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Acronyms and Variables

AGE, age (of patient)

ANESTIIET, anestheti st involved

ANOVA, analysis of variance

A 0-9, antiemetic used (day)

BMI, body mass index

CPM, continuous passive motion

CPMstart, days until CPM used

CPM2-9, degree of mobilization (day)

Daysambu, days until ambulation

DVT, deep vein thrombosis

FNB, femoral nerve block

Htcm, height in cm

LOS, length of stay

M 0-9, narcotic used (day)

PCA, patient - controlled analgesia

Ps 0-7, pain scale (day)

ROM, range of motion

SEX, sex (of patient)

SURGEON, surgeon involved

TKA, total knee arthroplasty

TKR, total knee replacement

TypeBlck, type of nerve block

VAS, visual analog scale

VGH, Victoria General Hospital

Wtkg, weight in kg



Abstract

Osteoarthritis is the most common form of arthritis among the elderly. It results from the
wear of the cartilage, including that which lies between the femur and tibia bones at the
knee joint. The degeneration of the cartilage results in severe pain as the surface of these
bones eventually rubs against each other.

As a result of the chronic pain, sufferers of osteoarthritis are usually recommended to
undergo total knee replacement surgery through which the worn-out cartilage is replaced
with a molded plastic plate inserted between metal prostheses. Due to the high levels of
pain following total knee replacement surgery, several anesthetic techniques are
employed to reduce postoperative pain and enhance rehabilitation. One of the techniques
that have gained recent attention in medical settings is the femoral nerve block procedure,
which has been discussed, broadly in medical literature but with conflicting results.

At the Victoria General Hospital, there are several techniques including the femoral nerve
block procedure that are administered following total knee replacement surgery to control
postoperative pain, promote patient comfort and increase early recovery from the surgery.
One hundred and forty three patients who had total knee replacement surgery between
1999 and 2001 were considered in the present study. These patients fell into three
categories depending on the anesthesia techniques employed: the single femoral nerve
block, the continuous catheter nerve block and the no nerve block procedures.

This practicum studies the effectiveness of the continuous and single femoral nerve block
procedures on the patients' outcome characteristics after total knee replacement.
Specifically, this study will compare several variables such as the use of
narcotics/morphine, pain control, antiemetic use, ambulation time, degree of
mobilization, and length of stay between patients receiving or not receiving femoral
nerve blocks after knee replacement to determine the extent of the procedure's
usefulness. Due to lack of normality in these variables, non-parametric methods such as

the Kruskal-Wallis and the odds ratios are employed in our analysis and are described in
the practicum.

Results from the study indicated femoral nerve blocks as effective over the no block
procedures in improving analgesia and decreasing morphine consumption. No significant
decrease in length of stay, days to ambulation and the degree of flexion of the knee were
noted with the femoral nerve blocks.
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Chapter 1

Introduction

Total knee replacement (TKR), also known as total knee arthroplasty (TKA), is a

surgical procedure commonly performed on the elderly. Pain after TKA is severe and

difficult to treat with oral analgesics (Allen, 1998). Uncontrolled pain results in

endocrine, metabolic, and inflammatory responses, which have adverse effects on

various organ functions (Kehlet, 1989). This is especially detrimental in the elderly

cohort with limited physiological reserves (Priebe, 2000). Postoperative pain after TKA

is a major concern as it is a strong factor influencing rehabilitation. It is severe in 607o

of patients and moderate in 307o (Bonica, 1990). It also hinders early intense physical

therapy, the most influential factor for good postoperative knee rehabilitation.

After TKA, postoperative pain relief can be achieved by a variety of techniques, such as

intravenous (tV) patient-controlled analgesia (PCA), epidural analgesia with narcotics,

and/or local anesthetics and lumbar plexus blockade. Each of these techniques has its

own perceived benefits and shortcomings. A number of studies have shown that

morphine, which is often given as the primary analgesic, is associated with several side

effects that compromise patient comfort and safety. On the other hand, Mulroy (2001)

and other studies have established that femoral nerve blocks (FNB) are effective in

reducing postoperative pain while reducing the need for opioids such as morphine.



Despite these findings, there are conflicting views held by physicians as to the

effectiveness of this procedure.

At the Victoria General Hospital (VGH), Winnipeg, the general belief held by

anesthetists is that the FNB procedure is simple and successful. Conversely, many VGH

orthopedic surgeons do not share this same confidence in the FNB with the belief that

FNB is ineffective, resulting in longer lengths of stay and increased incidence of

infection. The conflicting views on the FNB procedure (Victoria General Hospital,

2002) therefore motivated the present study for an objective statistical analysis of FNB

procedures and patient outcomes (in terms of analgesic efficacy and post operative knee

rehabilitation) related to this method of pain control. Specifically, this study will

compare several variables between patients receiving or not receiving FNB following

TKA to determine the extent of the procedures' usefulness.



Chapter 2

Total Knee Replacement and the LIse of FNB

2.LBackground in Medical Science

For the sake of completeness and future reference, we present a detailed medical

description of the disease, osteoarthritis, and the FNB procedure implemented in the

TKR surgery to correct the condition. The latter, described in Section 2.I.2, contains

rather technical medical terminology. For a further understanding, one should consult

the references or standard medical texts for an in-depth description of the medical

terminologies used.

2.1.1. Osteoarthritis and Total Knee Replacement Procedure

Arthritis, which literally means joint inflammation, refers to a group of more than 100

rheumatic diseases and conditions that can cause pain, stiffness and swelling of the

joints. It can indirectly affect other parts of the body such as the muscles, bones, and

some internal organs, and can result in debilitating, and sometimes life-threatening,

complications. If left undiagnosed and untreated, arthritis causes irreversible damage to

the joints. As such arthritis is a disease, which can greatly impact quality of life and is

potentially disabling. Arthritis generally affects older people but it can affect any age,

including children. The incidence of arthritis increases with age, but nearly three of

every five sufferers are under 65. The two most common forms of the disease,



osteoarthritis and rheumatoid arthritis, have the greatest public health implications. This

present study will focus on osteoarthritis, being the most common type.

Osteoarthritis is the most colnmon form of arthritis affecting one out of eight people

between the ages of 18 and 79. It results from the wear and tear of life, as we grow

older. The pressure of gravity and the weight of the body cause physical damage to the

joints and surrounding tissues, leading to pain, tenderness, swelling, and decreased

function. This is true of cartilage, the shock absorber and sliding surface that cover the

ends of bones. The cartilage contains fluid and elastic tissue, and reduces friction as the

joint moves. By age 50, there is 90 percent chance that one will have some visible

change in the cartilage due to mechanical stress. Osteoarthritis causes cartilage to wear

out and bone to rub against bone causing severe pain.

Normal
Knes

Figure 2.1: Picture of Worn-out Cartilage



Initially, osteoarthritis is noninflammatory and its onset is subtle and gradual, usually

involving one or only few joints. Most often the hand, or weight-bearing joints, such as

the knees, hips, and spine are affected by osteoarthritis. In addition to increasing age,

other risk factors include obesity, female gender, joint alignment, hereditary gene

defect, and repetitive joint use. Pain is the earliest symptom, usually made worse by

repetitive use. In the long term, loss of mobility may occur. The outlook of the disease

depends mainly on which joints are affected and the seriousness of the condition. There

are many forms of treatment available. For years, the pain and inflammation of

osteoarthritis have been treated with varying success, using medications, local steroid

injections, and joint replacement.

Considered in this study is the joint replacement treatment method with particular

reference to patients having osteoarthritis at the knee and undergoing TKR. This

treatment option is recommended for sufferers of osteoarthritis at the knee who can no

longer tolerate the unbearable pain, instability, and decreasing range of motion

associated with the disease. TKR is an invasive surgical procedure in which the knee

joint is exposed and "resurfaced" to accommodate a prosthetic joint. The distal femur

and proximal tibia ends are resected to provide a resting surface for the prosthesis. A

plastic molded plate is inserted between the metal prostheses as a cartilage substitute.

For the surgeon to maneuver within the joint with any degree of ease, the joint is

exposed and flexed in order to provide ample working space. As a result, it is clear that



postoperative pain following TKR can be agonizing and that providing effective

analgesia with minimal discomfort is imperative.

Due to the high levels of postoperative pain associated with the TKR surgical

procedure, various anesthetic techniques are employed. These includes: FNB, epidurals,

spinals, general anesthesia, or a combinations of these techniques to minimize patient

discomfort and eliminate pain, thereby increasing patient comfort and postoperative

knee rehabilitation after TKR. One primary concern is to assess the efficacy and the

efficiency of these methods and to compare their perfofinance in terms of effective

postoperative pain reduction on TKR recovery.

2.1.2 Medical Description of the Femoral Nerve and the FNB

The discussion in this section is based on the information found in the following

websites as at June 28,2003

http ://depts.washinston.edu/anesth/region allfemoraltext.html,

http://www.nysora.com/techniques/intermediate/fnb-tech/fnb-tech.htm,

http ://www.nda.ox. ac.ulc/wfsa/html/u I l/u 1 1 1 2 03. htm

http://www.calgaryhealthresion.calclin/anaesth/Regional/lVorkshopl0/femoraln.htm

In medical terms, the femoral nerve has contributions from the second, third and fourth

lumbar nerves and it descends between the psoas major (a muscle in the loins) and

iliacus muscles. It then enters the thigh passing deep to the inguinal ligament, running

parallel to the femoral artery where it divides into an anterior and posterior branch



slightly above the inguinal ligament. These branches travel together for a variable

distance before separating to travel in different tissue planes. The anterior branch

provides nerves to the sartorius muscle as well as sensory cutaneous fibers to the

anterior and medial thigh. The posterior branch provides nerves to the quadriceps

muscle, the knee joint, and its medial ligament before terminating as the saphenous

nerve. For more detailed medical information on the femoral nerve see Vloka (1997),

Victoria General Hospital (2002), and Arraf (2003).

In general terms, the FNB procedure involves the application of local anesthetic to the

femoral nerve so as to cause the absence of sensation in its distribution.

For this procedure, the patient lies flat on the bed in a supine position (i.e. with face

upward) with leg extended. Firstly, the point of injection is identified using the surface

landmarks. After identifying the site, a small amount of local anesthetic is often used to

create a skin wheal ("bleb") at the injection point for patient comfort. The needle is

inserted immediately lateral to the femoral artery pulse at the femoral crease and

advanced at a 60o angle posterior and towards the head. Once the desired needle

endpoint placement is obtained, 10-30mL of local anesthetic is then injected after

aspiration. For additional medical information on this procedure see Morphett (2000),

Vloka (1997), and Victoria General Hospital (2002).

There are two types of FNB procedure; the single injection and the continuous catheter

technique. These represent two of the three treatments being compared in our study.

The third being a treatment without the FNB.



2,1.2.1 The Single Injection Technique

The single injection method has the virtue of simplicity and generally involves less

probing with the needle. For this reason, it is popular but requires some practice for

high success. The site for the injection is the same as already described. However, the

needle is inserted directly perpendicular to the skin. See Morphett (2000) and Khoo

(1983) for a more in-depth medical description of the single injection technique.

2.1.2.2 The Continuous Catheter Technique

For the continuous FNB, a catheter is placed within the connective tissue "sheath" of

the femoral nerve, and is used to administer postoperative analgesia over several days

with local anesthetic infusion. This technique has been shown to significantly reduce

systemic opioid (i.e. narcotic) requirements with a minimum of complications. After the

femoral nerve is located, a skin nick is made around the needle and a plastic cannula

(i.e. a small surgical tube) is passed through the skin over the nerve stimulator needle

into the "sheath" of the femoral nerve. The initial dose of local anesthetic can be

injected through the cannula to establish the block and facilitate advancement of the

catheter. A nylon catheter is threaded through the cannula into the femoral "sheath".

The cannula is then removed. The catheter is sutured into place and a sterile dressed

applied. For a thorough medical description of the continuous FNB technique see Postel

(1984) and Anker-Moller (1990).



2.1.3 Summary of the FNB Procedure

Until recently, the FNB remained an infrequently used anesthesia technique despite its

positive clinical indications (Hadzic, 1998). FNB's were initially seen as being

unreliable and difficult to execute, with potential for local anesthetic toxicity and nerve

injury. Possible obstacles to its wider use may include unfavorable local practice

settings (Kopacz, 1993), the need for additional blocks, and inconsistent surgical

anesthesia, which are frequently reported with this method (Macrae, 1987). Suggested

needle insertion sites vary widely among published descriptions of the technique

(Carron, 1984). However, it is not known whether these insertion sites are equally

effective for prompt localization of the femoral nerve.

The benefits of the nerve block are now being made evident (see section 2.3). Studies

have shown that FNB's can offer an improved quality of analgesia, such that the need

for narcotics is avoided or reduced, subsequently reducing the risks of side effects and

delayed recovery. However, a continued debate exists among health professionals over

these supposed benefits necessitating that a further study be undertaken in this area.

This practicum, in part, attempts to determine the validity of the claim that the FNB

procedure is significantly more effective than the other techniques, based on data from a

retrospective study conducted at Victoria General Hospital.



2.2 Description of Study at Victoria General Hospital

The Victoria General Hospital is located in south Winnipeg. The hospital performs

approximately 100 primary TKR surgeries each year and maintains a database of the

health records of the patients who have undergone elective TKR surgery. Orthopedic

surgeons at this site use a standardized operative technique, all knee prostheses are

cemented and the surgery involves the use of the Genesis tr Total Knee System.

However, there are a number of intra operative options that this system offers and

which depend upon the surgeon's preference.

Due to the severe pain experienced by the patients postoperatively after TKR surgery,

anesthetists at the hospital employ a variety of pain anesthesia techniques such as

FNB's, epidurals, spinals, general anesthesia, or combinations of these techniques to

control pain and enhance early intense physical therapy for faster patient recovery. The

goal of this study, based on data collected at VGH, is to assess the effectiveness of the

FNB procedure and the outcomes for patients who have undergone elective TKR with

and without this procedure between 1999 and 2001.

Excluded from the study were all patients who had undergone knee revision surgery or

emergency knee replacements (due to trauma), those unable to comprehend pain scales

or to use patient control anesthesia (PCA) devices, those who had any contraindications

to the regional or anesthetic technique, and those discharged greater than seven post-

operative days whose complications were not due to the initial diagnosis. Patients with

pre-existing neurological deficits in the lower limbs also were excluded. Power analysis

10



revealed that a minimum sample size of 30 subjects in each of the FNB groups and non-

FNB group was required to achieve a power greater than 907o. The Victoria General

Hospital Research Ethics Board approved the study and confidentiality was maintained

to ensure the safety of the patients' health information. None of the patients were

contacted since the study involved an already existing database.

2.3 Literature Review

Despite the fact that there are many publications that cover the broad topic of the FNB

techniques, the findings have been contradictory. Whilst some researchers note that the

technique is simple and effective for postoperative analgesia after TKA, other

researchers hold a contrary view. This contradiction, which also reflects the views of

physicians at the VGH, motivated the present study. For the sake of easy reference, we

summarize the literature review from the publication, "A Comparison of Knee

Arthroplasty with and without Femoral Nerve Block" (Victoria General Hospital, 2002)

below. Consult Victoria General Hospital (2002) for more details on these studies,

including sample sizes and p-values of the statistical tests. Many of the response

variables mentioned below will be defined in greater detail in Chapter 3.

Source: Allen, Liu, Ware, Nairn, and Owens (1998)

Goal of Study: Test effectiveness of FNB's against a placebo nerve block in TKR,

based on the variables: pain, morphine use, nausga, pruritis, sedation, and patient

satisfaction.

11



Conclusion: FNB's are effective over placebo in improving analgesia and decreasing

morphine consumption. No significant decrease in side effects with FNBs.

Source: Singelyn, Deyaert, Joris, Pendeville, and Gouverneur (1998)

Goal of Stud)¡: Compare three analgesia methods (continuous FNB, epideral analgesia,

intravenous PCA morphine analgesia) on postoperative knee rehabilitation following

TKA.

Conclusion: Among other things, the FNB and the epidural analgesia significantly

reduced pain, improved knee flexion, quickened ambulation, and reduced the length of

stay for patients.

Source: Serpell, Millar, and Thomson (1991)

Goal of Study: Compare patients with and without FNB following TKR in terms of

postoperative pain, analgesic requirements and side effects.

Conclusion: No significant difference detected in the two groups in terms of

postoperative pain and side effects. However, the FNB procedure significantly reduced

morphine intake compared with the control.

Source: Edwards and Wright (1992)

Goal of Stud]¡: Test the effectiveness of the continuous infusion FNB with general

anesthesia over a control group for patients undergoing TKR in terms of pain relief and

analgesic requirements.

t2



Conclusion: Continuous infusion FNB significantly reduced analgesic requirements and

offered improved pain control.

Source: Dahl, Anker-Mollar, Spansberg, Schultz, and Christensen (1988a)

Goal of Studl¿: Compare continuous femoral nerve block with sodium chloride (control)

based on pain scores and morphine use after TKR.

Conclusion: No significant difference was found between the two procedures in terms

of the study variables.

Source: Flirst, Land, Dust, Cassidy, and Yip (1996)

Goal of Stud)¡: Investigate three techniques: continuous infusion FNB, single injection

FNB, and a control group for patients after TKR and compared their effects on pain

scores, opioid consumption and side effects.

Conclusion: Continuous and single FNB procedures independently demonstrated

significantly lower pain scores compared to the control procedure. No observed

differences in pain scores and morphine use were found beyond the recovery room.

Source: Capdevila, Barthelet, Biboulet, Ryckwaert, Rubenovitch, and d'Athis (1999)

Goal of Stud)¡: Study the effect of continuous infusion FNB, continuous epidural

infusion and intravenous PCA morphine analgesia on pain scores, rehabilitation, length

of stay and morphine use for patients following TKR.

Conclusion: Continuous infusion FNB and continuous epidural infusion significantly

reduced pain scores, length of stay and morphine use compared to the use of

t3



intravenous PCA. In addition, the former techniques significantly enhanced early

rehabilitation but there was observed side effects among the continuous epidural

infusion group.

Source: Dahl, Christiansen, Daugaard, Schultz, and Carlson (1998b)

Goal of Stud)¡: Compare continuous FNB with bupivacaine to sodium chloride

(control) based on pain scores, morphine requirements, side effects, and plasma

concentrations of bupivacaine (toxicity) after TKR.

Conclusion: Continuous FNB significantly reduced morphine requirement and pain

scores. No observed differences in side effects and toxicity among the two treatment

groups were found.

Source: Singelyn and Gouverneur (2000)

Goal of Study: Evaluate the effectiveness of the continuous FNB procedure over

patient control technique concerning bupivacaine requirements, pain scores,

supplemental analgesia, and side effects after TKR based on the three treatment groups:

continuous infusion, continuous infusion with PCA boluses, or strictly PCA boluses.

Conclusion: No significant differences were detected on any of the measured variables

except for bupivacaine consumption. The PCA bolus groups showed significantly lower

bupivacaine requirement with the strictly PCA bolus having the least significant

bupivacaine requirement.

Source: Mulroy, Larkin, Batra, Hodgson, and Owens (2001)
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Goal of Stud)¡: Compare three analgesia methods: FNB with 0.257o bupivacaine, FNB

with 0.5Vo bupivacaine, and a control group with a sham block in terms of pain scores

and analgesic consumption following arthroscopic anterior cruciate ligament repair

under epidural anesthesia.

Conclusion: Both FNB groups showed significantly better pain control than the control

group. There were no observed differences in pain scores and analgesic requirement

among the two FNB groups.

Source: Schultz , Anker-Moller, Dahl , Christensen , Spangsberg , Fauno (1991)

Goal of Studl¡: Compare the effects of continuous FNB with bupivacaine against

epidural morphine in terms of postoperative pain, morphine requirement and side

effects after TKR.

Conclusion: Continuous FNB effective over epidural morphine and reduced the

incidence of side effects such as nausea, vomiting, pruritus, and urinary retention

significantly. However, no significant differences between the two groups were noted

regarding pain score or supplemental morphine use.

Source: Wang, Boctor, and Verner (2002)

Goal of Study: Assess the effect of the single injection FNB (bupivacaine) procedure

against a control group who received a single placebo saline injection in terms of

postoperative pain, morphine consumption, ambulating distances, and maximum knee

flexion.
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Conclusion: Single injection FNB significantly reduced total morphine requirements,

pain scores, and length of stay. In addition, the former technique significantly improved

knee flexion, early day of ambulation, and increased ambulation distances.

Source: Gose (1987)

Goal of Study: Evaluate the use of continuous passive motion (CPM) machine in

postoperative treatment after TKR by comparing two groups, with one group not

receiving CPM, in terms of length of stay, frequency of complications, and knee range

of motion at discharge.

Conclusion: CPM significantly reduced postoperative days and frequency of

complications but no observed differences between the two groups were found

regarding the range of motion.

Most of the above studies assessed postoperative pain control and supplemental

morphine consumption prospectively with only few retrospective chart reviews existing

on the topic. In addition, only few studies considered the variables length of stay,

ambulation time, degree of mobilization and side effects. Moreover, the limitations to

most of the studies due to small sample sizes as well as the continued debate over the

use of the FNB procedure for pain control indicates the need to perform the current

research on the FNB procedure to ascertain its effectiveness on rehabilitation following

TKR. The present study at the VGH, which seeks to assess the effectiveness of the FNB

procedure, used a larger sample and investigated not only pain control and analgesic
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use, but also length of stay, ambulation time, antiemetic use, and degree of mobilization

(knee flexion). This thesis forms a part of that study.
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Chapter 3

Description of Data and Planned Statistical
Analysis

3.L Description of the Data

The data we will analyze consist of a retrospective review of medical charts of 143

patients who had undergone elective TKR surgery at the VGH between 1999 and 2001.

In particular, a subset of the data, which consists of 133 patients who followed the TKR

care map and had no complications after undergoing TKR surgery were used for the

analysis. An additional subset of 10 patients was analyzed separately. These patients

developed complications and were taken off the care map and therefore differed in their

outcomes of patient characteristics such as degree of mobilization, complications, pain

score and morphine use. They will be studied separately in Section 4.3.

Patient information from the patients' medical charts were transferred onto data

collection forms and finally entered into a Microsoft Excel spreadsheet. The data were

double entered into Excel and the entries compared to eliminate data entry errors. Of the

133 complication-free patients who had elective TKR, 49 had no FNB and were given

other forms of anesthetics to control postoperative pain, 33 had a single FNB, and 51

had a continuous FNB procedure.
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The variables (units) considered in the analysis include: length of stay ( in days), use of

morphine/narcotics ( in mg), ambulation time ( in days), degree of mobilization (in

degrees), antiemetic use (frequencies), pain score (of ordinal scale, 0 - 5), type of block

(0 = No FNB, 1 = Single FNB, 2 = Continuous FNB), Surgeon (6 surgeons labelled 1 -

6), Anesthetist (15 anesthetists labelled 1 - 15), continuous passive motion (CPM)

machine (postoperative day it was started), and other demographic characteristics such

as age (in years), sex (0 = Female, 1 = Male), height (in cm), weight (in kg) and body

mass index (BÀ/tr).

The variable morphine (total morphine) in this analysis was the combined scheduled

and non-scheduled narcotics taken by patients on each day. Total morphine was

obtained by converting all narcotics such as epimorphine, fentanyl, meperidine, codeine

(#1 and #3), and patient control analgesics to morphine using drug equivalency

formulas.

Ambulation was defined as the act of making the knee joint moveable and of restoring

the power of motion in the joint to the point where the patient is ambulating. Days to

ambulation were recorded as the first day of ambulation with or without aids following

TKR.

The degree of mobilization was defined as the return of function of the operative joint.

Mobilization was indicated by the number of degrees of range of motion (ROM) that

the patient achieved (preset physiotherapy range of motion goals) on the continuous
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passive motion machine. That is, the patient's ROM progression, the maximum ROM

attained during hospitalization, and ROM achieved upon discharge were recorded. The

variable continuous passive motion (CPM) indicates the postoperative day the patient

started on CPM.

Antiemetic use was used as an indicator of nausea./vomiting and represented the number

of times patients received an antiemetic by day. This variable in our analysis is the

combined frequency of scheduled and non-scheduled antiemetics used by a patient by

day.

Pain levels were assessed using pain scores as reported by patients using the visual

analog scale (VAS) with scores ranging from 0 to 5 (0 indicating no pain and 5 being

the highest amount of pain). The variable recorded was the highest score reported on the

patient analgesia flow sheet on each postoperative day. In some instance, the pain score

was categorized as 0-2 on the care map indicating managed (under control) pain, which

was recorded as '6' in the original data set. Conversely, patients on the care map whose

pain scores were not in the 0-2 category on the pain scale had a value of '7' for their

pain score in the original data set to represent unmanaged pain. For the analysis of the

pain score variable, the 0-5 pain scale was dichotomized as managed (level 1) and

unmanaged (level 2) pain with pain scores being 0-2 and 2.5-5 respectively. A pain

score of 2.5 was taken as the average when the pain score reported by patients was

between 2 and 3 on VAS. Consequently, because of the 6's and 7's in the recorded data,
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patients with pain scores of '6' and'7' in the original data were recoded to fall into the

managed (group 1) and unmanaged pain (group 2) groups respectively.

Patients in this study had records for most of the variables for the first few days after the

knee surgery but there was a gradual decline in patient information as the postoperative

days progressed, leaving most variables with less than l07o patient records from

postoperative day 7 onwards. However the analysis was carried out based on the

available records for the patients over days, not taking into account unavailability of

information for a patient.

3.2 Descriptive Statistics Tables

3.2.L Variable Summaries

Apart from graphical summaries, all data analysis in Chapter 3 was performed using the

SAS package (version 8.2). See Appendix for relevant SAS code.

The following table lists all variables measured in the VGH study. The number of

records, N, and their ranges (minimum and maximum values) are given as well.

Table 3.1: Variable Summaries

Variable/units Symbol N Minimum Maximum

Age (years) Age t33 38 88

Sex (M=1, F=0) Sex 133 0 1
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Table 3.1: Variable Summaries (continued)

Variable/units Symbol N Minimum Maximum

Length of stay
(days)

LOS r33 4 11

Height (cm) Htcm 133 r42.20 r89.23

Weight (kg) Wtkg 132 47.70 t27.00

Body mass index BMI 132 17.60 48.10

Days to ambulation
(days)

Daysambu r33 2 J

Continuous motion
machine (days)

CPMstart t33 2 4

Type of block
(0, r,2\

TypeBlck 133 0 2

Surgeon (name) Surgeon 133 1 6

Anesthetist (name) Anesthet r33 I 15

Degree of
mobilization on day
2 (degrees)

CPM2 119 30 60

Degree of
mobilization on day
3 (degrees)

CPM3 13r 30 90

Degree of
mobilization on day
4 (degrees)

CPM4 L3L 40 90

Degree of
mobilization on day
5 (degrees)

CPM5 r3t 47 95

Degree of
mobilization on day
6 (degrees)

CPM6 125 45 90
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Table 3.1: Variable Summaries (continued)

Variable/units Symbol N Minimum Maximum

Degree of
mobilization on day
7 (degrees)

CPMT r02 45 95

Degree of
mobilization on day
8 ldesrees)

CPMS I4 60 90

Degree of
mobilization on day
9 (deerees)

CPM9 4 70 80

Pain score on
operation day
(categorical: 1,2)

Ps0 133 1 2

Pain score on day 1

(categorical: 1,2\
Ps1 r33 1 2

Pain score on day 2
(categorical: I,2\

Ps2 r33 I 2

Pain score on day 3
(categorical: I,2)

Ps3 133 1 2

Pain score on day 4
(categorical: 7,2\

Ps4 133 1 1

Pain score on day 5
(categorical: I,2)

Ps5 132 1 2

Pain score on day 6
(categorical: 1,2)

Ps6 128 I 2

Pain score on day 7
(categorical: I,2)

Ps7 106 I 2

Morphine intake on
ooeration dav lms)

MO r25 0 79.38

Morphine intake on
day 1 (me)

M1 98 0 14r.28

Morphine intake on
dav 2 lms)

M2 99 0 68.90

Morphine intake on
dav 3 (ms)

M3 101 0 35.87

Morphine intake on
day 4 (mg)

M4 98 0 66.67

Morphine intake on
day 5 (me)

M5 88 0 40.00

Morphine intake on
day 6 (mg)

M6 90 0 40.00
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Variable/units Symbol N Minimum Maximum

Morphine intake on
day 7 (me)

M7 72 0 33.33

Morphine intake on
dav 8 (me)

M8 n 0 46.67

Morphine intake on
day 9 (me)

M9 6 0 26.67

Antiemetic use on
operation day (freq)

AO 126 0 8

Antiemetic use on
dav 1 (frequencv)

A1 67 0 4

Antiemetic use on
dav 2 lfreauencv)

A2 11 0 J

Antiemetic use on
day 3 (frequency)

A3 T3 0 J

Antiemetic use on
dav 4 (freouencv)

A4 t4 0 2

Antiemetic use on
dav 5 (freouencv)

A5 10 0 5

Antiemetic use on
day 6 (frequency)

A6 5 0 J

Antiemetic use on
day 7 (frequency)

A7 5 0 2

Antiemetic use on
dav 8 lfreouencv)

A8 J 0 J

Antiemetic use on
day 9 (frequency)

A9 2 0 2

Table 3.1: Variable Summaries (continued)

Note: In M0-M9 all narcotics were converted to morphine equivalent using drug

equivalency formulas.
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3.2.2 Frequency Tables for the Variables

In this subsection, we present the distribution for each variable of interest in our data

set. Distributions are given in four ways: frequency (percent) and cumulative (percent)

frequency.

Table 3.2: Distribution of Sex (N = 133)

Table 3.3: Distribution of længth of Stay (N = 133)

Sex Frequency Percent (Vo) Cumulative
Frequency

Cumulative
Percent (7o)

0 (Female) 81 60.90 81 60.90

I (Male) 52 39.10 t33 100

LOS (days) Frequency Percent (Vo) Cumulative
Frequency

Cumulative
Percent (7o\

4 1 0.75 I 0.75

5 2 1.50 J 2.26

6 t6 12.03 l9 14.29

7 80 60.15 99 74.44

8 26 19.55 125 93.98

9 4 3.01 129 96.99

10 -f 2.26 t32 99.25

11 I 0.15 r33 100.00
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CPMstart
(davs)

Frequency Percent (7o) Cumulative
Frequencv

Cumulative
Percent (7o)

2 85 63.91 85 63.91

J 47 35.34 132 99.25

4 1 0.75 t33 100

Table 3.4: Distribution of First Day to Continuous Passive Motion Machine (N = 133)

Table 3.5: Distribution of Days to Ambulation (N= 133)

Table 3.6: Distribution of Block Type (N = 133)

Daysambu
(days)

Frequency Percent (Vo) Cumulative
Freouencv

Cumulative
Percent (Vo)

2 tzt 90.98 12t 90.98

-J t2 9.02 t33 100

TypeBlck Frequency Percent (7o) Cumulative
Freouencv

Cumulative
Percent (7o)

No FNB (0) 49 36.84 49 36.84

Single FNB
(1)

JJ 24.8r 82 6r.65

Continuous
FNB (2)

51 38.35 133 100.00
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Table 3.7: Distribution of Surgeon (N = 133)

Surgeon
lnumber)

Frequency Percent (Vo) Cumulative
Freouencv

Cumulative
Percent (7o\

I 28 2r.05 28 2r.05

2 25 18.80 53 39.85

õ
J 29 21.80 82 6r.65

4 I6 12.03 98 73.68

5 34 25.56 t32 99.25

6 1 0.75 r33 100.00
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Table 3.8: Distribution of Anesthetist (N = 133)

Anesthet
lnumber)

Frequency Percent (7o) Cumulative
Freouencv

Cumulative
Percent (7o\

I L9 14.29 t9 14.29

2 6 4.51 25 18.80

J 1l 8.21 36 27.07

4 1 0.75 37 27.82

5 4 3.01 4t 30.83

7 5 3.76 46 34.59

8 22 16.54 68 51.13

9 2t 15.79 89 66.92

10 11 8.27 100 75.19

1t 1 0.75 101 75.94

t2 27 20.30 r28 96.24

L3 2 1.50 130 97.74

15 J 2.26 t33 100.00
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Pain-score Frequency Percent (7o) Cumulative
Freouencv

Cumulative
Percent (Vo)

Ps0 1

2

88

45

66.r7

33.83

88

133

66.t7

100.00

Psl I

2

67

66

50.38

49.62

67

133

50.38

100.00

Ps2 1

2

r24

9

93.23

6.77

124

t33

93.23

100.00

Ps3 1

2

T32

1

99.25

0.75

t32

133

99.25

100.00

Ps4 I

2

133

0

100.00

0.00

r33

r33

100.00

100.00

Ps5 I

2

13t

1

99.24

0.76

13l

r32 *

99.24

100.00

Ps6 1

2

t21

1

99.22

0.78

127

Lzg*

99.22

100.00

Ps7 1

2

105

I

99.06

0.94

r.05

106*

99.06

100.00

Table 3.9: Distribution of Pain Scores from Day 0 to Day 7 (I = managed pain,2 =

unmanaged pain)

* Indicates less than 133 patients had records ofpain score on that day due to discharge

29



3.2.3 Means Tables for Quantitative Variables

Three key quantitative variables studied are morphine use, antiemetic use and degree of

mobilization. The following tables record the means for each variable per day over all

recorded data. Values of N that are less than the total 133 patients in our study reflect zero

values or patients discharged from the hospital. Although already reported in Table 3.1, we

provide the minimum and maximum for reference.

Table 3.10: Mean Morphine Use (mg) by Day

Variable-
Momhine

N Minimum Maximum Mean Stdev

MO 125 0 79.38 4.84 1,0.64

MI 98 0 r4L28 19.76 20.79

M2 99 0 68.90 13.13 11.85

M3 101 0 35.87 8.63 7.r7

M4 98 0 66.67 10.02 8.47

M5 88 0 40.00 10.33 7.24

M6 90 0 40.00 9.77 5.90

M7 72 0 JJ.JJ 7.61 5.94

M8 L7 0 46.67 12.44 3.48

M9 6 0 26.67 13.74 0.28

Note: All narcotics converted to morphine equivalent using drug equivalency formulas.
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Variable-
Antiemetic

N Minimum Maximum Mean Stdev

AO 126 0 8 3.36 1.50

A1 67 0 4 1,.57 0.96

A2 11 0
õ
J 1.27 0.39

A3 13 0 J r.23 o.4t

A4 T4 0 2 r.28 0.42

A5 10 0 5 1.90 0.60

A6 5 0 J 2.OO 0.42

A7 5 0 2 1.20 0.24

A8 J 0 J 1.68 0.28

A9 2 0 2 1.53 0.19

Table 3.11: Mean Frequency of Antiemetic Use by Day

Table 3.12: Mean Degree of Mobilization by Day (degrees)

Variable-
Degree of
Mobilization

N Minimum Maximum Mean Stdev

CPM2 85 30 60 34.82 L0l

CPM3 131 30 90 57.02 t2.72

CPM4 L3L 40 90 63.80 1 1.85

CPM5 131 4l 95 73.98 10.38

CPM6 r25 45 90 78.29 9.68

CPMT r02 45 95 77.73 10.71

CPMS l4 60 90 76.57 8.08

CPM9 4 10 80 77.50 5.00
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In Table 3.12, data from 85 patients (<133) is reported on day 2. This reflects

surgeon's preference (surgeon # 2 with n = 34 patients) to begin CPM on day

addition to 14 other patients who had no record of degree of mobilization on day 2.

3.2.4 Overall Demographics

In this subsection, we describe the group of 133 patients involved in our study by

constructing histograms for the demographic variables: age (in years), height (in cm),

weight (in kg) and BMI. Homogeneity of the 133 patients in terms of other variables,

such as sex, subsequently follows. It is worth mentioning that the distribution of weight

and BMI were based on 132 patients, as one patient had no record for these variables.

Figure 3.1 Histogram of Age.
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Figure 3.4 Histogram of BMI

The histogram of age is skewed to the right, ranging between 38 and 88. More than 507o

of the patients are above 65 years suggesting an aged study population. However, the

histograms for the variables height, weight, and BMI are nearly symmetric with some

outliers.

Specific observations concerning key variables on the group of 133 are outlined below.

o From the one-way frequencies in Table 3.2, roughly 60Vo of the patients are

female, indicating a high proportion of females in the study population;
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o Most of the patients ambulated early, the latest by the second day after the knee

surgery. Approximately 99Vo of the patients started CPM by day three, possibly

due to one surgeon starting his patients on CPM only after day 2;

o There is an increasing trend in the degree of mobilization from day 2 after

surgery until day 9;

o Close to one in four patients (approximately 25%o) had their length of stay

exceed seven days after surgery. Most of the patients (roughly 75Vo) werc

discharged by day 7;

o The number of TKR done was not uniform among the hospital surgeons with

one surgeon (number 6) performing the least;

o The percentage of patients with managed pain was consistently higher than

those with unmanaged pain for each day after TKR;

o There is a decreasing trend in the amount of morphine and antiemetic use from

the operative day until day 9 after surgery.

3.3 Objectives and Methods

3.3.L Objectives

The objective of the study is to compare patients who received FNB with patients who

did not receive FNB after TKR surgery in terms of the following major variables: the

amount of narcotics used, pain control, the amount of antiemetic used, the number of

days to ambulation, length of stay after surgery and degree of mobilization. For the
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comparison to be meaningful, it is imperative that patients in any one group be similar

(demographically) to the patients in any other group.

3.3.2 Preliminary Analysis

The initial analysis compares the three groups on demographic variables. We begin with

a table recording basic summary statistics on key demographic variables.

Table 3.13: Summary Statistics on Demographic Variables

Table 3.14: Frequency Table of Type of Block by Sex

Recall that roughly 607o of the 133 patients in our study are female. From the row

percents in Table 3.14, this proportion is closely followed in each of the three groups. To

Variable Minimum Median Maximum Mean Stdev

Sex 0 1

Age 38.00 70.00 88.00 69.71 9.27

Height 142.20 165.05 189.23 166.t6 10.15

Weight 47.70 81.90 r27.00 84.27 16.24

BMI t7.60 30.50 48.10 30.56 5.59

Frequency
Row Pct

Female Male Total

No FNB 30
6r.22

t9
38.78

49

Single FNB 2l
63.64

12

36.36
33

Continuous FNB 30
58.82

2I
4r.18

51

Total 81

60.90
52
39.10

133
100
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verify homogeneity of the demographic variables: age, height, weight and BMI among

the three treatment groups, we constructed side-by-side box-plots from the data and

performed F-tests. The results are as follows.
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Fig. 3.5 Boxplot of Age by Type of Block
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m

Fig. 3.8 Boxplot of BMI by Type of Block

Table 3.15: Statistical Tests for Equality of Patient Groups Based on Demographic

Variables (N = 133)

Variable F-Value P-Value

Sex 0.12 0.89r

Age 0.r2 0.889

Height r.54 0.219

Weight* 2.00 0.139

BMI* 1.15 0.321
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Note: * Indicates l32patrents for the variables since one patient's record was missing.

These statistical tests do not provide any evidence of a difference in demographic

characteristics among the three groups at the 5Vo level of significance. These are

supported by the boxplots, which are comparable except for a few outliers.

Furthermore, the table on the summary statistic of the demographic variables lends

support to the tests. Of the 133 patients in the study, 617o of them were women. This

might be due to the prevalence of osteoarthritis among women.

3.4 Comparison Treatments Using Descriptive
Statistics

Before conducting statistical tests of hypothesis to detect differences between the three

treatment groups, we will conduct a preliminary analysis using descriptive statistics on

five variables: pain-score, morphine use, antiemetic use, degree of mobilization and

length of stay. We will employ several different methods such as frequency tables,

mean tables, and line charts, depending on the variable, as some are more appropriate

than others at illustrating differences between the three groups.
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Pain-Score/
(days)

No FNB,
n= 49

FNB (single
dose), n=33

FNB (continuous
dose), n=5I

Row Total
N=L33

Day} 0-2
2.5-5
NOR*

22 (44.90)
2t (ss.t0)
0

27 (8t.82)
6 (18.18)
0

3e (76.47)
L2 (23.s3)
0

88 (66.17)
4s (33.83)
0

Dayl 0-2
2.5-5
NOR

1e (38.78)
30 (6r.22)
0

17 (sr.sz)
16 (48.48)
0

31 (60.78)
20 (3e.22)
0

67 (s0.38)
66 (4e.62)
0

Day2 0-2
2.5-5
NOR

47 (es9z)
2 (4.08)
0

3r (e3.e4)
2 (6.06)
0

46 (e0.20)
s (e.80)
0

124 (93.23)
e (6.17)
0

Day3 0-2
2.5-5
NOR

48 (e7.96)
t (2.04)
0

33 (100.00)
0 (0.00)
0

s1 (100.00)
0 (0.00)
0

r32 (9e.2s)
1 (0.7s)
0

Day4 0-2
2.5-5
NOR

49 (100.00)
0 (0.00)
0

33 (100.00)
o (0.00)
0

51 (100.00)
o (0.00)
0

133 (100.0)
o (0.00)
0

Day5 0-2
2.5-5
NOR

48 (97.e6)
t (2.04)
0

32 (100.00)
0 (0.00)
I

s1 (100.00)
0 (0.00)
0

r3r (99.24)
I (0.76)
I

Day6 0-2
2.5-5

NOR

47 (100.00)
0 (0.00)
2

31 (100.00)
0 (0.00)
2

4e (e8.00)
1 (2.00)
1

r27 (99.22)
1 (0.78)
5

DayT 0-2
2.5-5
NOR

39 (100.00)
0 (0.00)
10

2s (100.00)
0 (0.00)
8

4L (e7.62)
t (2.38)
9

10s (ee.06)
I (0.e4)
27

Table 3.16: Frequency (Percent) Table for Pain Score by Group Over Days

* Indicates the number of patients with no pain-score records.
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Morphine (mg)/
(days)

No FNB,
n= 49

FNB (single dose),
n =33

FNB (continuous dose),
n= 5I

Day0 Mean
Range

636 (12.88)
(0.00, 19.38)

6.0e (12.38)
(0.00, 57.08)

1.42 (s.02)
(0.00, 34.00)

Dayl Mean
Range

T7.83 (r9.10)
(0.00, 82.2)

20.20 (29.34)
(0.00, 14r.28)

7.76 (1r.83)
(0.00, 60.6)

DayZ Mean
Range

rr.74 (12.65)
(0.00, 68.14)

13.62 (14.33)
(0.00,68.90)

6.ss (7.8e)
(0.00, 27.43)

Day3 Mean
Range

7.79 (8.22)
(0.00,35.87)

6.47 (7.26)
(0.00,33.00)

s.41 (s.86)
(0.00,23.00)

Day4 Mean
Range

7.te (e.ge)
(0.00, 66.67)

8.06 (8.7s)
(0.00,40.00)

7.r3 (6.78)
(0.00, 34.00)

Day5 Mean
Range

7.24 (7.80)
(0.00,40.00)

6.22 (6.60)
(0.00, 26.61)

6.84 (7.20)
(0.00,40.00)

Day6 Mean
Range

6.36 (7.33)
(0.00,40.00)

7.ls (8.06)
(0.00,33.33)

6.so (6.76)
(0.00, 36.00)

DayT Mean
Range

3.83 (6.06)
(0.00,33.33)

4.62 (6.s3)
(0.00,33.33)

4.07 (s.3e)
(0.00,20.00)

DayS Mean
Range

r.e3 (7.72)
(0.00, 46.67)

2.0e (6.58)
(0.00,33.33)

0.92 (2.1s)
(0.00, Tr.43)

Day9 Mean
Range

0.68 (3.e1)
(0.00,26.67)

0.98 (4.72)
(0.00,26.67)

0.34 (1.70)
(0.00, 10.00)

Table 3.17: Overall Mean (Standard Deviation, Range) of Morphine (mg) Taken by
Group Over Days

Note: All narcotics converted to morphine equivalent.
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Fig. 3.11 Overall Mean Amount of Morphine (mg) by Group Over Days

Note: All narcotics converted to morphine equivalent.
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Antiemetics /
(days)

No FNB ,

n= 49
FNB (single dose),
n=33

FNB (continuous dose),
n=5I

DayO 3.47 (r.42) 3.21 (r.46) 2.84 (t.s1)

Dayl 1.04 (r.02) 0.7e (0.e6) O.ss (0.86)

Day2 0.r2 (0.39) 0.0e (0.2e) 0.10 (0.46)

Day3 0.10 (0.37) 0.18 (0.s8) 0.10 (0.30)

Day4 0.10 (0.37) 0.ls (0.s1) 0.16 (0.42)

Day5 0.r2 (0.73) 0.ls (0.s1) 0.16 (0.s4)

Day6 0.08 (0.4s) 0.06 (0.34) 0.08 (0.44)

DayT 0.02 (0.14) 0.00 (0.00) 0.10 (0.36)

DayS 0.00 (0.00) 0.03 (0.17) 0.08 (0.44)

Day9 0.02 (0.14) 0.00 (0.00) 0.04 (0.28)

Table 3.18: Mean Frequency of Antiemetic Use (Standard Deviation) by Group Over
Days

Fig3.I2 Mean Frequency of Antiemetic Use by Group over Days

tr Nil

A Single

E Continuous

4

3.5

o
6 2.5
f
ET(l)2

E 1.so
=1

0.5

0
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DOM
(degrees)/
(davs)

No FNB,
n= 49

FNB (single dose),
n=33

FNB (continuous dose),
n=5I

Day2 Mean
NOR*

s3.s2 (29.9t)
7

s6.67 (30.98)
J

s0.60 (29.10)
4

Day3 Mean
NOR

ss.83 (13.27)
1

58.58 (r2.rr)
0

57.r2 (12.71)
I

Day4 Mean
NOR

61.80 (11.s7)
0

66.06 (11.e1)
0

64.2e (11.99)
2

Day5 Mean
NOR

73.r2 (10.s0)
0

7s.94 (e.20)
1

13.s6 (11.01)
1

Day6 Mean
NOR

7s.8s (e.80)
2

81.00 (7.92)
2

78.94 (10.21)
4

DayT Mean
NOR

76.10 (11.40)
10

7e.46 (8.43)
5

18.r4 (11.53)
16

DayS Mean
NOR

78.7s (e.e1)
47

74.00 (1.73)
30

73.33 (s.77)
48

Day9 Mean
NOR

80.00 (--)
48

80.00 (--)
32

75.00 (7.07)
49

Dayl0 Mean
NOR

Overall
CPMROM
Mean bv Grouo

69.37 71.46 68.87

Table 3.19: Mean Degree of Mobilization (Standard Deviation) by Group Over Days

x Denotes number of patients with no records.
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Fig 3.13 Line Chart for Mean Degree of Mobilization by Group Over Days

Table 3.20: Frequency Table for Type of Block by Days to Ambulation

TypeBlck Daysambu

Frequency
Row Pct l7o)

2 -J Total

No FNB 43
87.76

6
12.24

49

Single FNB --JJ

100.00
0
0.00

-1-1

Continuous FNB 45
88.24

6
tr.76

51

Total t2r
90.98

t2
9.02

133
r00
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Table 3.ZL:Frequency Table for Type of Block by Length of Stay.

TypeBlck LOS (days)

From the tables and plots we make the following observations. There appears to be a

difference in pain scores between groups on operation day and day one after surgery.

Patients who received single or continuous FNB's appear to experience less unmanaged

pain than those with no FNB. It can be seen that patients with single or continuous

FNB's more frequently experienced manageable pain and were therefore more likely to

rehabilitate faster. Continuous FNB patients appear to have taken significantly less

amount of narcotics (morphine equivalent) for the first three days than the single and no

FNB groups. The single FNB patients on average had taken more morphine on day one

after surgery compared to the other groups. For antiemetic use, it appears there are

differences between the three groups on the day of surgery and day one after surgery. It

48

Frequency
Percent (7o)

Row Pct (%)

4 5 6 7 8 9 10 11 Total

No FNB 0
0.00
0.00

0
0.00
0.00

7

5.26
t4.29

28
2r.05
57.14

11

8.27
22.45

2

1.50
4.08

0

0.00
0.00

I
0.75
2.04

49
36.84

Single FNB 1

0.75
3.03

1

0.75
3.03

2

1.50
6.06

21

15.79
63.64

6
5.51
18.18

1

0.75
3.03

1

0.75
3.03

0
0.00
0.00

JJ

24.81

Continuous
FNB

0
0.00
0.00

1

0.75
r.96

7

5.26
t3.73

3t
23.3r
60.78

9
6.71
t7.65

1

0.75
1.96

2

1.50
3.92

0
0.00
0.00

51

38.35

Total 1

0.75
2

1.50
T6

t2.03
80
60.15

26
19.55

4
3.01

J

2.26
1

0.75
133
100



is interesting to note that on day 2, the continuous FNB group experienced on average,

higher pain scores but lower morphine use compared with the other two groups. The

continuous FNB group seems to have the lowest mean frequency of antiemetic use.

There is no observed significant difference for the variable degree of mobilization.

Though it appears not to be exactly the same among the groups, the differences are not

statistically significant (see Chapter 4). The days to ambulation for the continuous FNB

patients are comparable to patients who had no block. Strikingly, all the patients who

had the single FNB ambulated on day two after surgery. Overall, more than 907o of all

the patients who had the knee surgery ambulated on day two. Sixty percent of the

patients spent 7 days at the hospital after surgery. By the seventh day, more patients

(63.64Vo) who had single FNB had been discharged than any other group. The no FNB

group had the least number (57.I4Vo) of patients discharged by day seven after surgery.

Following the initial comparison of the three groups, the outcome measures were

analyzed using appropriate non-parametric tests such as chi-square analysis, and the

Kruskal-Wallis test for analysis of variance. These nonparametric methods were used

due to high non-normal distribution of the data. The odds ratio method of comparison

was also employed for the variable pain score and length of stay, when dichotomized in

a clinically meaningful way.
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3.5 StatisticalConcepts.

Before presenting the results of our statistical tests in Chapter 4, we give an overview

of each method employed in the analysis. The statistical inference procedures will

enable us to objectively compare the three treatment groups and hence determine

whether the FNB procedure is indeed more effective than the conventional methods.

3.5.1 Introduction

Most statistical tests and procedures are based on specific distributional assumptions.

The assumption of normality is particularly common in classical statistical tests.

'Whereas, in practice, no distribution is exactly normal, nevertheless, the usual classical

methods for inference about population means are quite robust and generally quite

powerful. However, situations commonly arise in practice in which the use of these

tests may not be justified or in which there is a doubt that they apply, as in the case

where a population may be highly skewed or when we have data sets with few

observations. In such cases, there are several options to explore:

o Identify any unusually large or small observation(s), and remove them if this can

be justified. This may make the remaining data close to normal;

o Transform the data so that their distribution is nearly normal, if such a

transformation can be found;

o If appropriate, use other standard distributions such as the exponential or

Weibull distributions to replace the normal distribution as models for the overall

pattern in the population;
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o Use nonparametric methods that do not assume any specific form of distribution

of the population. They are the subject of this section.

There are many nonparametric and robust techniques that are not based on strong

distributional assumptions. The most useful nonparametric tests are based on the ranks

of each observation in the set of all the data. Rank tests are based on using the median

as the measure of the centre of a population or populations. Populations that are roughly

normal (hence symmetric) have their centers described by the mean. This is reflected in

the classical tests: one-sample t-test, two sample /-test, and one-way analysis of

variance, which all test hypotheses about population means. When distributions are

strongly skewed, the median is preferred to the mean as a measure of center. In its

simplest form, the hypotheses for rank tests just replace mean by median.

The following sections are devoted to the Kruskal-Wallis test for several independent

samples, the chi-square test of association, and the odds ratio method. Being relatively

free of assumptions, the Kruskal-Wallis test often serves as a replacement for the better

known F tests whenever populations cannot be assumed to be normally distributed with

equal variances. The purpose behind using ranks is not to transform the data to

approximate normality but to transform the data to a scale that eliminates the

importance of the population distributions all together. There is no reverse

transformation, such as the antilog, available for ranks because when the data are

replaced by their logarithms or square roots the sample distributions change shape

dramatically. The ranks from the transformed data, however, are identical to the ranks
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based on the untransformed data, so the shape of the distribution of measurements has

no effect on the ranks. In addition, whether an observation in a data set is quite large or

quite small does not affect its rank. In this respect, any statistic based on ranks is

resistant to outliers. A common theme describes these tests for ranked data. If the null

hypothesis is true, that is, if there is no difference between the underlying populations,

then once a single set ofranks has been assigned to all observations, the collective ranks

for each of the various groups should be the same. Assuming the null hypothesis is true,

if the difference in ranks between groups is too large to be attributed to chance, the null

hypothesis will be rejected.

3.5.2 Kruskal-Wallis Test

In situations where the normality and equal standard deviation assumptions for the one-

way analysis of variance (ANOVA) are unjustified, an alternative procedure to the F

test that does not depend on these assumptions is the Kruskal-Wallis test. Based on

ranks, the assumption about independent random samples from each population remains

important, but the normality assumption is relaxed.

The Kruskal-Wallis test is used to test the null hypothesis that all populations have the

same median against the alternative hypothesis that not all populations have equal

medians. It is rather powerful and widely used in practice. Using ranks, the numbers of

observations are always fixed from 1 to N but when ties occur between ranks, a mean

rank is assigned.
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For a general description of the test, suppose we have fr independent simple random

samples of sizes ft1, tt2, ..., nk, with the total size of all samples taken together being

given by N = nr+ nz+ ...* /tk, the total number of all observations. Suppose further that

the data from all the samples taken together are ranked and that the sums of the ranks

for the ft samples are R1, R2,... ,R* respectively. The Kruskal-Wallis statistic has the

form

¡¡ = --J2-i *' - 3(N + t)
N(N+I)"rt n¡

(1)

for the case of no ties (i.e. equal observations) in the overall data set. The distribution

of Ë1is very nearly a chi-square distribution with k - ldegrees of freedom, provided that

ttt, tt2 ..., tt¡1àfè all at least 5. In the case of ties among the observations in the sample

data, the value of ^F/ given by statistic (1) is smaller than it should be. The corrected

value of FI, denoted by H,, is obtained by dividing the value given in statistic (1) by the

correction factor

l{r'-r)
N3 -N

where Z is the number of ties corresponding to each observation and the sum is taken

over all the observations. If there are no ties, then T = 0 and factor (2) reduces to 1, so

that no correction factor is needed.

The Kruskal-Wallis test rejects the null hypothesis that all populations have the same

median when Ë1is equal to or larger than the chi-square critical value. Since tables used

to determine the exact distribution of the Kruskal-Wallis statistic /y' under the null

hypothesis are not straightforward, one should rely on statistical software packages

(2)1-
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which use chi-square approximation to obtain the required p-values for the test. See

Moore (2000) and Robert (1989) for details.

3.5.2.1 Dunn Procedure for Multiple Comparisons

When the null hypothesis of the Kruskal-Wallis test is rejected, Dunn's procedure for

multiple comparisons can be used to pin point specific pairs which are significantly

different. It should be noted that this does not involve simply evaluating a series of two-

sample tests, since this would not allow us to control the probability of making incorrect

decision, namely rejecting a true null-hypothesis. A description of Dunn's procedure

follows, based on that found inZar (1999).

Dunn's procedure to compare two pairs A and B is based on the test statistic

^ Ã,_ R,
lì- _\sE

where R indicates a mean rank (i.e., R¿ = R¿ lno andRa = R, /ne), r'athe sample size

of sample A, ne the sample size of sample B, and SE, the standard error given by

SE=

In equation (3), N represents the total size of all the data on which the ANOVA (on

ranks) was applied before the multiple comparison tests were considered. In the case of

ties, the standard error is given by,

(3)

,N(N+l) _ Zt x!*ll' 12 Iz(N -I)' 'no 
nB

N(N+l).1 I,
n \r* 

^'

SE=
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In equation (Ð,Lt =lQ,' - r, ) where /; is the number of ties in the lth group of ties,
i=1

and m is the number of tied ranks. The critical values for this test Qo* where a is the

critical level and fr is the number groups can be found from statistical tables. See Zar

(1999) for example.

3.5.3 Odds Ratio

Most epidemiological research is concerned with analyzing data from studies in which

groups of individuals are compared with the aim of determining whether a given

exposure is related to the occuffence of a particular disease. Here 'exposure' and

'disease' are used in a generic sense. The term 'exposure' can refer to any characteristic

that we wish to investigate as potentially having a health-related impact. Examples are

contact with a toxic acid and engaging in certain lifestyle practices. Likewise, the term

'disease' can refer to the occurrence of a health-related outcome of interest. Examples

are the onset of illness, recovery from surgery, and death from any cause or a specific

cause.

Consider a closed cohort study in which the exposure is dichotomous and suppose that

at the start of follow-up there are n1 subjects in the exposed cohort (E = 1) and nz in the

unexposed cohort (E = 2). At the end of the period of follow-up, each subject will have

either developed the disease (D = 1) or not (D = 2). By definition, in a closed cohort

study, subjects either develop the disease or not, and those who do not, all have the

55



same length of follow-up, namely, the maximum observation time. We refer to subjects

who develop the disease as cases and to those who do not as non-cases.

Table 3.22 Observed Counts: Closed Cohort Study

D1

Using the empirical data in Table 3.22, the occuffence of disease in the exposed cohort

can be modeled using a binomial distribution with parameters (ot=L, re1) and,
nl

likewise, the development of disease in the unexposed cohort can be modeled using a

binomial distribution with param eters (tt2- lz 
, nz).

nz

For a given probability r + l, the odds w is definea UV/U-a¡. Solving for z

givesn =%iw), and so probability and odds are equivalent ways of expressing the

same information. Despite their nominal equivalence, probability and odds differ in one

major respect: zr must lie in the interval between 0 and 1, whereas w can be any

nonnegative number. An important characteristic of the odds is that it satisfies a

E

ll2tl1

ãt ãz

br bz
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reciprocal property. If w =/O-r> is the odds of a given outcome then

(l- x) / - l/ , is rhe odds of the opposire ourcome./tt- (r- n)l- / w

I-et w, =o/U-or) und *r='/G-nr) be the odds of disease for the exposed and

unexposed cohorts respectively. The odds ratio is defined by

ôn = 
w, -nr(r-nr) = 

orb, 
.wz nr(l- nr) arb, '

Note that OR is the empirical estimate (statistic) of true odds ratio, OR (parameter).

If OR > 1, exposure is associated with an increase in the odds of developing the

disease; if OR < 1, exposure is associated with a decrease in the odds of the disease and;

if OR = l, exposure is not associated with the disease. It is easily demonstrated that w1 >

w2, wt 1 wz, ,ilt = w2 are equivalent to 7\ ) 7r2, 7t1 1 qtz, ltt = /t2, Íêspoctively, and so

statements made in terms of odds are readily translated into corresponding statements

about probabilities, and conversely.

If any of a1, e2, bl, or b2 equals zero we replace (5) by

Åo - 
(ar+0.5)(b? +0.5)

L'¡r\ - (",.o.5xå,.oÐ

Haldane (1955) and Anscombe (1956) recommend adding 0.5 to each cell frequency,

whether or not they are zero. The variance estimate of OR is based on ln (OR ). This is

because m (ôn) has a far more symmetric distribution than OIR and so, with respect to

(s)
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nonnal approximations, it is preferable to base calculations on /n (OR) rather than OR

The variance estimate of In (On ) i,

',àr(ln 
bn¡ =!*l*1*lataz4bz

An approximate (1-o) x1007o confidence interval for ln (OR) is

tn (OR) ! Z%
l11l
-+- +-+-
ataz4bz

which can be exponentiated to give a confidence interval for OR,

OR exp (t Z,t
/2

1111_+-+-+-
c\a24bz

where Z^., denotes a critical value of the standard normal distribution. The conventionu//2

of adding 0.5 when there are zero cells applies to OR
^^

and var (ln OR) .

More information on the odds ratio can be found in Sherry (1987) and Ramsey (1997)

3.5.4 The Chi-square Test of Independence / Association

The chi-square goodness-of-fit test (Snedecor and Cochran, 1989) is used to test if a

sample of data comes from a population with a specific distribution. In addition, the chi-

square test statistic can be used to examine the relationship between two variables when

the data collected involves counts such as frequencies, percentages, proportions, or

probabilities. The latter case of chi-square test is discussed in this section.
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Many statistical methods, notably those based on the chi-square distribution, require

that data be binned (put in cells or classes), and that the bins satisfy certain constraints,

namely that the number of events in each bin be not less than a certain minimum

number so that the distribution of expected frequency per bin is approximately normal.

Opinions differ on the minimum number of events required, but this is usually taken as

being between five and ten, provided only a few bins have this minimum number. There

is no reason why bins should be of equal width, except for convenience of computation

(e.g. in image processing), and many studies indicate that the statistically optimal

binning is that which gives equally probable bins. This is actually not a restriction since

for non-binned data one can simply calculate a histogram or frequency table and use

this to assist in constructing bins before performing the chi-square test. However, the

value of the chi-square test is dependent on how the data is binned.

An attractive feature of the chi-square test is that it can be applied to test the

association/independence of any two univariate variables, X and Y, provided sufficient

sample size requirements are satisfied. This includes the case of two categorical

variables and, when each has just two categories ("bins"), this provides us with an

alternative to the odds ratio test from Section 3.5.3. The chi-square test is applied for the

hypothesis:

,É1o: There is no association between X and Y.That is, they are independent.

Hu: An association exists between X and Y. That is they are dependent.
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To proceed with the chi-square test of association, one compares the observed

frequencies in a two-way table with the expected frequencies under the null hypothesis

of independence. The rows of this table represent the categories (bins) of one variable,

and the columns represent the categories (bins) of the other variable. To compute the

expected frequencies, one first needs to compute the marginal totals.

I-Êt,

f,= mar5inal total (sum of frequencies) for row r

fc= mar9inal total (sum of frequencies) for column c

n = grand total (total sum of all frequencies in all rows and columns)

Under Ho, the expected frequency for a given cell in row r and column c is

"n-(f'xÍu¡r=f'f'nnn

For the chi-square test of association computation, the test statistic is defined as

RC

l, =Z(o, - e,)2 / e,
i=1

(6)

since the data is divided into RxC bins where R = number of rows, C = number of

columns, o¡ is the observed frequency for bin i and e¡ is the expected frequency for bin i.

This test is sensitive to the choice of bins. There is no universal optimal choice for the

bin width (since the optimal bin width depends on the distribution of X and Y). Most

reasonable choices should produce similar, but not identical, results. The chi-square

approximation is good if none of the expected frequencies is less than 1 and no more

than 207o of the expected frequencies are less than 5. This test is not valid for small
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samples, and if some of the counts are less than 5, you may need to combine some bins

in the tails.

The distribution of chi-square depends on the number of degrees of freedom. The

number of degrees of freedom is the number of data one is free to specify. The test

statistic given in (6) follows approximately, a chi-square distribution with (R-1) (C-l)

degrees of freedom. Therefore, the hypothesis that there is no association between an

exposure and a disease is rejected at the a level of significance if

.l' > I'<o,<Â-lxc-l)

where 12@,ß-t)(c-rl is the chi-square critical value with (R-1) (C-1) degrees of freedom

and a significant level u. The above formula for the critical region follows the

convention that flz o is the upper critical value from the chi-square distribution and

.l'r-o is the lower critical value from the chi-square distribution.
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Chapter 4

Results and Interpretations

In this chapter, we present the results of the various statistical tests of hypothesis

conducted to determine if the FNB procedure significantly improves analgesia and

rehabilitation after total knee replacement. Recall that there were no significant

differences in patients' ug", height, weight, body mass index, and gender between the

three groups (Table 3.15), making the comparison meaningful. All statistical tests in

this chapter were performed using the SAS package (Version 8.2). See Appendix for

SAS codes.

4.L Analysis of Length of Stay and Days to Ambulation

First we employ the nonparametric rank test discussed in Section 3.5.2to compare the

three groups for these two variables.

Table 4.1: Kruskal-Wallis Rank Test for Length of Stay and Days to Ambulation for the

Three Groups (N = 133)

Variable Chi-square (dl) P-value

Length of stay 0.27 (2) 0.873

Days to ambulation 4.33 (2) 0.1 15
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At the 5Vo significant level, the Kruskal-Wallis rank test did not provide sufficient

evidence to detect a difference in the length of stay and days to ambulation of patients

due to treatment groups. To further analyze the variable length of stay, it was at first

categonzed into three classes using the cut points 17,=7 and > 7 days after surgery.

However due to the small number of patients discharged by day six, length of stay was

re-categorized into two groups: < 7 and > 7 days after surgery, based on the fact that the

patients were on care-map till day 7 . The resulting two classes were then analyzed using

chi-square test of association based on the data in Table 4.2.In addition, pair-wise odds

ratios were calculated.

Table 4.Z:Lnngtb of Stay in Two Categories by Group (N = 133)

No FNB, n=47
(Grouo 0)

Single FNB, n=31
lGrouo 1)

Continuous FNB, n=51
(Group 2)

LOS (> 7 days) t4 8 12

LOS (<= Tdays) 35 25 39

Odds Ratios:

oRn,-14*25 =1.25
35x 8

oRn'-14*39 = 1.30
35x12

oïr"=8*39 = l.o4
25x12

The overall chi-square tests yields l' =0.374 and hence p-value =0.829, which is to

say there is insufficient evidence to detect a significant difference in length of stay

between the three groups. However, based on the odds ratio calculations, we can make

the following observations. Patients in the no FNB group were 1.25 times more likely to

63



spend more than 7 days in the hospital than the single FNB group. Furthermore, patients

in the no FNB group were 1.30 times more likely to spend more than 7 days in the

hospital than patients in the continuous FNB group. Based on these odds ratios, it

appears the continuous group is doing the best in terms of a shorter length of stay.

Furthermore, the single FNB patients are 1.04 times more likely to stay over 7 days than

the continuous group.

The fact that the odds ratio shows a difference in the length of stay between groups but

the 72 test of association does not indicates that statistical significance may not imply

clinical significance. Indeed, the statistical test may have failed to capture the true

difference due to small cell counts in this study.

4.2 Ãnalysis of the Remaining Key Variables

In this section, we perform statistical tests of hypothesis on the four remaining variables

of interest. Differences among the three groups with respect to morphine, antiemetic use

and degree of mobilization were each analyzed using Kruskal-Wallis rank test with two

degrees of freedom as described in Section 3.5.2. This was followed by multiple

comparison tests (Dunn procedure computed manually) to detect pairs of treatments

with significant differences.

Due to the dichotomous nature of the categorical variable "pain-score", differences in

this response were analyzed using the odds ratio and the chi-square test of association.

The overall chi-square test of association between the two categories of pain and the
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three treatment groups involves two degrees of freedom whereas the pair-wise chi-

square test of association to determine where significant differences exist when the null

hypothesis of no difference in pain scores between the three groups is rejected involves

one degree of freedom. In general, "overall type I error" =a=I-(l-a')c , where a/ is the

type I error for any one comparison and c is the number of comparisons. Since our

overall significance level is ø = 0.05, each pair-wise 72 - test for the variable pain-score

is conducted at the 0.017 level, since 0.05 = 1-(1-0.017)3where 3 is the number of

multiple comparison tests (i.e., number of pairs) we need to conduct. The concepts used

are described in Sections 3.5.3 and3.5.4 respectively.
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Table 4.3 Testing Differences Between the Three Groups for the Variables Morphine,
Antiemetics, Degree of Mobilization and Pain Score by Day.

M - Morphine MD - Mean difference 0 - No FNB (n = 51)
A - Antiemetic CI - 95Vo confidence interval 1 - Single FNB (n = 33)
D - Degree of mobilization OR - Odds ratio 2 - Continuous FNB (n = 49)
P - Pain score NS - No significant difference
* and ** implies statistical significance at ø= 0.05 and 0.017 levels respectively.
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Day 0 Day I Day 2 Day
3+

M X" = 28.13
p-value= <0.0001
MD 0-1 =0.67
MD 0-2 = 5.34
MD 1-2 = 4.67

Ro- Rr = 6.29

R.- R, =37.89*

Rr-Rz= 31.60*

X" = 12.29
p-value = 0.0021
MD 0-1 = -2.37
MD 0-2 = 10.07
l\/D I-2= 12.44

Ro- Rr = 3.65

Ão- R, = 28.80*

Rr- Rz =25.t5*

X" = 10.33
p-value=O.0057
MD 0-1 = -1.88
MD 0-2 = 5.18
lvD I-2=7.07

Ro-Rr= -0.87

Ro-Rz =25.57*

R,-Ã, =26.44*

NS

A X" = 2.35
p-value=0.3093
MD 0-1 = 0.20
MD 0-2 = 0.63
MD 1-2 = 0.43

(116 not rejected)

X'=7.72
p-value=0.02LI
MD 0-1 = 0.25
MD 0-2 = 0.49
MD 1-2 = 0.24

Ro-Rr=12.21

Ro- R, = 28.81*

Rr- Rz= 16.60

X" =0.6I
p-value=0.736
MD 0-1 = 0.03
MD 0-2 =0.02
lvD I-2 = -0.01

(,F16 not rejected)

NS

D

No Data No Data

X" = I.2I
p-value=O.5469
MD 0-1 = -7.83
MD 0-2 = 5.60
MD 1-2= 13.42 NS

P X" =15.94 p= 0.0003
X2o,=1I.72**
p-value (0-1) = 0.0006
X2oz -10.54xx
p-value (0-2) = 0.0012
X2n=0.34
p-value (L-2) = 0.5598
OR 0-1 = 5.52
OR 0-2 =3.99
OR 1-2 =0.12

X" = 4.86 p= 0.0880

OR 0-1 = 1.68

OR 0-2 =2.45
OR 1-2 = I.46

(I/o not rejected)

X'=I.34 p= 0.5130

OR 0-1 = 0.66
OR 0-2 = 0.39
OR 1-2 = 0.59

(Ë10 not rejected)

NS



From Table 4.3,R0-Rr,Ro -Rz, andRr-Rz are used for Dunn's non-parametric

multiple comparison procedure where R, is the mean rank of data in group i. These

differences are only provided when Hs: "all groups equal" is rejected at d= 0.05 level.

The mean differences (MD's) are of clinical importance, not necessarily of statistical

importance. Since Dunn's procedure is not based on significantly large differences in

means but just differences in mean ranks, we report the MD's as well. In the same way,

we record the odds ratios (OR) for the variable pain score, since they have clinical

significance although they are not used in the follow-up multiple comparison tests.

The Kruskal-Wallis test detected a highly significant difference in morphine use among

the three groups on the day of surgery þ-value < 0.0001) and on the two days following

surgery (day 1: p-value = 0.0021, day 2: p-value = 0.0057). Concerning the difference

between any two given groups (detected via Dunn's multiple comparisons test), we see

that there is a significant reduction in the amount of morphine taken by the continuous

FNB group compared to the single FNB and no FNB groups on the day of surgery (day

0) and the two days that follow. On average, the no FNB group and the single FNB

group consumed 5.34 mg and 4.67 mg more morphine respectively than the continuous

FNB group day 0. On day one after surgery, the no FNB and the single FNB groups

independently consumed on the average 10.07 mg and 12.44 mg more morphine

respectively compared to the continuous FNB group. It appears that the single FNB

group consumed more morphine than any other group on day one suggesting that

patients in this group might have experienced a high level of pain on this day. Also, on

postoperative day 2, the single FNB group appeared to have consumed more morphine
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than any other group with the continuous FNB group consuming the least. Curiously,

this was not reflected in the corresponding pain-score on day 2 in which the continuous

FNB group experienced the highest odds of developing unmanaged pain. On

postoperative day 2, patients in the single FNB group consumed on average 7.07 mg

more of morphine than the continuous FNB group.

Regarding antiemetic use, we found no significant difference between the three groups

on the day of operation. The only significant difference detected concerning antiemetic

use was on day one after surgery 03 = 7.12, dl = 2, p-value = 0.0211) in which the

frequency of antiemetic use in the continuous FNB group was significantly less than the

no FNB group. On average, on day 1 after surgery, individuals in the continuous FNB

group used antiemetics 0.49 times less frequently than individuals in the no FNB group

of which the Dunn's test yield a significant support of a difference at the 57o level of

significance.

Mobilization (degree of knee flexion) commenced on day 2 after surgery. There was no

significant difference among the three groups concerning this variable on day two using

the Kruskal-Wallis test þ-value = 0.5469) as well as any of the days afterwards.

On the day of operation, there was evidence of a difference in pain levels between the

three treatment groups (t = I5.9+, d.f = 2, p-value = 0.0003). From the pair-wise test

using 12 multiple comparisons (ø' = 0.017level), we found that patients with no FNB

had significantly increased chances of developing unmanaged pain (high) than those
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with single FNB or continuous FNB. Considering the corresponding odds ratios,

patients with no FNB were 5.52 times more likely to develop unmanaged pain than

those with single FNB on operation day 0 and 3.99 times more likely to develop

unmanaged pain than patients with continuous FNB. However, patients who had single

FNB were 0.72 times less likely to develop unmanaged pain compared with those with

continuous FNB. It appears the single FNB group experienced less pain on the day of

surgery than any other group.

On day one after surgery, the global f rcst of association yielded no difference in pain

levels between the three groups at 57o level of significanc e (f = 4.86, dl - 2, p-valte =

0.0880). Considering the corresponding odds ratios, patients with no FNB were 1.68

times and 2.45 times more likely to develop unmanaged pain than those with single

FNB and continuous groups respectively. In addition, patients who had single FNB

were 1.46 times more likely to develop unmanaged pain compared with patients who

had continuous FNB.

On postoperative day 2, the global f test of association for a difference in pain levels

between the three treatment groups was again not signific ant (f = L.34, dl - z,p-value

= 0.5130). Opposite that seen in days' 0 and l, on the second day after surgery, patients

in the no FNB group were only 0.66 and 0.39 times more likely to develop unmanaged

pain than those in the single FNB group and the continuous FNB group respectively.

Also the single FNB group was 0.59 times as likely to develop unmanaged pain as the

continuous FNB group. These observations therefore indicate that the continuous FNB
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patients are at the highest risk of developing unmanaged pain on day two after operation

than the other groups. This makes sense since the nerve block catheter is removed on

day two following surgery resulting in the increased probability that the patients in this

group will experience added pain. Despite these interesting findings on day two, the

chi-square test and corresponding confidence intervals shows no statistically significant

difference on pain-scores between the groups.

4.3 Summaries and Frequency Tables for the Excluded
L0 Patients

This section presents the one-way and two-way frequency tables for the 10 patients

excluded from the analysis in Chapter 3. It was necessary to remove these individuals

from the analysis since they went off the TKR care map due to complications and

therefore could potentially behave differently than the remaining 133 in their outcomes

of patient characteristics such as degree of mobilization, pain score, morphine use, and

side effects (nausea and vomiting). Other reasons for the patients coming off care map

include: extended length of stay; patient refused, swelling and possible DVT;

investigation regarding abdominal pain, nausea and vomiting venogram done; DVT

suspected; ambulation not progressing as expected and very painful drainage

experienced by the patients. The purpose of presenting their frequency tables is to

determine the distribution of the patients with respect to these variables by the type of

block to see how they compare. Due to the small sample sizes of the groups, no

statistical tests are performed on them, as any such test will lack the statistical power to
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detect any true difference in the variables among the treatment groups even if such a

difference should exist.

4.3.I One-way Frequency Tables

Table 4.4 Distribution of Age (years)

Table 4.5: Distribution of Sex

Age Frequency Percent (7o) Cumulative
Frequency

Cumulative
Percent

53 1 10 1 10

59 1 10 2 20

60 1 10 J 30

65 2 20 5 50

75 1 10 6 60

76 1 10 7 70

79 2 20 9 90

84 I 10 10 100

Sex Frequency Percent (Vo) Cumulative
Frequency

Cumulative
Percent

0 (Female) 5 50 5 50

1 (Male) 5 50 10 100
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LOS Frequency Percent (Vo) Cumulative
Frequencv

Cumulative
Percent

7 1 10 1 10

8 1 10 2 20

9 6 60 8 80

10 1 [0 9 90

11 I 10 10 100

Table 4.6: Distribution of I-ength of Stay (days)

Table 4.7: Distribution of Surgeon

Table 4.8: Distribution of Type of Block

Surgeon Frequency Percent (Vo) Cumulative
Frequencv

Cumulative
Percent

2 5 50 5 50

4 5 50 10 r00

TypeBlck Frequency Percent (7o) Cumulative
Frequencv

Cumulative
Percent

No FNB 4 40 4 40

Single FNB J 30 7 70

Continuous
FNB

J 30 10 t00
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Anesthet Frequency Percent (7o) Cumulative
Frequencv

Cumulative
Percent

I 2 20 2 20

2 2 20 4 40

5 1 10 5 50

7 1 10 6 60

8 I 10 7 70

9 1 10 8 80

10 I 10 9 90

12 I 10 10 100

Table 4.9: Distribution of Anesthetists

Table 4.10: Distribution of Days to Ambulation

Table 4.11: Distribution of Day Continuous Passive Motion Machine Started

Daysambu Frequency Percent (7o) Cumulative
Frequency

Cumulative
Percent

2 9 90 9 90

7 I 10 10 100

CPMstart Frequency Percent (Vo) Cumulative
Freouencv

Cumulative
Percent

2 10 100 10 r00
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4.3.2 Two-way Frequency Tables

Table 4.I2: Type of Block by Days to Ambulation

TypeBlck Daysambu

Frequency
Row Pct (7o)

2 7 Total

No FNB 4
100.00

0
0.00

4

Single FNB 2

66.67
1

JJ.JJ

J

Continuous FNB -J
100.00

0
0.00

J

Total 9

90.00
I
10.00

10

100

TypeBlck

Table 4.I3:Type of BlockbyLength of Stay (days)

LOS

Frequency
Row Pct (7o)

7 8 9 10 11 Total

No FNB 0
0.00

0
0.00

-J
75.00

1

25.00
0
0.00

4

Single FNB 0
0.00

I
33.33

1

33.33
0
0.00

1

JJ.JJ

J

Continuous
FNB

I
33.33

0
0.00

2

66.67
0
0.00

0
0.00

J

Total I
10.00

1

10.00
6

60.00
1

10.00
I
10.00

10

100.
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Table 4.I4: Type of Block by Surgeon

SurgeonTypeBlck

TypeBlck

Table 4.15: Type of Block by Sex

Sex

Frequency
Row Pct (7o)

2 4 Total

No FNB 2
50.00

2
50.00

4

Single FNB 2

66.67
1

33.33

õ
J

Continuous FNB 1

33.33
2

66.67
3

Total 5

50.00
5

50.00
10
100

Frequency
Row Pct (7o)

Female Male Total

No FNB 2

50.00
2

50.00
4

Single FNB 1

33.33

)
66.67

J

Continuous FNB 2
66.67

1

-1-1.-)-1

J

Total 5

50.00
5

50.00
10

100
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Table 4.16: Type of Block by Anesthetist

TypeBlck Anesthetist

From the above tables, one can see that there is no demographic factor common to these

10 patients. More importantly, the 10 patients are evenly distributed among the three

treatment groups, which implies that the patients went off the care map not as a result of

being assigned to a particular treatment. This evidence therefore permits their removal

from the analysis section.

Frequency
Row Pct
(Vo)

1 2 5 8 8 9 10 T2 Total

No FNB 0
0.00

2

50.00
I
25.00

I
25.00

0
0.00

0
0.00

0
0.00

0
0.00

4

Single FNB 0
0.00

0
0.00

0
0.00

0
0.00

0
0.00

1

-1-t.-1-1

1

33.33
1

33.33
J

Continuous
FNB

2

66.67
0
0.00

0
0.00

0
0.00

I
JJ.JJ

0
0.00

0
0.00

0
0.00

-J

Total 2

20.00
2

20.00
1

10.00
I
r0.00

I
10.00

l
t0.00

1

10.00
I
10.00

10

100
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Chapter 5

Conclusions
This study was conducted to test whether there is any advantage to the continuous /

single FNB over other techniques for postoperative analgesia after TKA. A total of 143

patients in three groups who had total knee replacements at the VGH between 1999 and

2001 were considered. Ten were removed (with justification) due to actual or suspected

complications, which were not as a result of any one of the treatments, but nonetheless

altered their characteristics in the study. Of the remaining 133, patients in the first group

(n = 57) received no FNB. Patients in the second group (n = 33) received single FNB

and the last group (n = 49) received the continuous FNB. Analgesia was assessed by a

postoperative visual analogue pain scale (VAS) and morphine requirements.

Immediately after surgery, the three groups started identical physical therapy regimens.

Pain scores, morphine requirements, antiemetic use, side effects, degree of maximum

knee flexion, day of ambulation, and duration of hospital stay were recorded. (One side

effect pruritis, measured via antihistamine use, was not analyzed in this practicum). The

patients in the three groups did not differ significantly on demographic variables such as

age, sex, height, weight and body mass index (Table 3.15). We noted no significant

difference between the three groups regarding length of stay (p-value = 0.873), days to

ambulation (p-value = 0.115) and the degree of mobilization on any day (p-value =

0.s47).
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We found a highly significant difference in morphine use among the three groups on the

day of surgery (p-value < 0.0001) and on the two days following surgery (day I: p-

value = 0.0021, day 2: p-value = 0.0057). Follow-up multiple comparisons detected a

significant reduction in morphine use by the continuous FNB group over the single

FNB and the no FNB groups on each of days 0, 1, and 2. There was no significant

difference between the three groups regarding morphine intake beyond day 2 after

surgery.

There was a significant difference among the groups regarding antiemetics use on

postoperative day one only þ-value = 0.0211) which the follow-up procedures

attributed to a significant reduction in antiemetic use in the continuous FNB group over

the no FNB group. On average, individuals in the no FNB group used antiemetics 0.49

more of the time than individuals in the continuous FNB group.

There was no significant difference among the groups concerning the variable degree of

mobilization on any day.

On the operation day, there was a significant difference in pain levels among the three

groups. Follow-up multiple comparisons found the no FNB group had significantly

higher levels of unmanaged pain than the single FNB (X2or = 11.72, dl = I,p-value =

0.0006) and the continuous FNB group (X?0, = 10.54, d. f = 1, p-value = 0.0012).

However, there was no significant difference between the pain scores of patients in the

single FNB and the continuous FNB groups. There was no significant difference
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detected among the three groups in either postoperative day one or two. However, it is

interesting to note that, via the odds ratio, the continuous FNB group experienced the

highest levels of unmanaged pain on day 2. No significant difference in pain scores was

observed among the three groups from day 3 after surgery and onwards, a finding which

was consistent with the analysis of the other variables.

In conclusion, the study gave evidence to support the continuous FNB procedure as an

effective technique that improves recovery, analgesia, and outcome of patients after

TKR. Specifically, we observed a significant general reduction in morphine use in this

group from the day of surgery to postoperative day 2 compared to the other two groups.

With regards to pain, there were some fluctuations in our results. Whilst the continuous

FNB patients progressively experienced significantly less unmanaged pain than the no

FNB patients on the day of surgery and postoperative day 1, only on postoperative day

1 did they appear to have experienced less unmanaged pain compared with the single

FNB patients. Furthermore, on postoperative day 2, the continuous FNB group appeared

to have been doing worse regarding their experience of unmanaged pain than the two

other groups, although the differences were not statistically significant. One striking

observation is the fact that patients in the continuous FNB group had a significantly

lower amount of morphine than the single FNB group on postoperative day 2 but

appeared to have higher pain scores on that day. This evidence has a potential clinical

implication and suggests the possible need for better monitoring of pain in the

continuous FNB group on day 2.
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The general findings in this study are consistent with other previous studies (Mulroy et

a1.,200I; Wang et al., 2002) that FNB improves analgesia and rehabilitation after TKR.

However, none of the previous studies dealt with retrospective chart reviews of the

patients. Nevertheless, it can be reasonably assumed that the study sample constitutes a

random sample and are independent. Being a retrospective study, the tendency to

control the role of bias is restricted. For instance, there could be bias in selecting

patients for TKR. Further noncomparable information may be obtained from the

different study groups, which may arise from physicians or anesthetists interpreting

information differentially or the study subjects reporting events in a non-comparable

manner. The tendency to have inaccuracies in the collection and recording of the data

are inevitable as they are not subject to the investigators control. Another limitation to

this study is the small sample sizes. It is worth mentioning that the results of this study

are applicable to patients who were selected for TKR at the VGH only and are therefore

not generalizable. Since this study was done retrospectively, a further study conducted

prospectively with increased sample size and precautionary measures to eliminate bias

and confounding effects is suggested in order to clearly establish the significance of the

FNB over other techniques as the effective procedure on TKA recovery.
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APPEI\DIX

SAS Code

In this appendix we introduce some of the SAS code used to perform the statistical

analysis. Included in the sub-session are statements about other statistical software

employed in the analysis. However, the odds ratios and the chi-square test of

association were computed manually as they are based on contingency tables (see

Sections 3.5.3 and 3.5.4) and therefore enhance easy computation.

A.L PROC MEANS and PROC FREQ Procedures

In Chapter 3 we presented the variable summaries and frequency tables for the data

from Victoria General Hospital. The following code was used to generate them.

data one;

input Age Sex LOSdays Htcm VüLkg BMI Daysambu CPMstart T]r¡)eBlck Surgeon

Anesthet Offmap CPM2 CPM3 CPM4 CPM5 CPM6 CPMT CPMS CPM9 psO ps1 ps2

ps3 ps4 ps5 ps6 ps7 M0 M1 M2 M3 M4 M5 M6 M7 MB M9 M10 A0 Al-42 A3 A4 A5

A6 A7 A8 A9;

cards;

DATA

i

run;
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data two; set one;

if offmap=o;

proc sort data=two;

by tlpeblck; run;

¡rroc means daLa=two n min max; run;

proc means data=two sum n mean mín max;

by tlpeBl-ck; run;

proc freq data=two; run;

proc freq data=two;

tables typeblck*sex tlzpeblck*daysambu tlpeblck*losdays

t1¡geblck*surgeon sex* losdays ;

run;

It is worth mentioning that the histogram and boxplots for the demographic variables

were obtained using Minitab statistical software. However, the multiple bar charts for

the variables pain-score, morphine, and antiemetic use as well as the line chart for

degree of mobilization were obtained using Microsoft excel.

^.2 
Nonparametric and Parametric Procedures in SAS

This sub-section provides the SAS codes for the nonparametric and parametric

procedures used for the statistical analysis to investigate whether the selected variables

differ among the three treatment groups. The analysis is based on "data two" created in

the previous sub-section.

82



^.2.1 
Nonparametric One-Way AI\OVA (Kruskal-Wallis rank test)

proc rrparlway data=tr¡ro i

cl-ass t}æeB1ck ;

var Age Sex LOSdays Htcm Wtkg BMI Daysambu CPM2 CPM3 CPM4 CPM5

CPM6 CPMT CPMS CPM9 psO ps1 ps2 ps3 ps4 ps5 ps6 ps7 M0 Ml- M2 M3 M4 M5

M6 M7 M8 M9 M]-O AO A].42 A3 A4 A5 A6 A7 A8 A9;

run;

^.2.2 
Parametric One-Way ANOVA

¡rroc g1m data=two;

cl-ass t)æeBlck ;

mode1 age=t1peBlck;

means tlæeBlck/scheffe bon tukey;

run;

For this part of the analysis, we can obtain the output for each variable by substituting it

one at a time in place of the variable "age" in the program.
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