable in the pre-ENS and ENS 

group of PCA patients. 
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4.  There was no significant difference between pre-ENS and ENS group of PCA 

patients in their mean number of PT attendance. However, unadjusted odds ratios 

showed that spine vs. joint surgery and mental illness did have significant 

influences.  

5. There was no significant difference in LOS between the pre- ENS and ENS group 

of PCA patients. However, median LOS was significantly lower in ENS group of 

non-PCA patients compared to the pre-ENS group. After controlling for ENS, age 

and pain level on day two were significant predictors of LOS in non-PCA as well 

as PCA patients. Older patients and those who had higher pain scores on day two 

stayed longer in the hospital. 

6. There was no significant relationship between pain control and type of discharge 

(discharge to rehab versus home). However, age, length of stay and pre-existing 

coronary artery disease (CAD) were significant predictors of likelihood to 

discharge home or rehabilitation in PCA patients. Older patients and those who 

had longer LOS were more likely to be discharged to rehabilitation.  
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CHAPTER 5 

DISCUSSION, IMPLICATIONS, AND RECOMMENDATIONS 

5.1 Overview 

 This chapter presents a brief summary of study results and then discussion of 

results in relation to current literature. The discussion is organized by research questions 

and implications for practice and policy are discussed.  The strengths and limitations of 

the study are acknowledged along with suggestions for future research. 

5.2 Study Overview 

 The primary purpose of this study was to examine the effect of an electronic nurse 

notification system (ENS) on surgical patients’ postoperative pain measurements, pain 

intensity level, and total narcotic analgesic use.  The nurse notification system was 

intended to remind nurses to assess the effectiveness of analgesia given to a particular 

patient. It was presumed that if patients were re-assessed as to their pain control within 

the first half hour of receiving a PRN medication, the need for additional analgesia could 

be determined, resulting in better pain control. Secondarily, it was hypothesized that 

better pain control could improve patient outcomes such as physical therapy participation, 

length of hospitalization, and the likelihood of discharge to home. The conceptual model 

in Chapter 3 reflects these relationships.  
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A descriptive correlational design was used.  A cohort of patients who underwent 

TKR, THR, lumbar spine, and cervical spine surgeries, prior to the ENS implementation 

was compared to a cohort of patients with the same surgeries after ENS implementation.  

Data were abstracted from the electronic as well as paper medical records, although the 

original intent was to conduct most of the analyses based on electronic records. The 

analysis included 208 patients who had TKA, THA, cervical or lumbar laminectomy or 

fusion and were admitted to the surgical ward of VAMC, Baltimore. The sample size 

achieved was less than expected despite various attempts to broaden inclusion criteria.  

The pre-ENS group had 95 patients and ENS group had 113 patients. The sample 

demographics were similar in both groups except ENS had significantly more chronic 

pain patients both in non-PCA as well as PCA groups. However, pre-operative opioid use 

was similar in both groups. The majority of analyses were done separately for non-PCA 

and PCA patients as these patients differ in their pain experience, analgesic use, type of 

surgery, and length of stay.  

5.3 Discussion of Study Results 

5.3.1 Pain Measurements 

A nursing documentation audit at Baltimore VA Medical Center (BVAMC) in 

2008 showed a deficiency in pain assessment documentation. In response to improve pain 

documentation, ENS was piloted at BVAMC in 2008-2009. Presumably, the frequency of 

pain observations would increase, resulting in improved analgesia, which could influence 

other patient outcomes.  The anecdotal reports of pain documentation of all patients 

admitted to 5B during the ENS period indicated an improvement in pain assessment and 

documentation. Yet in this study, ENS had no effect on the frequency of pain 
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measurements. This lack of influence of ENS on pain measurements might be due to the 

limited number of patients included in this study compared to all patients admitted to the 

surgical ward.   

Among non-PCA patients, ENS had no significant effect on the frequency of pain 

measurement. Moreover, the frequency of pain measurements were slightly higher in pre-

ENS groups than ENS – opposite of what was hypothesized.  The obvious explanation 

for this is that the median LOS dropped between the pre-ENS and ENS time periods. The 

pre-ENS median LOS was 2 days, whereas the median LOS in ENS group was 1 day.  

Linear Mixed models which accounted for repeated observations within individuals did 

not find any significant effect of the ENS on the frequency of pain measurement even 

with control for age, chronic pain and mental illness. However, the independent effect of 

patient characteristics was revealed. Patients who had pre-existing mental illness had 

more pain observations than those without a history of mental illness. History of mental 

illness was an independent predictor of frequency of pain assessments in all models. 

Chronic pain was not significant in models with history of mental illness. Previous 

research had found significant relationship between chronic pain and mental disorders.
114 

The result of this study also confirms the previous study findings and the history of 

mental illness should be taken into consideration while planning postoperative pain 

management. .  

In the PCA group, the frequency of pain measurements were significantly higher 

in ENS group compared to pre-ENS group. However, the mean pain intensity score was 

similar in both groups. Patients with a femoral block had significantly more observations, 

even controlling for preadmission opioid use.  Previous research has demonstrated that 
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implementation of pain assessment tools and educational programs for nurses improved 

pain assessment and documentation.
87-89  

However to date no electronic devices were 

tested to improve pain assessment and documentation. This was the first study which 

evaluated the effectiveness of an electronic device (ENS) that was designed to assist 

nurses in their pain assessment and documentation. The results of this study indicated that 

ENS did not improve the pain assessment and documentation in PCA patients. Although 

ENS status had no significant relationship with pain observations, TKA patients who had 

a single shot femoral block post-operatively had significantly more pain observations. 

Previous research had shown that femoral block relieved pain on the night of surgery, but 

there was no significant difference between the pain level of patients who received single 

shot femoral block and those who had traditional pain medicine on postoperative day 2 to 

recovery.
115,116 

This increase in pain measurements in TKA patients with femoral block 

might be due to increase in attentive care in these patients.  

5.3.2 Pain Intensity  

 Although many studies had evaluated the effect of various pain management 

strategies on patients outcomes, this is the first study that evaluated the effect of an 

electronic device on patients’ pain control.
47-51 

A pilot study conducted to test the 

effectiveness of a pain assessment tool had published that the experimental group had 

less pain compared to control group.
91 

 However in this study,  ENS had no effect on pain 

control. The mean pain scores were not significantly different between the pre-ENS and 

ENS groups of both non-PCA and PCA patients. The mean pain intensity score decreased 

from Day 1 to Day 3 in non-PCA patients and Day 2- Day 5 of PCA patients in both pre-

ENS and ENS groups which is an expected outcome due to natural course of healing. 
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Patient characteristics were again important. Age and preoperative opioid use were 

significant predictors of postoperative pain intensity in non-PCA as well as PCA patients. 

Older patients reported less pain compared to younger patients. This result is consistent 

with the findings of a previous study that older patients reports less pain.
108,119  

BMI also 

had significant negative effects such that as BMI when up, pain score was lower, 

although this would seem to be opposite of hypothesized direction.
120,121,122

 However, 

Bryson et al. found no significant association between obesity and pain in TKA 

patients.
123 

History of chronic pain is a known predictor of higher pain intensity and ENS 

group had higher proportion of chronic pain patients than pre-ENS group.
63

 This study 

finding is also consistent with previous findings that patients who use preoperative 

opioids and have mental illness are more likely to report higher pain intensity.
114

 

Therefore a thorough pre-operative evaluation  and an individualized postoperative pain 

management plan is important to ensure adequate pain control in patients with history of 

mental illness and chronic pain. 

5.3.3 Opioid Analgesics 

 In this study total opioid medication received during the entire hospital stay 

excluding the PCA was obtained. The study evaluated the difference in total opioids in 

morphine equivalence received during hospitalization in pre-ENS as well as ENS group. 

Among non-PCA patients, the pre-ENS group received significantly more opioids 

compared to ENS group in simple bivariate analyses. Since previous research shows 

older patients were prescribed less opioid pain medication compared to young patients 

due to the fear of side effects
88

, some exploratory analyses were done.
 
Although the pre-

ENS group had a higher proportion of older patients, these patients received more opioids 
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during their hospital stay. Moreover, this effect might be due the influence of LOS. The 

pre-ENS group of non-PCA patients stayed at the hospital (median LOS = 2 days) longer 

than ENS group (Median LOS = 1 day). The total opioids received during entire 

hospitalization was comparable in pre-ENS as well as ENS group of PCA patients. 

Although the ENS group of PCA patients had a higher proportion of patients with history 

of chronic pain and substance abuse and they received more opioids than pre-ENS group, 

there was no significant difference between the groups in their opioid use during their 

entire hospitalization. Unfortunately, the non normality of the distribution limited the 

analyses that could be done. Moreover the lack of tool to convert non-opioids into opioid 

equivalence limited the inclusion of non-opioids in the analysis.  

5.3.4 Number of PT Sessions 

 Although previous studies evaluated the effect of pain control on surgical 

outcomes, no data were available about the effect of an electronic device that facilitated 

the pain documentation on postoperative outcomes like physical therapy attendance and 

length of stay. A study evaluating the effect of pain control on postoperative outcomes 

after hip fracture in geriatric patients found a significant relationship between unrelieved 

pain and increased length of hospital stay, delayed ambulation and long-term functional 

impairement.
88

 Patients who undergo joint replacement surgeries are generally older and 

hence are more prone to functional impairment after surgery. The mean age of patients 

who had TKA, THA, and lumbar spinal fusions were 60 years or older. Therefore, 

attendance in PT sessions to facilitate early ambulation is a crucial aspect of their 

postoperative management. This study evaluated the effect of ENS and pain level from 

Day 2 to Day 5 on likelihood of attendance at less than 33% of scheduled PT sessions.  
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Simple logistic regressions were done due to problems with listwise missing values and 

small sample sizes.  No significant relationship was found between ENS and attendance 

in PT sessions. Patient with joint replacement were more likely to attend more than a 

third of scheduled sessions. Those with mental illness were less likely to attend more than 

a third of scheduled sessions.   

5.3.5 Length of Hospital Stay 

 Length of hospital stay is an important outcome measure in health care research 

as it is an indicator of health care efficiency. Patients with higher pain scores at rest are 

reluctant to participate in PT and progress slowly towards their recovery. Therefore this 

study evaluated the relationship between pain control and length of stay. After controlling 

for gender, and ENS, age and pain level on Day 2 were significant predictors of LOS in 

non-PCA as well as PCA patients. As revealed in this study, effective pain control on 

operative day 2 shortens the length of hospitalization. Postoperative day 2 is a crucial 

period in the course of hospital stay in surgical patients. Most of the surgical patients start 

taking PRN (as needed) medications and initiate PT sessions and ambulation on day 2.  

Therefore effective pain management strategies taking into consideration of individual 

patient characteristics need to be formulated to control pain on day 2. The consequence of 

uncontrolled postoperative pain extends beyond patients discomfort and suffering and is 

significantly associated with longer length of hospital stay.
88

 Although old age itself is 

not a significant predictor of LOS as shown in previous studies, associated co-morbidities 

and risk of postoperative complications makes older patients more prone to longer 

LOS.
117, 118

 Among non-PCA patients, ENS was a significant predictor of LOS. Patients 

in the ENS group had a shorter LOS compared to their pre-ENS counterparts. However, 
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this change can’t be solely attributed to the ENS effect as other factors such as changes in 

patient care process and effect of time also play as confounding variables. When LOS 

was compared between pre-ENS and ENS groups of PCA patients, study did not find a 

significant difference. As LOS is one of the determinants of acute care utilization, the 

data obtained in this study would be useful for planning and clinical management in 

reducing the LOS.
111

 

5.3.6 Type of Hospital Discharge 

 Discharge disposition depends on a variety of factors. Generally, patients remain 

at the hospital until functional goals are met or it is determined that they will not benefit 

from inpatient rehabilitation. In the study facility patients are discharged to home if they 

are functionally independent or a care giver is available at home. Otherwise they are 

either transferred to a skilled nursing or assisted living facility for further rehabilitation.  

Previous research had identified various factors that affect discharge disposition. A 

previous study of TKA patients indicated that patients who underwent primary TKA were 

discharged to home compared to those who had revision TKAs. However, there were no 

significant association between age, gender, and discharge disposition.
112

 Another study 

identified adequate pain control as a determining factor of discharge disposition. Patients 

who received pre-emptive analgesia had shorter hospital stay and were discharged to 

home.
113. 

 In this study, there was no significant difference in the discharge disposition of 

pre-ENS and ENS groups. However, due to limited sample size adequate power to detect 

the effect might be lacking. Age was a significant predictor of discharge disposition. 

Older patients were more likely to be discharged to a skilled facility compared to younger 

patients.  
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5.4 Strengths and Limitations  

5.4.1 Secondary Data Analysis 

 This study has several strengths and limitations. This was the first study that 

evaluated the effect of the ENS on the patient outcomes such as pain level, total analgesic 

opioid used, length of hospital stay and type of discharge disposition. This study utilized 

secondary data which were already collected as part of the routine treatment and stored in 

CPRS of BVAMC. Secondary data has many advantages.  It has a great potential for 

saving resources. The researcher can work independently and save time and money. 

There is no additional cost involved in data collection. However, it has all the limitations 

of a secondary data. Data recorded in the CPRS only was available to the researcher. As 

data was previously collected by someone else other than the researcher, some variables 

of interest were not available and reliability of measurements was also of concern. The 

pain measurement scale used at BVAMC is NPRS, which measures only one domain of 

pain which is pain intensity. The provider  and patient reporting bias  such as variation in 

reporting practices and subjectivity also poses a threat to the reliability of measurements. 

There were inconsistencies in the frequency of measurements during day and night and 

weekdays and weekends. Some days there were more frequent pain assessments and 

other days there were only a few pain assessments which might be due to variation in 

staffing. The missing data for pain observations also made the analysis plan complicated. 

For the non-PCA group, LOS was only two- three days, whereas in the PCA group, LOS 

was six to seven days.    Patients with PCA were excluded from analysis and there were 

only a few observations available for analysis for day one. Therefore, to overcome the 

missing data, the sample was divided into non- PCA and PCA groups and analysis was 
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done separately for these groups. The NRS used to assess pain in VHA is a valid and 

reliable instrument, however, a pain scale such as the McGill provides a more 

comprehensive assessment of pain and may be preferred in patients with chronic pain as 

part of their pre-operative assessment. Pain assessments are also subject to individual bias 

of the RNs. Although recorded as a NRS score, nurses may have used the Faces Pain 

Scale to assess the pain of nonverbal, cognitively impaired, or sleeping patients. 

5.4.2 Retrospective Study Design 

 There are many advantages to retrospective study design as noted in Chapter 3. It 

saves time and resources. However, due to the very same nature, it has some limitations. 

The original intent was to use only data stored in the SQL server with the hope that the 

majority of it could be downloaded into an analytic file.  However, data extraction was an 

iterative and complex process.  As ENS was used only for 6 months and heterogeneous 

patient groups were desirable, the sample size was relatively small. In order to conserve 

the homogeneity of the sample, only joint replacement and spine surgery patients were 

included in the study. Although analysis indicated no significant difference in the 

demographic characteristics of pre-ENS and ENS groups, there might be unknown 

variables that makes the groups different. Moreover, care practices may have changed 

over the year.  The retrospective nature of the study limited the ability to control for 

contextual changes. 

 Relying on existing data that were collected for purposes other than research also 

was problematic.  Despite the emphasis on pain assessment and documentation, there was 

variation in frequency of pain measurements by shifts. The complex nature of the 

postoperative pain management regime made it difficult to track the nurse response to the 
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pain scores.  While both prn and routine narcotics were analyzed by converting to 

milligrams of morphine, non-narcotic analgesics were used and could not be converted.  

Thus, total narcotics received were the outcome measure. This might pose a threat to the 

construct validity of measuring total analgesia.  While the effect of some cofounding 

variables such as type of surgery, age of the patient, BMI, preoperative daily opioid daily 

dose, and co-morbidities were assessed and used as controls for some research questions, 

other pre-existing conditions (e.g. chronic pain) could only be measured in a crude way 

(e.g., having the characteristic or not).  It is likely that unmeasured patient and RN 

characteristics also might have an effect on the frequency of pain observations and pain 

scores.  For LOS and discharge status, differences in patient psychosocial support 

systems might also have affected the outcomes but were not measured. 

5.4.3 New Technology 

 ENS was a novel technology designed to remind nurses to assess/reassess and 

document pain observations. Pain assessment and documentation was improved during 

the ENS period as evidenced by increase in frequency of pain assessments. However, any 

new technology is associated with limited research. To date there was no previous 

research evaluated the effect of an electronic device like ENS on patient outcomes. 

Therefore, power analysis was done based on a study which tested a pain assessment tool 

rather than the electronic device.
94

This study may indeed have been underpowered to 

adequately detect a difference because the effect size was small. The technology itself 

may have had some differences in acceptance.  Any new technology is associated with a 

learning curve and the time to learn varies among individuals. This difference also adds 

to the factors that contribute to the ineffective use of the device. An unpublished study to 
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assess RN satisfaction in using ENS revealed that only slightly more than half of the 

nurses (56.2%) in the study unit were satisfied with ENS and 65% believed that ENS 

improved pain assessments and documentation.   

 The single center nature of the study and the VA organizational care processes 

limited the generalizabilty of the findings to the general hospitalized orthopedic 

population. As this study was conducted in a single unit, in a small hospital, the results 

might not be applicable to large hospital settings or settings with different information 

systems or care processes. The Veteran population is unique and their pain experience is 

often influenced by their personal and military experience as well as the comorbidities.
105

 

Therefore, the same results might not be obtained if repeated in civilian settings.  In 

addition, the nature of the ENS intervention was different than other technologies that 

seek to improve the frequency of assessment and documentation. All these limitations 

pose threat the external validity of the findings. Finally, there was the underlying 

assumption that, aside from utilization of ENS, the type of patients selected for surgery, 

the number of postoperative complications, and the type of care delivered did not change 

during the two time periods (pre- and during ENS). 

5.5 Implications 

5.5.1 Implications of Practice, Policy and Research 

 Despite the limitations, the findings of this study have important implications for 

hospitals and policy makers. Although high quality guidelines and advanced pain 

management techniques are available, acute postoperative pain management is still not 

satisfactory. Despite TJC standards and multiple published guidelines to improve pain 

management, the majority of the interventions in previous research failed to improve 
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patients’ pain intensity level.
 88, 106, 110-113

  Therefore the findings of this study could guide 

the hospitals and policy makers to develop cost effective acute pain management services 

that facilitate postoperative pain management more effectively. Findings may also help 

inform the development of new technologies that seek to engage patients in their care.  

Developing pain management care plans specific to each type of surgery would provide 

guidelines to the nurses how to manage acute postoperative pain. Timely feedback from 

the staff and assessment of patients’ satisfaction with their pain management would also 

help to improve the pain management services. Comprehensive pain assessment tools 

such as McGill pain questionnaire may be used for pre-operative evaluation of chronic 

pain. Individualized postoperative pain management plans should be formulated for 

patients who take higher doses of pre-operative opioids.        

 This study was the first one to evaluate the effect of an electronic device such as 

ENS on patient outcomes. However, the observational nature of the current study limited 

the generalization of its findings. Future research should take advantage of existing data 

systems in hospitals.  Improved patient histories about drug use and incorporation into 

patient-centered medical records should lead to more personalized pain management 

plans.  Likewise, the relationship between the frequency of pain observations and pain 

control must be further examined.   

 Pain management must be recognized as everyone’s responsibility. Attending 

physicians, residents, advanced practice nurses, anesthesiologists, and CRNAs play vital 

role in managing postoperative pain effectively. Collaborative efforts from multiple 

disciplines are needed for the success of an effective pain management service. Clinical 

pathways which are specific to each surgery must be developed to manage postoperative 
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pain especially for joint and multilevel spine surgeries. Currently, an acute pain 

management service is lacking in Baltimore VA Medical Center. To serve those who 

served, administration must take active role in developing an acute pain service at 

BVAMC.  

5.6 Summary 

 Despite the limited effectiveness, ENS brought new knowledge and findings to 

the understanding of how technology could be used to improve pain assessments. More 

importantly, it brought a pain emphasis to nursing.  Although there were many advances 

in pain management techniques and introduction of new policies and new sets of 

guidelines, uncontrolled postoperative pain remains as a public health problem.
6-8 

This 

study did not find a significant difference in pain control between pre-ENS and ENS 

groups. However, it improved the LOS in a subset of patients. Innovation of new devices 

such as ENS could be a valuable tool to assist nurses in pain assessment and 

documentation. Future research may be able to trial this technology in a broader set of 

patients in a prospective study with better measures, stronger design, and multilevel 

analysis of all pain measures.  
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APPENDIX A 

IRB APPROVAL 
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APPENDIX B 

Codes for Assessment of an Electronic Notification System (ENS) on Postoperative 

Pain Documentation and Management - HP-00051982   

1. Age- in years 

2. Gender- 0= female, 1= male 

3. Race- 0= black, 1= white, 2= other, 9= unanswered 

4. BMI= body mass index, 999= unknown 

5. Marital- marital status 0= single, 1= married 

6. Surgery- 0=TKA, 1=THA, 21= one level cervical laminectomy, 31= one level 

cervical fusion, 41= one level lumbar laminectomy, 51- one level lumbar fusion 

7. DOS- date of surgery 

8. DOA- date of admission 

9. DOA5B- date of admission to 5B 

10. DOD- date of discharge 

11. LOS- length of hospital stay 

12. DISTYPE- type of discharge 0= home, 1= rehab facility 

13. D1O- D5O- number of pain observations from Day of surgery to POD 4, 99- no 

documented score 

14. D1-D5- average pain score from Day of surgery to POD 4, 99- no documented 

score 

15. D1OPRN- D5OPRN- total daily PRN opioid 

16. D1OP- D5OP- total daily routine opioid 

17. TOPRN- total PRN opioid  

https://cicero.umaryland.edu/CICERO/Rooms/DisplayPages/LayoutInitial?Container=com.webridge.entity.Entity%5bOID%5b1D537D6780725C47A54CB347E081B2E3%5d%5d
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18. TOP- total opioid 

19. D1TOR-D10TOR- frequency of daily IV toradol administration 

20. D1NS-D10NS- frequency of daily PO NSAID administration 

21. FPT- first PT appointment 0= no due to pain, 1= yes, 2= no due to reasons other 

than pain 

22. PT- number PT sessions 

23. OT- number of OT sessions 

24. HTN- 0= no, 1= yes 

25. DM- 0= no, 1= yes 

26. CAD-0= no, 1= yes 

27. COPD-0= no, 1= yes 

28. SUB- substance abuse- 0= no, 1= yes 

29. PSYCH- 0= no, 1= yes 

30. DEMENTIA 0= no, 1= yes 

31. CPAIN- chronic pain 0= no, 1= yes 

32. MEDS- preop medications,1= tramadol, 2= gaba, 3= morphine, 4=hydrocodone, 

5= oxycodone, 6= codeine, 7- NSAID, 8= dilaudid, 9= methadone 

33. MORPH- morphine 0= no, 1= yes 

34. HYDROCOD- 0= no, 1= yes 

35. OXYCODO-0= no, 1= yes 

36. CODEINE-0= no, 1= yes 

37. DILAUDID-0= no, 1= yes 

38. METHADONE-0= no, 1= yes 
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39. COMPLI- 0=none, 1=SSI, 2=MI, 3=DVT, 4= other 

40. PCAS= PCA start date 

41. PCAE- PCA end date 

42. PCAD- PCA duration 

43. ANES- type of anesthesia 0= GA, 1= Spinal 

44. FEM- femoral nerve block 0= No 1= yes, 9= not applicable 
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APPENDIX C 

TABLES 

Table C4.1: Pain Measurements in non- PCA patients 
      

 
D1O

S 

Pre 

D1O 

ENS 

D2O 

Pre 

D2O 

ENS 

D3O 

Pre 

D3O 

ENS 

D4O 

Pre 

D4O 

ENS 

D5O 

Pre 

D5O 

ENS 

N 
Valid 51 56 42 37 24 16 11 5 9 1 

Missing 0 0 9 19 27 40 40 51 42 55 

Mean 10.43 9.39 8.67 7.41 6.92 5.38 6.82 7.20 6.89 3.00 

Median 10.00 9.00 8.00 7.00 7.00 5.00 6.00 5.00 6.00 3.00 

Std. Deviation 4.989 3.740 3.980 5.367 3.400 4.288 2.786 5.586 4.986  

Skewness .350 -.013 1.029 .936 .172 1.126 .635 2.018 1.555  

Std. Error of Skewness .333 .319 .365 .388 .472 .564 .661 .913 .717  

Kurtosis -.227 -.174 1.203 .702 .208 1.163 -.881 4.307 2.609  

Std. Error of Kurtosis .656 .628 .717 .759 .918 1.091 1.279 2.000 1.400  

Range 21 17 18 23 14 15 8 14 16 0 

Minimum 1 0 3 0 1 1 4 3 2 3 

Maximum 22 17 21 23 15 16 12 17 18 3 

 

Table C4.2: Pain Measurements in PCA patients 
      

 
D1O 

Pre 

D1O 

ENS 

D2O 

Pre 

D2O 

ENS 

D3O 

Pre 

D3O 

ENS 

D4O 

Pre 

D4O 

ENS 

D5O 

Pre 

D5O 

ENS 

N 
Valid 4 4 29 38 39 53 30 47 30 40 

Missing 40 53 15 19 5 4 14 10 14 17 

Mean 2.00 8.75 4.72 4.84 6.31 7.15 5.50 7.55 6.77 7.90 

Median 2.00 3.50 4.00 3.00 6.00 6.00 5.00 7.00 6.00 7.50 

Std. Deviation .816 11.587 3.058 4.693 3.205 4.676 2.968 4.318 3.421 3.795 

Skewness .000 1.914 .699 1.938 .241 1.510 .899 .308 .540 .256 

Std. Error of Skewness 1.014 1.014 .434 .383 .378 .327 .427 .347 .427 .374 

Kurtosis 1.500 3.680 -.750 4.107 -.732 4.000 .452 -.795 .267 -.514 

Std. Error of Kurtosis 2.619 2.619 .845 .750 .741 .644 .833 .681 .833 .733 

Range 2 24 10 22 12 25 12 16 14 15 

Minimum 1 2 1 0 1 0 1 0 1 2 

Maximum 3 26 11 22 13 26 13 16 15 17 
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Table C4.3: Correlational Analysis of frequency of pain observations in non-PCA patient 

**  Correlation is significant at the 0.01 level (2-tailed).   
  *    Correlation is significant at the 0.05 level (2-tailed). 
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Table C4.4: Correlational Analysis of frequency of pain observations in PCA patients 
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Table C4.5: Pain scores of non-PCA group 

 
D1 

PRE 

D1 

ENS 

D2 

PRE 

D2 

ENS 

D3 

PRE 

D3 

ENS 

D4 

PRE 

D4 

ENS 

D5 

PRE 

 

D5 

ENS 

N 
Valid 51 55 42 36 25 16 12 5 10 1 

Missing 0 1 9 20 26 40 39 51 41 55 

Mean 4.94 4.75 4.19 4.22 3.80 4.31 4.33 4.80 3.10 5.00 

Median 5.00 4.00 4.00 5.00 4.00 4.00 4.00 5.00 4.00 5.00 

Std. Deviation 1.580 1.635 1.292 .634 2.000 1.250 2.462 1.643 1.969  

Skewness -.976 .322 .339 -.805 -.245 .255 .416 -1.736 -.718  

Std. Error of Skewness .333 .322 .365 .393 .464 .564 .637 .913 .687  

Kurtosis 2.307 -.264 -.467 .476 -.152 .329 .478 3.251 -1.020  

Std. Error of Kurtosis .656 .634 .717 .768 .902 1.091 1.232 2.000 1.334  

Range 8 7 5 7 8 5 9 4 5 0 

Minimum 0 1 2 0 0 2 0 2 0 5 

Maximum 8 8 7 7 8 7 9 6 5 5 

 

Table C4.6: Pain scores of PCA group 

 
D1 

PRE 

D1 

ENS 

D2 

PRE 

D2 

ENS 

D3 

PRE 

D3 

ENS 

D4 

PRE 

D4 

ENS 

D5 

PRE 

D5 

ENS 

N 
Valid 4 4 29 37 39 53 30 46 30 40 

Missing 40 53 15 20 5 4 14 11 14 17 

Mean 4.50 6.25 4.21 4.22 3.69 3.66 3.40 3.76 3.70 3.88 

Median 5.50 6.00 4.00 5.00 4.00 3.00 4.00 4.00 4.00 4.00 

Std. Deviation 3.109 3.304 1.916 2.626 1.559 1.628 1.754 1.702 1.725 1.870 

Skewness -1.597 .229 .076 -.074 -.247 -.007 -.500 -.089 -.018 -.453 

Std. Error of Skewness 1.014 1.014 .434 .388 .378 .327 .427 .350 .427 .374 

Kurtosis 2.704 -3.869 -.058 -.582 .768 .312 -.843 -.276 1.104 .153 

Std. Error of Kurtosis 2.619 2.619 .845 .759 .741 .644 .833 .688 .833 .733 

Range 7 7 8 9 7 8 6 7 8 7 

Minimum 0 3 0 0 0 0 0 0 0 0 

Maximum 7 10 8 9 7 8 6 7 8 7 
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Table C4.7: Correlational Analysis of pain intensity scores in non-PCA patient 
 

Variables 
D1 D2 D3 ENS Age BMI Pre-

opioid 

D1 

Pearson Correlation 1 .200 .242 -.061 -.269
**

 -.248
*
 .336

**
 

Sig. (2-tailed) 
 

.080 .132 .533 .005 .020 .001 

N 106 78 40 106 106 87 97 

D2 

Pearson Correlation .200 1 .317
*
 .011 -.418

**
 .046 .289

*
 

Sig. (2-tailed) .080 
 

.046 .924 .000 .713 .014 

N 78 78 40 78 78 66 72 

D3 

Pearson Correlation .242 .317
*
 1 .145 -.271 -.158 .094 

Sig. (2-tailed) .132 .046 
 

.366 .086 .381 .573 

N 40 40 41 41 41 33 38 

ENS 

Pearson Correlation -.061 .011 .145 1 -.076 -.148 .015 

Sig. (2-tailed) .533 .924 .366 
 

.439 .170 .883 

N 106 78 41 107 107 88 98 

Age 

Pearson Correlation -.269
**

 -.418
**

 -.271 -.076 1 .007 -.245
*
 

Sig. (2-tailed) .005 .000 .086 .439 
 

.948 .015 

N 106 78 41 107 107 88 98 

BMI 

Pearson Correlation -.248
*
 .046 -.158 -.148 .007 1 .193 

Sig. (2-tailed) .020 .713 .381 .170 .948 
 

.085 

N 87 66 33 88 88 88 81 

Pre-

opioid 

Pearson Correlation .336
**

 .289
*
 .094 .015 -.245

*
 .193 1 

Sig. (2-tailed) .001 .014 .573 .883 .015 .085 
 

N 97 72 38 98 98 81 98 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Table C4.8: Correlational Analysis of pain intensity scores in PCA patient 
 

Variables 
D2 D3 D4 D5 ENS Age Mental 

illness 

Pre-

opioid 

D2 

Pearson Correlation 1 .161 .407
**

 .289 .002 -.190 .313
*
 .461

**
 

Sig. (2-tailed) 
 

.218 .003 .054 .987 .126 .011 .000 

N 66 60 51 45 66 66 66 61 

D3 

Pearson Correlation .161 1 .514
**

 .508
**

 -.010 -.319
**

 .238
*
 .155 

Sig. (2-tailed) .218 
 

.000 .000 .925 .002 .022 .151 

N 60 92 74 68 92 92 92 87 

D4 

Pearson Correlation .407
**

 .514
**

 1 .420
**

 .103 -.369
**

 .374
**

 .311
**

 

Sig. (2-tailed) .003 .000 
 

.000 .375 .001 .001 .008 

N 51 74 76 68 76 76 76 71 

D5 

Pearson Correlation .289 .508
**

 .420
**

 1 .048 -.360
**

 .365
**

 .082 

Sig. (2-tailed) .054 .000 .000 
 

.690 .002 .002 .515 

N 45 68 68 70 70 70 70 66 

ENS 

Pearson Correlation .002 -.010 .103 .048 1 -.206
*
 .066 -.099 

Sig. (2-tailed) .987 .925 .375 .690 
 

.039 .512 .335 

N 66 92 76 70 101 101 101 96 

Age  

Pearson Correlation -.190 -.319
**

 -.369
**

 -.360
**

 -.206
*
 1 -.365

**
 -.100 

Sig. (2-tailed) .126 .002 .001 .002 .039 
 

.000 .331 

N 66 92 76 70 101 101 101 96 

Mental 

illness 

Pearson Correlation .313
*
 .238

*
 .374

**
 .365

**
 .066 -.365

**
 1 .332

**
 

Sig. (2-tailed) .011 .022 .001 .002 .512 .000 
 

.001 

N 66 92 76 70 101 101 101 96 

Pre-

opioid 

Pearson Correlation .461
**

 .155 .311
**

 .082 -.099 -.100 .332
**

 1 

Sig. (2-tailed) .000 .151 .008 .515 .335 .331 .001 
 

N 61 87 71 66 96 96 96 96 
** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 
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Table C4.9: Descriptive analysis of PT attendance in PCA patients 

  Pre-ENS ENS 

N Valid 42 51 

Missing 2 6 

Mean 3.07 2.88 

Std. Error of Mean .175 .218 

Median 3.00 2.00 

Std. Deviation 1.135 1.558 

Skewness .064 .633 

Std. Error of Skewness .365 .333 

Kurtosis -.740 -.575 

Std. Error of Kurtosis .717 .656 

Range 4 5 

Minimum 1 1 

Maximum 5 6 

Percentiles 25 2.00 2.00 

50 3.00 2.00 

75 4.00 4.00 
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Table C4.10: Correlational Analysis of PT attendance in PCA patients 

Variables PT  Day 2 Day 3 Day 4 Day 5 ENS  Surgery 

PT  Pearson Correlation 1 .014 -.023 -.046 -.229 -.240
*
 -.253

*
 

Sig. (2-tailed)  .913 .827 .693 .057 .020 .014 

N 93 60 89 76 70 93 93 

Day 2 Pearson Correlation .014 1 .161 .407
**

 .289 .002 -.014 

Sig. (2-tailed) .913  .218 .003 .054 .987 .911 

N 60 66 60 51 45 66 66 

Day 3 Pearson Correlation -.023 .161 1 .514
**

 .508
**

 -.010 .253
*
 

Sig. (2-tailed) .827 .218  .000 .000 .925 .015 

N 89 60 92 74 68 92 92 

Day 4 Pearson Correlation -.046 .407
**

 .514
**

 1 .420
**

 .103 .211 

Sig. (2-tailed) .693 .003 .000  .000 .375 .068 

N 76 51 74 76 68 76 76 

Day 5 Pearson Correlation -.229 .289 .508
**

 .420
**

 1 .048 .157 

Sig. (2-tailed) .057 .054 .000 .000  .690 .195 

N 70 45 68 68 70 70 70 

ENS  Pearson Correlation -.240
*
 .002 -.010 .103 .048 1 .056 

Sig. (2-tailed) .020 .987 .925 .375 .690  .577 

N 93 66 92 76 70 101 101 

Surgery Pearson Correlation -.253
*
 -.014 .253

*
 .211 .157 .056 1 

Sig. (2-tailed) .014 .911 .015 .068 .195 .577  

N 93 66 92 76 70 101 101 
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Table C4.11: Descriptive analysis of LOS in PCA and non-PCA patients 

LOS  Non PCA  PCA  

  Pre-ENS ENS Pre-ENS ENS 

N 
Valid 51 56 44 57 

Missing 0 0 0 0 

Mean 2.75 1.55 5.05 5.26 

Median 2.0 1.0 5 6.0 

Std. Deviation 1.753 .784 1.817 2.192 

Skewness 1.774 1.457 -.046 -.064 

Std. Error of Skewness .333 .319 .357 .316 

Kurtosis 3.574 1.807 -.544 -.154 

Std. Error of Kurtosis .656 .628 .702 .623 

Range 8 3 8 10 

 

Table C4.12: Correlational Analysis of LOS in non-PCA patients 

Variables 
LENGTH 

OF STAY ENS  AGE GENDER 

Spearman's rho LENGTH OF STAY Correlation Coefficient 1.000 -.449** .278** .245* 

Sig. (2-tailed) . .000 .004 .011 

N 107 107 107 107 

ENS  Correlation Coefficient -.449** 1.000 -.078 .047 

Sig. (2-tailed) .000 . .427 .633 

N 107 107 107 107 

AGE Correlation Coefficient .278** -.078 1.000 .242* 

Sig. (2-tailed) .004 .427 . .012 

N 107 107 107 107 

GENDER Correlation Coefficient .245* .047 .242* 1.000 

Sig. (2-tailed) .011 .633 .012 . 

N 107 107 107 107 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table C4.13: Correlational Analysis of LOS in PCA patients 
VARIABLES 

 
LOS 

 

AGE SURGERY HTN CAD SUBSTANCE 

LOS 

Pearson Correlation 1 .340
**

 -.211
*
 .208

*
 .238

*
 -.288

**
 

Sig. (2-tailed) 
 

.000 .034 .037 .017 .003 

N 101 101 101 101 101 101 

AGE 

Pearson Correlation .340
**

 1 -.263
**

 .345
**

 .356
**

 -.329
**

 

Sig. (2-tailed) .000 
 

.008 .000 .000 .001 

N 101 101 101 101 101 101 

SURGERY 

Pearson Correlation -.211
*
 -.263

**
 1 -.079 -.236

*
 .335

**
 

Sig. (2-tailed) .034 .008 
 

.431 .018 .001 

N 101 101 101 101 101 101 

HTN 

Pearson Correlation .208
*
 .345

**
 -.079 1 .189 -.202

*
 

Sig. (2-tailed) .037 .000 .431 
 

.058 .043 

N 101 101 101 101 101 101 

CAD 

Pearson Correlation .238
*
 .356

**
 -.236

*
 .189 1 -.264

**
 

Sig. (2-tailed) .017 .000 .018 .058 
 

.008 

N 101 101 101 101 101 101 

SUBSTANCE 

Pearson Correlation -.288
**

 -.329
**

 .335
**

 -.202
*
 -.264

**
 1 

Sig. (2-tailed) .003 .001 .001 .043 .008 
 

N 101 101 101 101 101 101 
**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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APPENDIX D 

 Numerical Pain Rating Scale 

       

  

                  

                  none        mild pain          moderate            severe 

 

       0 = no pain 

       1-3 = mild pain 

       4-6 = moderate pain 

       7-10 = severe pain 
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