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ABSTRACT 

Functional changes, mainly motor and cognitive challenges, are commonly 

observed with unilateral Lower Limb Amputation (LLA) and these changes may persist 

even after the post-surgical stage. Therefore, rehabilitation efforts are needed to detect 

and improve functional deficits in unilateral LLA patients. Additionally, LLA can 

produce secondary medical and functional consequences. Because LLA patients are 

dependent upon prosthetics, they may exhibit biomechanical and pathological changes in 

different body parts. Acute in-patient rehabilitation (AIR), involving physical, 

occupational and (as needed) speech therapy may influence functional improvement, 

which may improve quality of life. Study-1 examined differences of AIR in a Free 

Standing Rehabilitation Hospital (FSRH) on total Functional Independent Measure 

(TFIM), cognitive FIM (CFIM) and motor FIM (MFIM) scores in individuals with 

different etiologies (dysvascular, traumatic or osteomyelitis) and phases (pre-prosthetic 

and prosthetic) for unilateral above knee amputations (AKA). Study-2 examined the 

differences of AIR in an FSRH on TFIM, CFIM and MFIM scores in individuals with 

different etiologies (dysvascular, traumatic or osteomyelitis) and phases (pre-prosthetic 

and prosthetic) for unilateral transtibial amputations (TTA). Study-3 examined TFIM, 

CFIM and MFIM scores in individuals with LLA with Phantom Limb Pain (Yes-PLP) 

when compared to those with no PLP (No-PLP). 

 Study 1 consisted of 121 patients (91 dysvascular, 13 traumatic and 17 

osteomyelitis) patients with a primary diagnosis of AKA. Among 121 AKA patients, 72 

were admitted for the pre-prosthetic phase and 49 for the prosthetic phase. Study 2 
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consisted of 126 patients (79 dysvascular, 13 traumatic and 34 osteomyelitis) with a 

primary TTA diagnosis. Among 126 TTA patients, 102 were admitted for the pre-

prosthetic phase and 24 for the prosthetic phase. Study 3 consisted of 247 unilateral LLA 

patients among which 176 had No-PLP, whereas 71 had Yes-PLP. All patients were 

admitted over a 35-month period between June 2012 and May 2015 to a FSRH for AIR 

and all were between the ages of 18 and 90 years. In all three studies Length of Stay 

(LOS), time since surgery, age, Charlson comorbidity index and discharge disposition 

were measured.   

Study-1 found that in the AKA patients there were statistical and clinical 

differences in admission and discharge scores. Dysvascular TFIM, MFIM, CFIM scores 

were lower than in traumatic. Admission and the discharge pre-prosthetic phase TFIM, 

MFIM, CFIM scores were lower than in the prosthetic phase. Study-2 found that 

admission and discharge dysvascular CFIM scores were lower than traumatic. 

Furthermore, admission and discharge pre-prosthetic phase TFIM, MFIM, CFIM scores 

were lower than prosthetic phase. In Study-3, admission and discharge of PLP patient’s 

TFIM, MFIM, and CFIM scores were not lower than in non-PLP patients. Finally, around 

95% patients were discharged to-home.      
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CHAPTER I  

INTRODUCTION 

1.1. Statement of the Problem  

Ambulation after lower limb loss can be challenging for the patient. In addition to 

routine post-surgical management offered by a surgical service, lower limb amputation 

(LLA) patients may require consultation or specialized in-patient rehabilitation services 

by a Physical Medicine and Rehabilitation (PMR) team. Studies have demonstrated that 

amputees with physical disabilities ranging from moderate to profound are more likely to 

receive consultative PMR services, while those with severe disabilities are more likely to 

receive specialized in-patient rehabilitation (Bates et al., 2007). However, it might be 

impractical for those with profound disabilities to directly access outpatient services. 

Current evidence suggests that the rehabilitation approach received by the patient 

depends on service availability and patient access to that service. For example, 26% of 

veterans with a surgical amputation received specialized services within a Veterans 

Affairs Medical Center (VAMC) that included a specialized rehabilitation unit (SRU), 

compared to the 11% who received specialized care after amputation within a VAMC 

without the SRU (Bates et al., 2007). 

Similar to veterans accessing the SRU service in the VAMC, civilian amputation 

patients are discharged from medical or surgical services and transferred to an acute in-

patient rehabilitation (AIR) that is set aside for comprehensive inpatient rehabilitation. 

Once admitted in an AIR program, the primary responsibility for the patient’s 

rehabilitative care shifts to PMR professionals, with functional recovery becoming the 
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main focus of the AIR stay. The AIR functions are regulated by strict standards, as 

outlined in the Commission on Accreditation of Rehabilitation Facilities (CARF) Medical 

Rehabilitation Standards Manual (“CARF International, Commission on the 

Accreditation of Rehabilitation Facilities,” 2009). The AIR tends to provide highly 

coordinated and intensive services, with PMR professionals daily managing patients at 

set time intervals. This AIR approach to rehabilitation after LLA could result in higher 

functional outcome levels. 

1.2. Background and Theory  

Limb loss is a profound condition, affecting many individuals. For example, 

approximately 1.6 million, or one in every 190 Americans, were estimated to have 

experienced limb loss in 2005 (Ziegler-Graham, MacKenzie, Ephraim, Travison, & 

Brookmeyer, 2008). It is expected that longer life expectancy and a high diabetes mellitus 

prevalence could create a greater-than 2-fold increase in that number by the year 2050. 

Amputation is a physiologically and functionally devastating experience associated with 

escalated economic consequences and reduction in one’s quality of life (QOL). It is 

generally believed that rehabilitation enhances the patient’s functional recovery and 

improves QOL following amputation. The timing, setting, professional clinical services 

and patient complexity associated with the rehabilitation experience, as well as 

anatomical and physiological nuances of the amputation, influence the patient’s 

rehabilitation outcomes (Bates et al., 2007 , Hoenig, H., Sloane, R., Horner, R. D., 

Zolkewitz, M., & Reker, D, 2001, Taylor et al., 2005). In 2001 and 2004, the Centers for 

Medicare and Medicaid Service published final rules implementing a new prospective 
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payment system and policy changes regarding the case-mix diagnostic criteria used to 

determine which private sector programs were eligible to receive reimbursement as an 

AIR (Medicare, Baltimore, & Usa, 2014). From 2004 to 2006, there was an estimated 

19.2% decline in the overall AIR caseload and a 13.5% reduction in the number of lower 

limb amputees treated (Prvu Bettger & Stineman, 2007). Moreover, substantial reductions 

in median length of stay for the general population treated in AIRs have been shown to be 

associated with increases in mortality at 80 to 180 days after discharge follow-up 

(Ottenbacher et al., 2004). The development of integrated care structures that cover 

interdisciplinary rehabilitation after acute care for disabling conditions is becoming a 

priority worldwide (“Services and Benefits for Medical Rehabilitation and Integrated 

Health Care,” 2004). Most previous studies that focused on AIRs viewed rehabilitation as 

being a separate wing within the acute care hospitalization (postacute care), but the 

current study focused on the free-standing rehabilitation hospital (FSRH) setting. The 

private sector in the United States (US) and health systems around the world deal with 

many of the same issues of clinical decision-making and rehabilitation after amputation. 

Consequently, the findings could have implications for lower limb amputees’ healthcare 

in other nations, but the findings need to be interpreted cautiously. 

Randomized Control Trials (RCTs) remain the standard criterion for 

demonstrating efficacy in clinical management. Observational studies intended to 

simulate trials can lead to positive findings that later have been proven as spurious 

through RCTs (Moertel CG et al., 1985). However, there are several observational studies 

that have supported the effectiveness or lack thereof in a variety of health care 
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interventions, thus justifying RCTs that subsequently have confirmed their findings 

(Kramer et al., 1997). The RCTs cannot be undertaken for all interventions in which the 

benefit is unknown, specifically when strong clinical judgment about the benefit makes 

randomization difficult. Conversely, the results of observational studies can support 

effectiveness but must be cautiously interpreted (Stukel et al., 2007). A major advantage 

of the current study was the ability to use electronic medical records to obtain system-

wide data for acute inpatient amputation rehabilitation.  

1.3. Need for the Study  

Many studies have documented motor and cognitive changes in individuals with 

LLA. These impairments lead to functional and psychological decline, which can affect 

QOL. The role that motor and cognitive changes may play in altering the LLA patient’s 

functional outcome is less defined. Rarely, studies have investigated the functional 

outcome improvements after LLA during an AIR stay. Further studies are needed to 

quantify how different etiological factors, rehabilitation experience, timing, and the 

patient’s phantom limb pain (PLP) that are known to correspond with LLA affect motor 

and cognitive changes.   

Acute in-patient rehabilitation (AIR) strategies are frequently taught to LLA 

patients as a means of improving functional outcomes. The AIR stay after LLA may 

improve lower extremity movement, as well as dynamic balance and QOL. This 

dissertation used the Functional Independence Measure (FIM) scores to further define 

these changes. The dissertation studies focused on timing of the rehabilitation experience 

(Phase 1- Pre-prosthetic AIR; Phase 2- Prosthetic AIR), clinical characteristics (Unilateral 
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Above knee versus Transtibial amputation, and PLP), and different etiologies 

(dysvascular, traumatic and osteomyelitic) to further define these FIM changes. 

Moreover, FIM testing is implemented by all CARF accredited AIRs to assess functional 

changes in this population during AIR. The FIM score can detect motor and cognitive 

component changes in patients with LLA and recent evidence supports its use in 

deconditioned patients. Therefore, this investigation utilized the FIM score to examine 

functional changes in an FSRH facility. 

1.4. Purpose  

The purpose of the study was to determine the differences in unilateral LLA 

patients’ total FIM (FIM), motor FIM (MFIM) and cognitive FIM (CFIM) scores based 

on etiology, rehabilitation phase and phantom limb pain when these scores were produced 

during completion of an AIR in an FSRH. An additional purpose was to document 

whether incorporating AIR changed function from pre-rehabilitation to post-

rehabilitation.  

1.5. Research Questions and Hypotheses 

This project aimed to answer the following research questions. Each research 

question (RQ) addressed different aspects of the total research project thus contributing to 

three different studies.  

RQ1- Is there a difference in unilateral AKA patients’ functional improvement 

from admission to discharge based on etiology and timing of the AIR in an FSRH? It was 

hypothesized that the total FIM scores and FIM sub-components during AIR program for 

unilateral AKA patients who were admitted to an FSRH would be lower in the 
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dysvascular etiology group and in the pre-prosthetic phase group, compared to traumatic 

etiology and prosthetic phase groups because of previous evidence and surgery timing. 

RQ2- Is there a difference in unilateral TTA patients’ functional improvement 

from admission to discharge based on etiology and timing of the AIR in an FSRH? It was 

hypothesized that the total FIM scores and FIM sub-components during an AIR program 

for unilateral TTA patients who were admitted to an FSRH would be lower for the 

dysvasular etiology group, in the pre-prosthetic phase group and for all TTA patients at 

the time of admission compared to the traumatic etiology group, prosthetic phase group 

and for all TTA patients at the time of discharge because of previous evidence and post-

acute nature of amputation surgery. 

RQ3- Is there a difference in unilateral LLA patients’ functional improvement 

from admission to discharge based on PLP and location of AIR? It was hypothesized that 

the total FIM scores and FIM sub-components during an AIR program for unilateral LLA 

patients who were admitted to an FSRH would be lower for the Yes-PLP group and for all 

LLA patients at the time of admission compared to No-PLP group and at the time of 

discharge because PLP could interfere with patients’ functionality. 
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CHAPTER II 

REVIEW OF LITERATURE  

             Many studies have documented motor and cognitive changes in individuals with 

unilateral Lower Limb Amputation (LLA). These functional and psychological changes 

can affect quality of life (QOL). The role motor and cognitive changes may play in 

altering a unilateral LLA patient’s functional outcome based on the Functional 

Independence measure (FIM) score is less defined. Rarely, have studies investigated the 

functional outcome improvements using FIM score after a unilateral LLA during acute 

in-patient rehabilitation (AIR) in a Free Standing Rehabilitation hospital (FSRH). The 

purpose of the study was to determine the differences in unilateral LLA patients’ total 

Functional Independent Measure (TFIM), motor FIM (MFIM) and cognitive FIM 

(CFIM) scores based on etiology, rehabilitation phase and phantom limb pain when these 

scores were produced during completion of an AIR in an FSRH. An additional purpose 

was to document whether incorporating AIR changed function from pre-rehabilitation to 

post-rehabilitation.  

2.1. Lower Limb Amputation 

Any type of limb amputation is a life-changing event. The international 

prevalence of LLAs have been reported to be 17 to 30 per 100,000 people (Kohler et al., 

2009). Non-industrialized countries have a higher amputation incidence due to a high 

prevalence of war, trauma, and under developed medical systems, with trauma being the 

most common cause of amputation (Kohler et al., 2009). The amputation prevalence is 

expected to increase globally due to an increase in the diabetes patient population, 
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conflicts around the world, land mine blasts, and increased motorized vehicle use,  thus 

increasing the number of patients suffering worldwide from chronic disabling conditions 

associated with amputation (Kohler et al., 2009). 

In the US, dysvascular causes that include peripheral vascular disease (PVD), 

Diabetes Mellitus (DM) or Chronic Venous Insufficiency (CVI) account for 82% of all 

LLAs (Dillingham T. R, Pezzin, & MacKenzie, 2002). Other LLA causes include trauma 

(16.4%), cancer and malignancies (0.9%), and congenital deficiencies (0.8%) 

(Dillingham T. R, Pezzin, & MacKenzie, 2002). Vascular disease secondary to DM 

(Johannesson et al., 2009) accounts for more than 40% of LLAs, while it accounts for 

only about 5% of arm amputations (Raichle et al., 2008). It is noteworthy that from 1988-

1996, dysvascular amputation rates in the US increased by 26.9%, whereas rates of 

cancer and trauma related amputations decreased by 42.6% and 50.2%, respectively 

(Dillingham T. R, Pezzin, & MacKenzie, 2002). Due to demographic changes and higher 

vascular disease rates, it is predicted that amputation prevalence is likely to more than 

double by the mid-21st century (Ziegler-Graham et al., 2008). The prevalence of 

dysvascular LLAs as of 2005 was estimated to be 846,000 people. The number of such 

amputees is projected to nearly triple to over 2.27 million people by the year 2050 

(Ziegler-Graham et al., 2008). High rates of mortality, morbidity, impaired function and 

reduced QOL are common outcomes of major amputations (Sinha, van den Heuvel, & 

Arokiasamy, 2011, Bhangu, Devlin, & Pauley, 2009).  

Amputation risk increases with age, regardless of etiology, sex, or race. However, 

the rate increase with advanced age is high among African decent patients requiring 
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dysvascular amputations (Dillingham T. R, Pezzin, & Mackenzie, 2002). Males are at a 

significantly higher risk for trauma related amputations versus age matched females 

(Dillingham T. R, Pezzin, & Mackenzie, 2002). The leading causes of trauma-related 

amputations have been reported to be injuries involving machinery (40.1%), powered 

tools and appliances (27.8%), firearms (8.5%), and motor vehicle accidents (8%) in the 

US (Dillingham T. R, Pezzin, & MacKenzie, 1998). 

The functional implications for patients treated with LLA depends on a variety of 

factors, including the amputation height (Pinzur, Gottschalk, Pinto, & Smith, 2007). The 

LLAs are usually performed as an elective surgery. The most commonly used surgical 

approaches to LLAs include Transtibial Amputation (TTA); Knee Disarticulation 

(Through-Knee Amputation or TKA); Supracondylar Amputation, which is a surgical 

procedure that spares the patella for better end weight-bearing that may delay healing 

between the end of the femur and patella; and Transfemoral Amputation (Above Knee 

Amputation or AKA). 

2.2. Above-Knee Amputation  

There are different types of AKA. Short transfemoral amputations describe an 

AKA with less than 35% of the original femoral length remaining after the procedure 

(Appendix A). Conversely, medium transfemoral amputations describe procedures that 

spare 35% to 60% of the original femoral length. Long transfemoral amputations occur 

when more than 60% of femoral length is present. In general, the residual limb must be at 

least 4 to 6 inches in length from the groin in order to allow a proper fit in a prosthesis 

(Coletta EM et al., 2000). Transfemoral amputations have been reported to account for 
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25.8% of dysvascular amputations performed in the US (Dillingham T. R, Pezzin, & 

MacKenzie, 2002). During amputation, muscular and cutaneous tissues flaps are used to 

cover the end of the bone. Normally, anterior and posterior muscular surfaces should be 

well vascularized, so equal tissue amounts from both anterior and posterior flaps are 

recommended (Dillingham T. R, Pezzin, & MacKenzie, 2002). 

2.3. Transtibial Amputation 

As seen with AKA, there are different approaches to TTA. A short transtibial 

amputation (short TTA) describes a TTA with less than 20% of the original tibial length 

preserved (Appendix A). Such a TTA results from trauma and is not typically used as an 

elective procedure. A short TTA results in a small-moment arm, making knee extension 

difficult with ambulation. Conversely, the standard transtibial amputations describe 

procedures that preserves 20% to 50% of the original tibial length, where at least eight 

centimeters of tibia is required below the knee joint to ensure an optimal fitting 

prosthesis. The long transtibial amputation preserves more than 50% of original tibial 

length. However, this procedure is usually not advised due to poor blood supply to the 

distal leg. A long posterior flap is normally incorporated in order to ensure good 

vascularization and an excellent weight-bearing surface. The fibula is commonly 

transected one to two centimeters shorter than the tibia to avoid distal fibula pain. 

Transtibial amputations have been reported to account for 27.6% of dysvascular 

amputations performed in the US (Dillingham T. R, Pezzin, & MacKenzie, 2002). 

2.4. Through-Knee Amputation        

 The TKA is a traditional, anatomically-guided procedure that does not require 
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surgical cutting through bone or muscular bellies (Appendix A). This approach offers 

acceptable weight distribution and retains a long, powerful femoral lever arm. The 

procedure yields a non-cosmetic socket due to need for an external joint mechanism, as 

well as a complex swing-phase control that is not compatible with the non-operated side. 

This procedure is usually performed on patients who will not become prosthetic walkers, 

or on growing children who need to maintain an equal femoral length to the uninvolved 

side (Dillingham T. R, Pezzin, & MacKenzie, 2002). 

2.5. Comparing Amputation Heights 

There are several studies that have compared AKA, TTA and TKA functional 

activities. With regards to mobility, a study has shown approximately 75% of patients 

with a TTA or TKA could walk at least 500 meters (Penn-Barwell, 2011), where the 

proportion of patients with a TKA able to walk this distance was greater than those with 

an AKA (Penn-Barwell, 2011). The TTA patients are likely to have a better outcome than 

those with an AKA (Penn-Barwell, 2011). Approximately 70% of all patients with a 

LLA, regardless of height, were able to return to work (Penn-Barwell, 2011). In the sub-

group of military patients, it has been shown that only 16% of TTA patients return to 

military duty, versus 11% for AKA patients. In contrast, the majority of military patients 

with TKA and bilateral amputation did not return to duty (Penn-Barwell, 2011). 

The SF-36 score is a self-reported questionnaire that measures health-related 

QOL. This instrument allows the clinician to calculate the patient’s overall QOL score, as 

well as separate physical and emotional component scores. Each SF-36 score (overall, 

physical, and emotional) is expressed as a value between 0 and 100, with a high score 
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representing a better QOL (Ware & Sherbourne, 1992). Studies have shown a progressive 

and significant lowering of the SF-36 Physical Component Score (PCS) as unilateral 

amputation height become more proximal from TTA to TKA and AKA (Penn-Barwell, 

2011). 

A meta-analysis of traumatic amputation studies reported significantly better SF-

36 PCS outcomes in patients with a TTA versus AKA, as well as better PCS outcomes for 

TKA versus AKA (Penn-Barwell, 2011). The investigators reported that SF-36 PCS is the 

only outcome measure that is a well validated principal outcome measure, incorporating 

physical functioning, role limitation, energy, pain and health perception (Hays, Hahn, & 

Marshall, 2002). The ability to walk a distance equivalent to approximately 500 meters 

has been identified as a key threshold that enables independent living (van der Schans, 

Geertzen, Schoppen, & Dijkstra, 2002) and has been used to collate data across a range 

for studies. Prosthesis use is widely regarded as an outcome measure because it is 

believed to be a surrogate marker for the extent of rehabilitation and residual limb health, 

even though it has not been validated (T. R. Dillingham, Pezzin, MacKenzie, & Burgess, 

2001). The patients with more distal amputations have been shown to be more mobile 

than those with an AKA, given the mechanical advantage of a longer residual limb (Penn-

Barwell, 2011). 

Studies have shown that patients with a TKA have significantly more residual 

limb pain and wear their prostheses significantly less than other unilateral amputees, 

suggesting that there might be difficulties associated with prosthetic fitting for TKA 

patients. The majority of TKA prosthesis designs are adapted from the AKA prosthesis 
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designs, but in a TKA the knee joint axis is lower than the contra-lateral real knee, 

complicating the patient’s gait training and recovery. Additionally, soft tissue coverage of 

the residual limb end can be sub-optimal, because of lesser tissue availability when 

compared to AKA or TTA, which could result in greater pain and subsequently reduced 

prosthesis use (Mensch, 1983, Pinzur et al., 2007). Selected studies suggest that, when 

compared to a more proximal transosseous AKA, a TKA provides a superior load-bearing 

surface through the femoral condyles, accompanied by a superior lever arm that leads to 

superior functional mobility (Pinzur et al., 2007, Penn-Barwell, 2011). Investigators have 

suggested that prosthetic services lack experience caring for patients with a TKA, given 

the relative rarity of amputations at this level (Dillingham T. R, Pezzin, & MacKenzie, 

2002). Some studies highlight surgeons’ reluctance to perform TKA, due to high rate of 

revisions to AKA due to vascular indications (Jensen, Poulsen, & Krasnik, 1982). 

Investigators have reported that a more proximal LLA produces a greater resulting 

physiological demand (Waters, Perry, Antonelli, & Hislop, 1976). Whilst most clinicians 

might assume that outcomes are poorer with more proximal amputations, there is 

uncertainty as to the strength of this assumption. Recent decades have seen a shift in the 

relative frequencies of AKA and TTA procedures. In 1961 there were around 70% AKA 

and 25% TTA, versus 50% AKA and 45% TTA reported in 1986 (Gregory-Dean, 1991). 

This increased rate of TTAs has especially improved patient mobility and rehabilitation, 

due to natural knee joint preservation that allows a higher remaining-limb functionality 

(Gregory-Dean, 1991). Conversely, the significance of retaining the knee joint and 

whether a TKA patient functionally recovers more completely versus an AKA patient is 
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unclear (Perry, 2005). Some investigators argue against TKA use in adults with open 

fractures on the basis of  Lower Extremity Amputation Project results (MacKenzie et al., 

2004). On the contrary, other investigators report positive results from incorporating TKA 

versus AKA (Penn-Barwell, 2011). Many studies often include patients with traumatic 

and non-traumatic causes for their amputation and do not differentiate between different 

amputation levels. However, the precise nature of the relationship between amputation 

height, mobility, pain and QOL is less well understood. There is a scarcity in the literature 

interpreting these areas and the available studies are not well performed. 

Investigating patients’ needs and outcomes after TTA or AKA is critical to 

advancing the science and clinical management of patients needing LLAs. In the US, 

more than 60,000 major lower-extremity amputations were recorded in Veterans Health 

Administration (VHA) facilities between 1989 and 1998 (Mayfield, Reiber, Maynard, 

Czerniecki, Caps MT, Sangeorzan BJ, 2000) and more than 83,000 in Medicare facilities 

between 1969 and 1997 (Wrobel, Mayfield, & Reiber, 2001). Changes in both VHA and 

Medicare policies stimulate shifts from inpatient to outpatient services without empirical 

evidence either supporting or refuting the value of those services (Stineman et al., 2008). 

Thus, the current investigation can add evidence to guiding policies that support short-

stay inpatient acute rehabilitation after unilateral LLA. 

2.6. Phantom Limb Pain  

Phantom limb pain (PLP) is a common side effect after an amputation. Studies 

have documented PLP prevalence rates that range from 51% to 80% (Hanley et al., 2009) 

with an average of 74.6% (Wilkins, McGrath, Finley, & Katz, 1998), versus a prevalence 
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of non-painful phantom sensations between 70% and 90% (Kooijman, Dijkstra, Geertzen, 

Elzinga, & van der Schans, 2000). Phantom limb sensations, including pain, are 

sensations that are perceived to be arising from the limb region that is no longer present 

following an amputation (Casale R, Alaa L, Mallick M, & Ring H, 2009). An immediate 

post-operative incidence of PLP and other phantom sensations has been reported to be 

72% and 84%, respectively, while the incidence at 6 months post-operatively changes to 

67% and 90%, respectively (R et al., 2009). Both PLP and other phantom sensations are 

generally localized to the distal region of the missing limb segment (Casale R et al., 

2009). Patients who complain of PLP typically present with lower health-related QOL 

versus patients without PLP (Zidarov, Swaine, & Gauthier-Gagnon, 2009). Pre-

amputation pain has been shown to significantly increase the PLP incidence after the 

amputation (Geertzen, Martina, & Rietman, 2001). The presence of PLP may reduce the 

chances of successful prosthetic use. It has been shown that persons using their prosthetic 

limbs nine or more hours per day have less PLP than others who use their limb for less 

time (Casale R et al., 2009). 

The PLP is a heterogeneous syndrome in terms of the development, frequency, 

intensity, and quality of pain, ranging from occasional slight painful sensations to 

constant severe pain. Some patients can precisely locate the perceived pain, while others 

report diffuse pain that cannot be located with certainty. Both PLP and non-painful 

phantom sensations can first occur immediately after amputation or years later and can be 

alleviated or exacerbated by factors such as focused attention, change in weather, or 

emotional distress (Nikolajsen & Jensen, 2001). The size and shape of the PLP region can 
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change over time (Giummarra, Gibson, Georgiou-Karistianis, & Bradshaw, 2007). The 

patients with PLP report a “telescoping” phenomenon, where the phantom arm or leg is 

perceived to have shortened and the hand or foot sensation shifts closer to the residual 

limb (Ramachandran & Hirstein, 1998). 

Most amputees report some residual sensation from the lost limb, with most of 

them suffering from PLP (Giummarra et al., 2007, Hanley et al., 2009). In addition to 

extremity amputations, phantom sensations and PLP have been reported after the loss of 

body parts such as teeth (Marbach & Raphael, 2000), internal organs (Biley, 2001) or 

genitalia (Wade & Finger, 2010). Children and adolescents appear to suffer less often 

from PLP when compared with adults with similar amputation histories (Wilkins et al., 

1998). The incidence of PLP in the first 6 months after the amputation is approximately 

72% (range 54% to 82%). The incidence in arm amputations appears to be higher than in 

leg amputations (Richardson, Glenn, Nurmikko, & Horgan, 2006), but there appears to be 

no difference between arm and leg amputations with respect to pain intensity (Raichle et 

al., 2008). The probability of developing severe PLP is increased after leg amputation, 

which appears to be associated with depressive symptoms (Ephraim, Wegener, 

MacKenzie, Dillingham, & Pezzin, 2005). The presence of residual limb pain is 

positively correlated with PLP (Sherman, Sherman, & Parker, 1984). 

Treatments for phantom-limb related symptoms include topical agents such as 

lidocaine, as well as pharmacological interventions such as opioids, anticonvulsants, 

antidepressants, and botulinum toxin (Pasquina et al., 2006). Surgical treatments that 

include residual limb revision, intrathecal implants, trigger point injections, dorsal 
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column stimulation, dorsal root ablation and dorsal column tractotomy have been 

described in the literature. Due to complication risk and limited benefit, surgeries are 

generally used in a limited number of  patients (Casale R et al., 2009). Physical therapy 

modalities, biofeedback, relaxation and breathing techniques have been shown to be 

beneficial, along with acupuncture and hypnosis (Pasquina et al., 2006). Electrical 

stimulation approaches that include transcutaneous electrical nerve stimulation (TENS), 

spinal cord stimulation, and motor cortex stimulation have been used with variable results 

(Casale R et al., 2009). The use of TENS has appeared to produce approximately 50% 

success rate in PLP treatment (Casale R et al., 2009). Mechanical stimulations that 

include residual limb massage, percussions, and vibratory stimulations have been shown 

to be useful (Casale R et al., 2009). Ultrasound, superficial heat and cryotherapy have 

been reported to produce short-term pain relief (Casale R et al., 2009).  

Mirror box therapy has been used as a treatment for PLP, where amputees use a 

mirror to view a reflection of their contralateral anatomical limb in the visual space 

occupied by the phantom limb. Resulting pain relief is hypothesized to be due to cortical 

restructuring achieved by mirror neuron activation in the brain hemisphere contralateral 

to the amputated side. This approach is believed to recreate a coherent body image and 

update internal motor control models (Casale R et al., 2009, Murray C. D et al., 2007, 

Darnall, 2009). A mirror is placed between the amputated limb and the intact 

contralateral limb in the parasagittal plane. The patient visualizes moving the phantom 

limb while simultaneously moving the intact limb, as observed in the mirror. Upon 

completion of this treatment in one study, there was increased prefrontal cortex 
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activation, supporting a cortical reorganization theory after lower extremity amputation 

(Seidel et al., 2011, MacLachlan, McDonald, & Waloch, 2004, Darnall, 2009, Murray C. 

D et al., 2007). Studies have shown that the pain prevalence associated with the patient's 

residual limb is similar in TTA versus AKA patients (Penn-Barwell, 2011). 

2.7. Acute Inpatient Rehabilitation (AIR) Program 

The definition of AIR applied in this study includes a program provided by an 

interdisciplinary rehabilitation team in an AIR after the amputation patient is discharged 

from acute care hospitalization. Thus, this approach to studying outcomes is similar to 

previous amputation-related reports where patients had previously received treatment 

within a designated in-patient rehabilitation either at a private sector AIR or in a 

specialized rehabilitation unit (SRU) (Dillingham T. R et al., 1998, Dillingham T. R, 

Pezzin, & Mackenzie, 2003, Dillingham T. R, Pezzin, & Shore, 2005). 

Typically, once a patient is admitted to AIR, clinical professionals assess the 

patient's functional status over a span of up to 3 days, where they evaluate the patient’s 

potential for rehabilitation and to develop a care plan. The specific characteristics that 

establish the AIR program parameters include a distinct admission and discharge date, as 

well as a functional status and outcomes report. During the AIR hospital stay, the patient 

should participate for a minimum of 3 hours per day in a routine therapy program 

provided by the interdisciplinary rehabilitation team. The commonly articulated goal of 

acute post-amputation rehabilitation is to help LLA patients regain sufficient functional 

mobility before returning to-home. Functional mobility improvements could enhance 

patient survival after recent amputation, allowing a greater proportion of patients to 
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return home after acute care amputation surgery (Stineman et al., 2008). 

2.8. Functional Independence Measure Scores 

Studies have investigated the reliability and validity of several functional 

outcomes that assess amputation patients’ functional gains in response to rehabilitation. 

The functional outcome measurement tools reported in the amputation rehabilitation 

literature that have been used in studies include: Functional Independence Measure 

(Panesar, Morrison, & Hunter, 2001); Office of Population Censuses and Surveys Scale 

(OPCS) (Panesar et al., 2001); Amputee Activity Score (Panesar et al., 2001); Get-up-

and-Go Test (Panesar et al., 2001); 6-Minute Walk Test; Barthel Index (Pasquina et al., 

2006); Medical Outcomes Study 36-Item Short Form Health Survey (SF-36; Pasquina et 

al., 2006); Prosthesis Evaluation Questionnaire (PEQ; Pasquina et al., 2006); Locomotor 

Capabilities Index (LCI; Pasquina et al., 2006); Sickness Impact Profile (Pasquina et al., 

2006); Questionnaire for Persons with Transfemoral Amputation (Pasquina et al., 2006); 

and the Trinity Amputation and Prosthetic Experience Scale (Pasquina et al., 2006). The 

Functional Independence Measure (FIM) (Panesar et al., 2001) can be used for the in-

patient setting, whereas all other inventories are applicable and mainly used for the out-

patient setting only. 

The AIR submits functional outcome measurement data of amputation patients 

from the Patient Assessment Instrument (PAI) to the Uniform Data System for Medical 

Rehabilitation (UDSMR). The PAI contains demographic, medical, and functional 

information on each AIR-admitted patient. Embedded in the IRF-PAI is the FIM 

instrument, a criterion reference tool that was developed in the 1980s to measure burden 
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of care and functional independence in personal care activities (Keith, Granger, 

Hamilton, & Sherwin, 1987). There are standardized procedures for collecting all of the 

information in the IRF-PAI, including the FIM instrument (Medicare et al., 2014).  

The total FIM (TFIM) is comprised of two test components: The cognitive FIM 

(CFIM) component that is comprised of 5 cognitive evaluation items and the motor FIM 

(MFIM) component that is comprised of 13 motor evaluation items, totaling 18 

evaluation items that must be completed for the entire FIM. The motor component 

includes the following subcomponents: the self-care sub-component that includes 

feeding, grooming, bathing, upper body dressing, lower body dressing and toileting 

items; the sphincter control sub-component that includes bladder management and bowel 

management items; the mobility sub-component that includes transfers from bed to 

wheelchair, toilet to wheelchair, and in-and-out of the tub and shower; the locomotion 

sub-component that includes walking, wheelchair access / use, and stair navigation items. 

The cognitive component of FIM score is the sum of communication sub-component that 

includes comprehension and expression items; and the social cognition sub-component 

that includes social interaction, problem solving and memory items (Appendix B).  

When using the FIM to evaluate a patient, all items are numerically scored from a 

low value of “1”, meaning complete dependence, to a high value of “7”, meaning 

complete independence. Therefore, the minimal score on the FIM is 18, and the 

maximum score is 126, which indicates complete independence. A complete list of 

scoring options for the each FIM evaluation item is as follows: A score of “1” = Total 

assist needed; “2” = Maximal assist (patient can perform 25% of the task); “3” = 
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Moderate assist (patient can perform 50% of the task); “4” = Minimal assist (patient can 

perform 75% of the task); “5” = Supervision needed; “6” = Modified independence 

(patient uses an assistive device); and “7” = Independence in performing the task. There 

is a rating exception for 11 of the MFIM evaluation items (excluding bowel and bladder), 

where 0 may be recorded at admission. A 0 rating represents that the activity did not 

occur, but the use of this code should be rare. 

The validity and reliability of the FIM instrument for rehabilitation patients is 

well established (Dickson & Köhler, 1995a, Ottenbacher, Hsu, Granger, & Fiedler, 1996, 

Dodds, Martin, Stolov, & Deyo, 1993). Studies have shown good reliability for FIM 

during AIR (Hamilton, Laughlin, Fiedler, & Granger, 1994). The FIM at discharge has 

been shown to be an independent predictor of 6 month outcome in rehabilitation patients 

(Gabbe, Williamson, Cameron, & Dowrick, 2005, Gabbe et al., 2008). The national 

simple mean for LLA patients’ acute rehabilitation for the 2014 year were: total 

admission FIM score-63.2; discharge TFIM score-86.1; FIM gain score-22.9; Length of 

stay (LOS)-12.6 days; FIM efficiency score-2.1; time since surgery-55.7 days. 

The relevant data for the current study included patient socio-demographic 

characteristics; the primary impairment and etiologic diagnosis; an amputation quality 

indicator such as phantom limb pain; time from acute care discharge to admission to AIR 

and Length of Stay (LOS) in AIR; standardized functional status measures at both 

admission and discharge (measured by the FIM instrument); and AIR discharge settings. 

Cognitive and motor functional scores of the patients between AIR admission and 

discharge were measured by the FIM instrument.  
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2.9. Amputation Rehabilitation  

Rehabilitation after major LLA, as well as communication among the 

interdisciplinary healthcare team, the patient, and the patient’s family, are essential. 

Stage-specific treatment objectives and goals should be based on the patient’s health 

status, cardiovascular condition, amputation level, and relevant personal and 

environmental factors (Esquenazi A & DiGiacomo, 2001). It is common to treat the 

affected limb with surgical reconstruction that optimizes the fit of a future prosthesis, 

with adequate muscle balance that allows the biomechanical advantage necessary to meet 

the residual limb’s new function (Alberto Esquenazi, 2004). Retaining the knee joint has 

been shown to contribute to more efficient ambulation with a prosthesis that requires less 

energy expenditure (Aulivola et al., 2004). 

Persons with LLA experience a wide range of activity limitations. Typical activity 

restrictions for LLA relate to self-care activities and mobility. These restrictions could 

affect the person’s ability to return to and maintain work, social relationships, leisure 

activities and community activities (Kohler et al., 2009). Physical and structural 

environments, as well as personal factors such as age, sex, and level of education play a 

major role in determining LLA patients’ participation in social roles (Kohler et al., 2009). 

The optimal AIR for amputees involves an in-depth understanding of the patient’s 

systemic functional amputation consequences, a consideration for the patient’s 

environment, and a framework for the patient’s expected functional outcomes (Kohler et 

al., 2009). 

In response to the potential devastating outcomes associated with amputation, a 
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comprehensive model for rehabilitation after amputation has been suggested. The positive 

effects of a comprehensive inpatient rehabilitation approach on patients’ survival, clinical 

outcomes, general health, and decreasing re-amputation rate has been established in 

multiple studies (Dillingham T. R & Pezzin, 2008, Stineman et al., 2010a). Despite 

growing evidence of its effectiveness, the proportion of patients who receive inpatient 

rehabilitation following a major LLA has remained low, with less than one third of those 

patients being discharged to an AIR (Dillingham T. R et al., 2003). Many articles 

examining the effects of a post-acute care setting on clinical outcomes have not focused 

on physical function or physical independence as an outcome (Deans, McFadyen, & 

Rowe, 2008, Zidarov et al., 2009, Mac Neill, Devlin, Pauley, & Yudin, 2008), despite 

evidence that improved physical functioning is correlated with increased survival after 

amputation (Stineman et al., 2009). For physicians to answer their patients’ concerns 

about their future mobility, symptoms, and lifestyles after LLA, they need accurate 

information about the likely impact of different LLA levels with functional improvement 

during and after an AIR stay. 

Potential complications that occur during an AIR stay can increase 

morbidity/mortality, impact the patient’s ability to participate in therapy, and influence 

overall prognosis. Treatment design and goals include prevention of deep vein 

thrombosis and pulmonary embolism, as well as cardiac complications including 

arrhythmia, congestive heart failure, and myocardial infarction (Aulivola et al., 2004). 

Systemic complications include pneumonia, renal failure, stroke, and sepsis (Aulivola et 

al., 2004). Complications at the surgical site include hemorrhage or hematoma, wound 
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infection, and failure to heal that require additional surgical interventions such as a split-

thickness skin graft (STSG), hematoma evacuation, soft tissue debridement, residual limb 

revision, and conversion from TTA to AKA (Aulivola et al., 2004). 

Early mobility has been shown to improve functional outcomes, foster 

independence, decrease mortality rates, and reduce acute care length of stay status post 

LLA (Marzen-Groller et al., 2008). Studies have shown that among elderly amputees, an 

early coordinated post-amputation rehabilitation program may improve prosthetic 

ambulation and reduce the risk of further disability (Cutson & Bongiorni, 1996). 

Additionally, studies have shown that when immobility with associated deconditioning 

and contracture formation in the residual limb are allowed to occur, then prosthetic fitting 

and functional outcomes are compromised (Dillingham T. R et al., 1998). 

2.10. Phase 1: Pre-Prosthetic Phase  

Several LLA patients are admitted to AIR for pre-prosthetic phase therapy after 

discharge from acute-care hospital amputation surgery. The duration of this phase is 

variable but usually lasts for less than 2 weeks. The general program goal for acute and 

subacute LLAs focuses on four main components: flexibility, muscle strength, 

cardiovascular training, and balance (Esquenazi A & DiGiacomo, 2001). Flexibility or 

stretching exercises help patients prevent muscle shortening and joint contractures. These 

are performed slowly in a controlled manner and held for at least 20 seconds. 

Strengthening exercises may include isometric, isotonic and isokinetic activities 

(Esquenazi A & DiGiacomo, 2001). 

For the unilateral LLA, the non-affected limb becomes the sole support limb. 
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Stance-phase stability requires adequate strength of the hip extensors and abductors, knee 

extensors and ankle plantar flexors. Swing-phase limb advancement and clearance 

requires adequate hip flexor and dorsi-flexors. Frequently, when exposed to altered 

biomechanical loads, the non-affected limb can develop symptoms consistent with 

overuse (Esquenazi A & DiGiacomo, 2001).  

Sitting balance, bed mobility and transfers are facilitated by strong trunk flexors; 

rotators, extensors, and hip extensors. Transfers and assistive device use rely on adequate 

function of the shoulder stabilizers, adductors and depressors; elbow extensors; wrist 

stabilizers; and grip strength (Esquenazi A & DiGiacomo, 2001). In patients who undergo 

AKA, strengthening of residual limb hip extensors and abductors should be emphasized 

for prosthetic use. In patients who undergo TTA, strengthening of the residual limb hip 

extensors and abductors, along with knee flexors and extensors, should be emphasized for 

optimized prosthetic use (Esquenazi A & DiGiacomo, 2001). Cardiovascular training may 

be initiated in order to improve endurance, functional mobility and tolerance. 

Cardiovascular training duration, frequency, intensity and mode can be changed 

according to patient needs and abilities. 

Wheelchair mobility or upper-extremity ergometry can be used in the pre-

prosthetic phase. Swimming can be initiated at the appropriate time once the incision has 

healed, and swimming is a good work-out for patients who have sensitive residual limbs 

or who need to minimize weight-bearing impact (Seymour, 2002). Balance training 

includes sitting, standing, static and dynamic activities as appropriate. Patients are usually 

challenged to reach for objects, while positioned on soft and unstable surfaces. 
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Initially, Active-Assistive or Active Range of Motion (AAROM or AROM), as 

well as theraband resistive exercises, can be initiated for the upper extremities and the 

non-amputated lower limb. Later isometrics, AAROM, and AROM for the residual limb 

would be initiated. Exercises may include quadriceps, gluteus, hip internal rotation and 

external rotation, hip adduction isometrics, seated push-ups and supine hip and knee 

flexion exercises (Esquenazi A & DiGiacomo, 2001). 

Positioning for edema reduction and contracture prevention are commonly 

emphasized for patients with AKA and TTA during rehabilitation. Contractures may 

develop due to improper bed positioning or prolonged seated wheelchair use. The TTA 

patients are at risk for developing hip and knee flexion contractures (Esquenazi A & 

DiGiacomo, 2001). Contractures of the hip flexors, abductors, and external rotators are 

common in the AKA. In AKA patients with hip flexion contracture prosthetic fitting 

needs to wait until the contracture is no greater than 10 degrees (Cole, 2003).  

Patients are encouraged to have periods of lying supine or prone to provide a 

prolonged low-load stretch on the hip flexors and prevent hip flexion contracture. An 

elastic stockinette or ACE bandage is wrapped over the post-operative dressing to prevent 

edema accumulation in the residual limb. The TTA patients are instructed on proper limb 

positioning in the chair with the knee maintained at 0-degree extension. Patients are 

educated to elevate the surgical limb while sitting in a chair or lying in bed (Esquenazi A 

& DiGiacomo, 2001). In TTA patients, a knee immobilizer is often used for residual limb 

positioning and contracture prevention after considering a patient’s mental status, and 

integumentary integrity. Patients are encouraged to perform a thorough skin inspection, 
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as the knee immobilizer may cause pressure wounds if strapped improperly over the 

patella (Esquenazi A & DiGiacomo, 2001). 

The post-operative dressings can be of different types. Dressings after amputation 

include: (1) soft dressing in which gauze, cotton padding and an elastic bandage is most 

commonly used; (2) a semi-rigid dressing comprised of an unna paste bandage; or (3) a 

rigid dressing, where the residual limb is wrapped by a rigid plaster cast socket that fixes 

the knee in extension immediately post-op or within days of surgery (Seymour, 2002). 

Rigid dressing use, either immediate or delayed, has been shown to result in a shorter 

time period required between amputation to first prosthesis delivery, thus decreasing knee 

flexion contracture risk for transtibial amputees (Van Velzen, Nederhand, Emmelot, & 

IJzerman, 2005). Advantages of a rigid dressing include improved wound healing, edema 

prevention, knee flexion contracture prevention, and the ability to sufficiently load the 

extremity in preparation for gait training within one-week post-procedure, thus 

preventing secondary complications due to immobility. Disadvantages of a rigid dressing 

include increased risk for pressure ulcers and delays in detecting wound problems (Van 

Velzen et al., 2005). A removable rigid dressing functions as the rigid dressing described 

above but can be removed daily to inspect the limb for healing or complications. 

An Immediate Postoperative Prosthesis is a hard cast that is applied to the residual 

limb, along with a pylon and foot that are attached to allow for immediate upright weight 

bearing and gait training. Patients with TTA and TKA may be permitted to weight-bear 

up to 40 pounds on the residual limb in the IPOP until sutures are removed (Walsh, 

2003). The IPOP is most often used following trauma for young patients who have good 
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balance and skin integrity (Seymour, 2002).  

Once the incision is healed and sutures are removed, which varies from 10-21 

days after surgery, compression device use is appropriate (Seymour, 2002). Compression 

devices are incorporated in order to ensure proper residual limb shaping. The indications 

for using such compression devices include edema management, shaping the residual 

limb, contracture prevention and desensitization (Seymour, 2002). Edema leads to poor 

epithelization, decreased oxygenation, nutrition diffusion issues, so to control edema 

elastic wraps, usually 3, 4, or 6-inch width elastic bandages are commonly used. Elastic 

bandaging is usually implemented by the physical therapist and is changed daily to 

ensure a good pressure gradient from distal to proximal. The bandages should be worn 24 

hours per day, except when bathing (Seymour, 2002). An elastic stockinette is an 

acceptable substitution for an ACE wrap. Another option for compression management is 

the shrinker, which is often more practical than other compression approaches due to ease 

of application, especially for the AKA (Seymour, 2002). 

Functional mobility training for individuals undergoing LLA may be initiated as 

early as post-operative day 1, or when deemed appropriate by the clinician’s discretion 

with respect to the patient’s medical status and physical tolerance. Early post-operative 

mobilization reduces the risk of orthostatic hypotension. For patients after AKA or TTA, 

the following activity guidelines have been reported (Marzen-Groller et al., 2008): Post-

operative day (1) - bed mobility, therapeutic exercises; Post-operative day (2) - sitting at 

the edge of the bed, transfer training and out of bed no more than 2 hours a day; Post-

operative day (3) - ambulate as tolerated with an assistive device; and Post-operative day 
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(4) to discharge - continued ambulation out of bed to a chair twice a day. As the patient 

progresses, he or she is asked to increase the ambulatory distance as tolerated. The patient 

is encouraged to exercise when lying in bed or sitting in a chair. 

Gait training should begin on flat surfaces with the use of crutches, with an initial 

emphasis on technique followed by gradually increasing gait velocity. Then the patient 

should be progressed to uneven surfaces and elevations that include stairs as tolerated 

(Esquenazi A & DiGiacomo, 2001). If the patient has limited mobility, a slide board may 

be used for transferring from a wheelchair to a bed or car. Wheelchair mobility training 

should be initiated, if appropriate, in order to improve endurance and develop skills 

needed to negotiate a wheelchair both indoors and outdoors. A skin-desensitization 

program can be useful, as desensitization activities decrease residual limb 

hypersensitivity. Desensitization and pain management may be necessary before the 

patient is able to tolerate the pressure of an orthosis/prosthesis (Seymour, 2002). 

Management can include gentle rubbing/tapping and massage, along with soft-tissue and 

scar mobilization (Esquenazi A & DiGiacomo, 2001). Such activities are performed 

initially by the therapist, and then taught to the patient and family to be performed 

independently. 

Additionally, safety awareness that includes the use of assistive devices and 

asking for appropriate assistance during mobility are considered fall-prevention 

strategies. It has been reported that one in five persons with LLA experience a fall, with 

18% sustaining an injury during AIR (Pauley, Devlin, & Heslin, 2006). Risk factors for 

falls in persons after major LLA include age greater than 71 years, extended AIR stay (>3 
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weeks), four or more significant comorbidities, cognitive impairment, and use of 

benzodiazepines or opiates (Pauley et al., 2006). Individuals are vulnerable to muscle 

strength loss and contracture development during this period. The clinician should 

discuss realistic expectations about function, appropriate assistance from family, 

rehabilitation progression, body image changes, phantom sensation/pain, and emotional 

support. 

2.11. Phase 2: Prosthesis Phase 

Prosthetic training may begin while the patient is in an AIR or during outpatient 

follow-up. Fitting of the first prosthesis should be implemented as soon as possible after 

wound healing. The choice of prosthetic device a should be individualized based on the 

patient’s functional capacity and personal goals, with the intent to allow the highest 

possible level of function. A team approach to prosthetic prescription writing should be 

used whenever possible, and should include a physiatrist, physical therapist and 

prosthetist working closely together to optimize outcomes for the amputee (Pomeranz, 

Adler, Shenoy, Macaluso, & Parikh, 2006). The time to the prosthesis fitting could be as 

early as 6-8 weeks or longer after the initial event (Seymour, 2002). In the meantime, gait 

re-training is initiated without a prosthesis and with the help of assistive devices (Van 

Velzen et al., 2005). Criteria for the prosthesis fitting include: all wounds must have 

healed; edema must have resolved; the residual limb should be conically shaped; and 

residual limb maturation should be achieved (Van Velzen et al., 2005). Obesity can be a 

limiting factor because most prosthetic devices are designed with a maximum load of 330 

pounds (Cole, 2003). Patients with advanced dysvascular etiology may less likely be able 
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to use a prosthetic device due to poor skin integrity, delayed healing, and impaired 

aerobic endurance. If dysvascular patients are fitted with a prosthesis, adequate wound 

healing may take an extended period of time (Seymour, 2002). 

 In 1995, Medicare adopted a 5-level functional classification system (MFCL) that 

uses code modifiers (K0, K1, K2, K3, K4) to describe the functional abilities of persons 

who have undergone LLA, as well as to justify the medical necessity for a prosthesis 

(Gailey R. S et al., 2002) (Appendix C). The MFCL using K levels is designed to be 

administered before prosthetic fitting for predicting functional mobility after prosthetic 

fitting, and for ensuring that the prosthesis is clinically feasible in terms of time, 

resources, and ease of use (Appendix C). These qualities imply that the amputee has the 

potential to be a safe household ambulator and could function at MFCL level K2. 

Variable cadence, stepping over a curb or obstacle, and negotiating stairs are defined for a 

level K3 ambulator (Gailey R. S et al., 2002). 

Prosthetic training in AKA and TTA patients and management during this phase 

are aimed at increasing wearing time and functional use (Seymour, 2002). The more 

proximal the amputation, the more energy is demanded from the cardiopulmonary 

systems for prosthetic gait. The timing of prosthetic fitting and training varies widely, 

depending on the patient’s age and amputation type (traumatic versus dysvascular). 

Prosthetic use is more common in LLA than in arm amputation, where LLA patients use 

the prosthesis for a longer duration in a day (Raichle et al., 2008). This use of the 

prosthesis depends on several factors that include the amputation type, patient age at the 

time of amputation, and the duration of rehabilitation (Sansam, Neumann, O’Connor, & 
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Bhakta, 2009). Older individuals use prostheses less frequently and have many more 

difficulties after amputation. Factors that improve rehabilitation include an increase of 

muscle strength, flexibility, cardiovascular fitness, balance and coordination (Esquenazi A 

& DiGiacomo, 2001). 

Ideally the prosthesis should restore function with a minimal amount of energy 

expenditure (Cutson & Bongiorni, 1996). Oxygen consumption increases approximately 

33% for the unilateral transtibial amputee, while it nearly doubles for the unilateral 

transfemoral amputee (Pomeranz et al., 2006). Due to the increasing cardiopulmonary 

demands with more proximal or bilateral amputations, the amputation level has a direct 

effect on successful prosthetic rehabilitation in the older patient (Cutson & Bongiorni, 

1996). 

Prosthetic limb choices have increased dramatically over the past several years 

(Esquenazi A, 2004), but the basic components remain the same for all Lower Limb (LL) 

prosthetic devices: a foot, pylon, socket, suspension system and, if appropriate, a knee 

mechanism. Sockets are custom made by obtaining a negative impression of the residual 

limb in plaster and are usually made from plastic materials such as polyester resin 

(Esquenazi A, 2004). Sockets for individuals with a TTA may be patellar tendon bearing 

(PTB), which offers specific weight-bearing pressure and relief areas, or total surface 

bearing (TSB) that distributes pressure equally throughout the residual limb (Seymour, 

2002). Sockets for individuals with an AKA generally include the quadrilateral socket 

that has a square appearance in the transverse plane, and the ischial-containment socket 

that has a wider anteroposterior dimension and narrower mediolateral  dimension 
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(Seymour, 2002). Liners allow for total contact between the residual limb and prosthetic 

socket, and may be added or taken off depending on day-to-day edema changes in the 

residual limb. 

The prosthetic socket suspension system may function in a number of ways using 

various cuffs and sleeves that hold the socket onto the residual limb. Suction is often a 

feature, which contributes to reliable socket suspension. Another type of popular 

suspension system involves a pin on the bottom of a liner, which inserts and locks into a 

pinhole at the bottom of the socket (Pomeranz et al., 2006). 

Prosthetic knees can have a single plane or multi-centric axis. The most basic 

prosthetic knee has a locking mechanism that could be manually applied to provide 

stability in the stance phase, with more advanced options including a weight activated 

brake or fluid controlled cylinder. In order to control limb displacement during the swing 

phase, options are available that include friction, spring, and fluid resistance (Esquenazi 

A, 2004). Electric controllers for the timing and amount of fluid resistance results in less 

effort and a safer gait pattern (Esquenazi A, 2004). 

The prosthetic foot (or terminal device) serves as a shock absorber and provides a 

stable weight-bearing surface (Pomeranz et al., 2006). A variety of prosthetic feet are 

currently available, ranging from the simple SACH foot to the sophisticated foot that 

incorporates energy storage and multiaxial function (Esquenazi A, 2004). 

Rejection rates for lower-limb prostheses are generally higher at proximal 

amputation levels versus distal levels (Seymour, 2002). Once appropriate, the patient 

with a LLA should ideally be able to use a prosthesis during most of the day. After 
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initiating ambulation with a prosthesis, patients’ skin problems may develop especially if 

they present with PVD and/or DM. Any abrasion, maceration or blister mandates 

immediate discontinuation of prosthesis use and the physician and prosthetist should be 

notified (Cole, 2003). Some investigators suggest that the patient should initially wear the 

prosthesis for up to 15 minutes, followed by skin inspection and a 15-minute rest period 

with a shrinker or elastic wrap in place to avoid residual-limb edema (Seymour, 2002). 

This schedule of 15 minutes wear/15 minutes rest should be followed during the first few 

days of prosthesis training and could be advanced as tolerated (Seymour, 2002). Patients 

with a TTA may wear their prosthesis significantly more than those with an AKA. 

Patients with bilateral LLAs wear their prosthesis the least. 

2.12. Community Integration 

Community integration, involves resumption of family and community roles in 

the patient’s experience. To initiate this, addressing emotional needs, developing healthy 

coping strategies, and resuming recreational activities should be initiated. Vocational 

rehabilitation that involves work activity assessment and training, assessment of further 

education needs, and appropriate job modification can be instrumental for the re-

integration of LLA patients (Archer, Castillo, MacKenzie, & Bosse, 2010, van der Sluis, 

Hartman, Schoppen, & Dijkstra, 2009). 

2.13. Non-Phantom Limb Pain  

The other causes of pain in individuals undergoing LLA may include neuromas, 

reflex sympathetic dystrophy, bursitis or tendonitis at the end of the residual limb 

(Knetsche, Leopold, & Brage, 2001). Neuroma formation is a natural repair phenomenon 
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that may occur when a peripheral nerve is transected. During the repair phase, axons turn 

back on themselves and combine with fibrous tissue to form an enlargement at the distal 

nerve end. Pain occurs when the neuroma is situated at the end of the residual limb or at a 

pressure point in the prosthesis. Nonoperative interventions include injections with local 

analgesics or corticosteroids. If these interventions are ineffective, surgical neuroma 

excision is the treatment of choice (Knetsche et al., 2001). Reflex sympathetic dystrophy, 

also called complex regional pain syndrome (CRPS), includes sensory, autonomic and 

motor symptoms that may arise in the affected extremity. The hallmark of this condition 

is severe, unremitting pain that is out of proportion to the injury. One theory for CRPS 

suggests an abnormal prolonged sympathetic reaction to the injury that produces pain, 

vasospasm, hyperhidrosis and erythema. Early treatment may include interruption of the 

abnormal sympathetic reflex with the use of TENS or sympathetic blocks, pharmacologic 

agents and physical therapy (Knetsche et al., 2001). Bursitis or tendonitis may cause 

aggravating residual limb pain, characterized by localized tenderness, edema, and 

erythema of the overlying skin, along with increased skin temperature. If tendonitis is 

present, passive stretching and isometric resistive testing of the involved tendon causes 

significant pain. Intervention may include cessation of provocative activities and 

temporary discontinuation of prosthesis use, along with oral non-steroidal anti-

inflammatory medications, compression dressings, rigid immobilization for brief periods, 

thermal modalities, corticosteroid injections and/or modification of the prosthetic socket 

(Knetsche et al., 2001). 
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2.14. Prosthesis Compliance 

Studies have shown that while up to 85% of vascular amputees are fitted with a 

prosthesis after major LLA, only 5% of these persons use their prosthesis for more than 

half of their waking hours (Geertzen et al., 2001). The same study has shown that within 

5 years the use of the prosthesis drops from 85% to 31%; two years after major LLA only 

26% are walking outdoors (Geertzen et al., 2001). The proportion of total wheelchair 

users rises from 13% in the first year after surgery to 39% after 5 years (Geertzen et al., 

2001).  

2.15. Post-Amputation Mortality 

The life expectancy of dysvascular amputees is short compared to traumatic 

amputees. A recent study has shown that survival rates for individuals with dysvascular 

etiology undergoing major LLA (AKA and TTA) have been 69.7% and 34.7% at 1 and 5 

years respectively. The same study has shown that mortality was significantly higher for 

patients who underwent AKA (50.6% and 22.5% at 1 and 5 years, respectively) as 

compared to TTA (74.5% and 37.8% at 1 and 5 years, respectively) (Aulivola et al., 

2004). 

2.16. Conclusion from the Literature Review 

Despite the expected growth of the LLA patient population, their complex 

functional needs have been greatly understudied and studies of rehabilitation 

interventions after amputation are urgently needed (Cumming, Barr, & Howe, 2015). The 

studies addressing experimental or quasi-experimental trials that addressed the effects of 

rehabilitation services on outcomes of either dysvascular or traumatic amputation are rare 
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in the Cochrane and Medline databases. Studies have shown significantly higher 

likelihoods of community integration that involves resumption of family and community 

roles, developing healthy coping strategies, and resumption of previous and adapted 

recreational activities among patients who received rehabilitation (Murray P. K, Singer, 

Dawson, Thomas, & Cebul, 2003). Investigators have found that longer periods of AIR 

were associated with improved physical functioning among a cohort of 146 patients after 

traumatic amputation at a single trauma center, which did not include dysvascular 

amputees (Pezzin, Dillingham, & MacKenzie, 2000). Several studies addressing 

rehabilitation outcomes after amputation have largely been descriptive in nature 

(Dillingham T. R et al., 2003, Dillingham T. R et al., 1998). 

Even though prospective RCTs can assign a causal treatment effect to outcome 

differences, issues of clinical equilibrium by randomization and tester blinding would 

make trials that are designed to test rehabilitation efficacy more difficult to complete. 

Moreover, it is difficult to meet the therapeutic obligation of being reasonably certain that 

the net therapeutic advantage of a set of rehabilitation interventions is the same for both 

the treatment and control groups (London, 2001). Although the current literature does not 

confirm or refute the benefit of rehabilitation, there are several observational studies 

addressing effectiveness of acute postoperative inpatient rehabilitation (Stineman et al., 

2008). More research is needed, so the current uncontrolled retrospective studies were 

conducted to investigate the FIM scores of patients with LLA and PLP diagnoses before 

and after AIR stay in an FSRH. 
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CHAPTER III 

METHODS 

Many studies have documented motor and cognitive changes in individuals with 

unilateral Lower Limb Amputation (LLA). These functional and psychological changes 

can affect quality of life (QOL). The role that motor and cognitive changes may play in 

altering unilateral LLA patients’ functional outcomes based on a Functional 

Independence Measure (FIM) score is poorly defined. Rarely, have studies investigated 

functional outcome improvements using FIM scores after a unilateral LLA during acute 

in-patient rehabilitation (AIR) in a free standing rehabilitation hospital (FSRH). The 

purpose of the study was to determine the differences in a unilateral LLA patient’s total 

FIM (TFIM), motor FIM (MFIM) and cognitive FIM (CFIM) scores based on etiology, 

rehabilitation phase and phantom limb pain (PLP) when these scores were produced 

during completion of an acute in-patient rehabilitation (AIR) in a Free-Standing 

Rehabilitation Hospital (FSRH). An additional purpose was to document whether 

incorporating AIR changes function from pre-rehabilitation to post-rehabilitation. 

3.1. Operational Definitions 

1) CCI (Charlson Comorbidity Index): Charlson Comorbidity Index (CCI) 

has been the most extensively studied instrument to assess disease burden, length of stay 

(LOS), disability, readmission and predict mortality 

2) FSRH (free-standing rehabilitation hospital): A hospital with a main focus 

of rehabilitation, which may involve acute or sub-acute in-patient rehabilitation services, 

but that is not attached to an acute care healthcare hospital. 
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3) FIM (Functional Independence Measures): This is a valid and reliable 

ordinal scale used by rehabilitation facilities to assess functional capacities of admitted 

patients. The therapist who performs this test should be certified. The FIM tool is used by 

Medicare and other insurance companies to assess a patient’s rehabilitation recovery. 

Total admission FIM score would be calculated within 2-3 days of admission to the 

FSRH after which a structured rehabilitation program would be implemented with 

specific goals to attain. 

4) FIM gain: discharge TFIM score minus admission TFIM score 

5) FIM efficiency: FIM gain divided by LOS  

6) Etiology group: Etiologies were grouped for unilateral LLAs into the 

categories: traumatic (accidental amputation), osteomyelitic (lower limb bone infection) 

and dysvascular (various vascular blockages leading to amputation). 

7) Prosthetic Phases: In the participating FSRH acute in-patient rehabilitation 

was usually performed in 2 phases, pre-prosthetic (phase 1) and prosthetic phase (phase 

2). Each phases mutually exclusive from one another.  

8) LOS (Length of Stay): The time duration in days, between discharge date 

and admission date to acute inpatient rehabilitation. 

3.2. Assumptions 

1) The FIM measuring tool is reliable. Scores in the study were obtained 

from physical, occupational and speech therapy services. The FIM scorers were certified 

based on a national protocol before they conducted the scoring. The person who assessed 

FIM scores at the FSRH was certified and the certification was kept up-to-date. If the 
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assessor lapsed in the certification, the individual was not permitted to perform the FIM 

scoring.  

2) The FIM data-capturing therapists in the study were reliable and valid.  

3) It is likely that the veteran LLA percentage would be different than the 

participating FSRH. The VHA reports higher rates of military related traumatic LLA 

patients than the general population. The differences in the dependent variables between 

groups were solely a result of group membership. 

4) The patients fully understood the directions for the FIM test and 

performed the test with maximum effort. 

3.3. Research Design 

This dissertation consisted of three retrospective studies and the data were 

retrieved from a hospital medical records database. All three studies examined the TFIM, 

MFIM and CFIM scores, which were recorded during admission and discharge. The FIM 

score was chosen because it is a simple clinical test purported to measure functional 

status attributed to program outcomes. Additionally, the admission and discharge FIM 

scores were used in the study to assess patients’ pre-rehabilitation and post-rehabilitation 

functional score results. As a result, TFIM, MFIM and CFIM scores observed during 

admission and discharge may provide information regarding differences in LLA 

population functional changes due AIR.  

Study-1 aimed to answer three questions in unilateral AKA. First, a one factor 

between-groups design examined differences in FIM scores among patients within three 

etiological groups during admission and discharge: (a) dysvascular, (b) traumatic, and (c) 
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osteomyelitic. Second, a one factor between-groups design examined differences in FIM 

scores among two rehabilitation phases: (a) pre-prosthetic, (b) prosthetic. The dependent 

variables for these two questions were: (a) TFIM score, (b) MFIM score, and (c) CFIM 

score. Third, an exploratory analysis using correlation determined whether there was a 

relationship between age, time since admission, LOS, FIM gain, FIM efficiency and/or 

and CCI.   

Study-2 aimed to answer four questions in unilateral TTA patients. First, a one 

factor between-groups design examined differences in FIM scores among patients within 

three etiological groups during admission and discharge: (a) dysvascular, (b) traumatic, 

and (c) osteomyelitic.  Second, a one factor between-groups design examined differences 

in FIM scores among two rehabilitation phases: (a) pre-prosthetic, (b) prosthetic. Third, a 

one factor within subject group design examined differences in FIM scores among two 

rehabilitation statuses: (a) at the time of admission, (b) at the time of discharge. The 

dependent variables for these three questions were: (a) TFIM score, (b) MFIM score, and 

(c) CFIM score. Fourth, an exploratory analysis using correlation determined whether 

there was a relationship between age, time since admission, LOS, FIM gain, FIM 

efficiency and/or and CCI.  

Study-3 aimed to answer two questions in unilateral LLA patients. First, a one 

factor between-groups design (Yes-PLP versus No-PLP) was used to examine the effect 

of phantom limb pain status on TFIM score, MFIM score, and CFIM score variables 

during admission and discharge. Finally, an exploratory analysis using correlation 

determined whether there was a relationship between age, time since admission, LOS, 
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FIM gain, FIM efficiency and/or and CCI. 

3.4. Subjects- Inclusion and Exclusion Criteria 

Because no study has examined FIM scores in an FSRH hospital AIR setting, 

previous studies that established effect sizes for MFIM scores in subjects managed at 

SRU (Stineman et al., 2010a, Kurichi et al., 2009) were used to estimate the expected the 

effect sizes for present Studies 1 and 2. Moderate effect sizes were found in the previous 

studies. For Study-3, because no previous study has examined FIM score-related changes 

in PLP patients in an FSRH hospital AIR setting so a larger effect size was used to 

calculate the required sample size. With a desired power of 80% (1 - β = 0.80) and 

desired α = 0.05, the effect size index was estimated to require a minimum sample size of 

14 subjects per group (Portney & Watkins, 2000). 

Inclusion Criteria: Subjects included males and females between the ages of 18 

and 100 years old. All patients admitted to the FSRH with an admission diagnoses of 

amputation rehabilitation were retrieved. Hospital records of all the patients with 

unilateral LLA admitted to the FSRH during a 35-month period, between June 2012 and 

May 2015, were included (Appendix D). Once the patients were admitted to the FSRH, 

they would have received a standard inpatient rehabilitation program, defined as a total of 

3 hours per day of comprehensive physical, occupational, and speech therapy as 

indicated. Physiatrists would have provided routine inpatient rehabilitation management 

and the patients would have received follow-up by the acute care amputation team on a 

consulting basis while the patients were in the FSRH.  

Exclusion criteria: Patients were excluded if they were discharged to an acute 
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care hospital or did not return to the FSRH within 3 days of being sent out for selected 

complications such as stroke, sepsis, etc. Patients were also excluded if they were 

pregnant or if they had bilateral LLA. 

3.5. Preparatory Procedures for the Three Studies 

A waiver of informed consent was requested because this research involved no 

more than minimal risks to subjects relative to the risks ordinarily encountered in daily 

life. No identifiable PHI were collected from the proposed chart reviews. Additionally, 

only data that had been already collected for non-research purposes (i.e. medical records 

collected during standard of care by providers) were reviewed. All data were de-

identified and coded. Therefore, the potential physical, emotional, social, economic and 

legal risks that the subject might have faced due to participation in the study was 

negligible. Chart reviews were performed on 247 charts of unilateral AKA and TTA 

patients.  

3.6. Data Collection Procedures 

The FIM instrument is an assessment tool that measures progress in activities of 

daily living, mobility, and communication. The FIM assesses a patient's ability in 5 

primary areas and 18 individual task areas, including self-care, bladder and bowel 

management, transfers, locomotion, and cognition. The FIM scores were collected at the 

following intervals: 

1. Pre-prosthetic phase admission (at the time following Admission to AIR) 

2. Pre-prosthetic phase discharge (at the time of Discharge from AIR) 

3. Prosthetic phase admission (at the time following Admission to AIR) 
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4. Prosthetic phase discharge (at the time of Discharge from AIR) 

Data obtained from the FSRH records were analyzed. Medical comorbidities were 

determined from the previously recorded history and physical examination performed at 

admission to the AIR. Complications that occurred during inpatient rehabilitation were 

identified in the progress notes and discharge summaries. The admission and discharge 

FIM scores were obtained from the physical therapy, occupational therapy, and speech 

therapy documentation records.  

3.7. Data Reduction and Statistical Analysis 

The following data were extracted from the medical records for inclusion in the 

study: age, sex, co-morbidities, surgery date, admission and discharge dates to FSRH, 

PLP (yes/no) data, discharge destination, TFIM, MFIM, CFIM and sub-components of 

FIM, FIM gain (discharge FIM, admission FIM) and FIM efficiency (FIM gain/FSRH 

LOS) for each patient. The FIM scores were ordinal data. The various components and 

subcomponents and how they were measured can be seen in Appendix B. The national 

FIM score data were available for the participating FSRH administrative department, a 

were organized for non-paramentric analyses. Additionally, selected nominal variables 

such as sex, and dichotomous variables (Yes-PLP and No-PLP; rehabilitation status at 

admission and discharge) were reported. In all three studies statistical analyses were 

performed using SPSS Statistics, Version 22.0 (IBM, Inc, Chicago, IL). 

3.8. Dependent and Independent Variables for Study-1 

Dependent Variables (DVs) for Study-1: 

DV1-Admission TFIM score 
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DV2-Discharge TFIM score 

DV3- Admission MFIM score 

DV4- Discharge MFIM score 

DV5- Admission CFIM score 

DV6- Discharge CFIM score 

DV7- FIM efficiency 

Independent Variables (IVs) for Study 1: The following were Independent 

variables: 

IV1 Group (2) levels 

Level 1 = Preprosthetic 

Level 2 = Prosthetic 

IV2 Time (2) levels 

Level 1 = Admission 

Level 2 = Discharge 

IV3 Etiology (3) levels  

Level 1 = Traumatic  

Level 2 = Vascular 

Level 3 = Osteomyelitic 

3.9. Statistical Analysis for Study-1 

Descriptive data for all AKA patients included demographic characteristics, as 

well as descriptive numerical values for median and range of the various DVs. The LOS, 

time since surgery, age, Charlson comorbidity index (CCI) and discharge disposition (to-
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home versus not-to-home) simple mean, and standard deviation (SD) were included. The 

inferential statistical analysis compared the functional status scores across etiology and 

phase categories for the dependent variables (TFIM score, MFIM and CFIM subscores 

for admission and discharge; FIM efficiency). The FIM gain was obtained by subtracting 

admission median TFIM score from median total discharge score. Data were tested for 

normality (Shapiro-Wilk Test) and homogeneity of variance (Levene’s Test) to determine 

which inferential statistics to use.    

Each FIM score was an ordinal variable, so nonparametric independent sample 

Kruskal-Wallis tests were used to test for significant differences for each of the FIM 

scores across etiology groups. In SPSS Kruskal-Wallis Pair-wise post hoc Dunn test 

comparisons were used to locate significant differences in the event of significant main 

effects. Nonparametric Mann–Whitney U tests were used to test for significant 

differences for each of the FIM scores across phase category. Alpha levels were set a 

priori at 0.05 for all analyses. No attempt to correct the alpha level for multiple 

comparisons was made in this exploratory analysis (Perneger, 1998) (Rogan et al., 1979).  

Pearson correlation was used to determine the relationship between age, time since 

admission, LOS, FIM gain, FIM efficiency and CCI.  

3.10. Dependent and Independent Variables for Study-2 

Dependent Variables (DVs) for Study 2: 

DV1-Admission TFIM score 

DV2-Discharge TFIM score 

DV3- Admission MFIM score 
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DV4- Discharge MFIM score 

DV5- Admission CFIM score 

DV6- Discharge CFIM score 

DV7- FIM efficiency 

Independent Variables (IVs) for Study 2: The following were Independent 

variables: 

IV1 Group (2) levels 

Level 1 = Preprosthetic 

Level 2 = Prosthetic 

IV2 Time – (2) levels 

Level 1 = Admission 

Level 2 = Discharge 

IV3 Etiology (3) levels  

Level 1 = Traumatic  

Level 2 = Vascular 

Level 3 = Osteomyelitic 

3.11. Statistical Analysis for Study-2 

Descriptive statistics were used to summarize all TTA patients’ demographic 

characteristics, as well as descriptive numerical data that included median and range of 

the various DVs. The LOS, time since surgery, age, CCI and discharge disposition (to-

home versus not-to-home) simple mean, and standard deviation (SD) were included. The 

inferential statistical analysis compared the functional status across etiology and phase 
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categories for all of the dependent variables (TFIM score, MFIM and CFIM subscores for 

admission and discharge; FIM efficiency). The FIM gain was obtained by subtracting the 

admission median TFIM score from the median total discharge score. Tests for normality 

(Shapiro-Wilk Test) and homogeneity of variance (Levene’s Test) were performed to 

determine the type of inferential statistics to use (Portney & Watkins, 2009).   

Each FIM score was an ordinal variable, so nonparametric Kruskal-Wallis tests 

were used to test for etiology group differences for the FIM variables. In SPSS Kruskal-

Wallis Pair-wise post hoc Dunn test comparisons were used to locate significant 

differences in the event of significant main effects. Nonparametric Mann–Whitney U 

tests were used to test for significant differences in the different FIM scores across 

rehabilitation phase category. Two tailed Wilcoxon Signed-Rank Tests were used for 

TFIM, MFIM and CFIM scores to compare differences from rehabilitation status from 

admission to discharge for all TTA patients. Alpha levels were set a priori at 0.05 for all 

analyses. No attempt to correct the alpha level for multiple comparisons was made in this 

exploratory analysis (Perneger, 1998) (Rogan et al., 1979). Pearson correlation was used 

to determine the relationship between age, time since admission, LOS, FIM gain, FIM 

efficiency and CCI.  

3.12. Dependent and Independent Variables for Study-3 

Dependent Variables (DVs) for study-3: 

DV1-Admission TFIM score 

DV2-Discharge TFIM score 

DV3- Admission MFIM score 
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DV4- Discharge MFIM score 

DV5- Admission CFIM score 

DV6- Discharge CFIM score 

DV7- FIM efficiency 

Independent Variables (IVs) for Study 3: The following Independent variables: 

IV1 Phantom Limb Pain (PLP) (2) Levels 

Level 1 = Has PLP 

Level 2 = Non-PLP 

3.13. Statistical Analysis for Study-3 

Descriptive statistics were used to summarize all unilateral LLA patients’ 

demographic characteristics, as well as descriptive numerical data that included median 

and range of the various DVs. The LOS, time since surgery, age, CCI and discharge 

disposition (to-home versus not-to-home). Data were tested for normality (Shapiro-Wilk 

Test) and homogeneity of variance (Levene’s Test) to determine which type of inferential 

statistics to use (Portney & Watkins, 2000).  

Each FIM score was an ordinal variable and so nonparametric Mann–Whitney U 

tests were used to test for PLP group differences for the FIM variables TFIM, MFIM and 

CFIM scores at admission and discharge. Pearson correlation was used to determine the 

relationship between age, time since admission, LOS, FIM gain, FIM efficiency and CCI. 

Alpha levels were set a priori at .05 for all analyses. No attempt to correct the alpha level 

for multiple comparisons was made in this exploratory analysis (Perneger, 1998, Rogan 

et al., 1979).    
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CHAPTER IV 

THE INFLUENCE OF ACUTE INPATIENT REHABILITATION FOR 

ABOVE KNEE AMPUTATION PATIENTS IN A FREE STANDING 

REHABILITATION HOSPITAL 

4.1. ABSTRACT 

 Objective: The purpose of this study was to determine the effect differences of 

etiologies and rehabilitation phase on a unilateral above knee amputations (AKA) 

patient’s total Functional Independent Measure (TFIM), motor FIM (MFIM) and 

cognitive FIM (CFIM) scores when produced during the completion of an acute in-

patient rehabilitation (AIR) in a Free Standing Rehabilitation Hospital (FSRH). An 

additional purpose was to document whether incorporating AIR changed patients’ 

functional level from pre-rehabilitation to post-rehabilitation. 

Design: A retrospective cohort one factor between-groups study design was used 

to analyze the variables.    

Setting: Free-standing rehabilitation hospital 

Participants: 121 patients (91 dysvascular, 13 traumatic and 17 osteomyelitic) 

patients with a primary diagnosis of AKA over a 35-month period between June 2012 and 

May 2015. 

Interventions: Selected patients’ hospital records were reviewed and analyzed 

irrespective of initial admission diagnoses. 

Main Outcome Measure: The outcome variables were admission and discharge 
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TFIM score, MFIM and CFIM subscores and FIM efficiency. Additionally, Length of 

Stay (LOS), time since surgery, age, Charlson comorbidity index and discharge 

disposition were also evaluated. 

Results: The patients’ mean age was 64.4 ± 12.8 years. Moreover, among 121 

AKA patients, 72 were admitted for the pre-prosthetic phase and 49 for the prosthetic 

phase. The Kruskal-Wallis tests showed statistically significant differences in the total, 

motor and cognitive admission and discharge FIM between dysvascular and traumatic 

etiologies and between pre-prosthetic and prosthetic phases. Admission and discharge 

dysvascular TFIM, MFIM, CFIM scores were lower than traumatic. Furthermore, 

admission and discharge pre-prosthetic phase TFIM, MFIM, CFIM scores were lower 

than in the prosthetic phase. There was a moderate negative correlation between the age 

and amputation etiology. Ninety-five percent of patients were discharged to-home.  

Conclusion: The unilateral AKA patients in this retrospective study who were 

categorized based on etiology and phase were functionally different with lower FIM 

scores during admission when compared to discharge from AIR. The FSRH should 

consider implementing AIR programs during pre-prosthetic and prosthetic phases for this 

growing AKA patient population. The majority of the subjects were successfully 

discharged to-home. 

Key words: Above knee amputation, acute inpatient rehabilitation, functional 

independent measurement, dysvascular, traumatic, prosthesis  

4.2. INTRODUCTION 

 An Above-knee amputation (AKA) can result from pathologies related to 
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dysvascular conditions, such as diabetes mellitus (DM) or peripheral vascular disease 

(PVD), or nonvascular conditions, such as  trauma or cancer (Mundell, Kremers, 

Visscher, Hoppe, & Kaufman, 2016). Most traumatic lower limb amputees are found in 

relatively young patients who demonstrate less co-morbidity burden and can ambulate 

using a prosthetic limb (Dillingham T. R, Pezzin, & MacKenzie, 2002). The AKA 

dysvascular group, which comprises the most common etiology, is usually characterized 

by multiple medical comorbidities, high disability rates, cognitive impairment and 

significant deconditioning due to a low physical activity levels prior to amputation or 

prolonged hospitalization, and are known to exhibit cognitive impairment (Kent & Fyfe, 

1999). Selected studies involving dysvascular AKA patients have demonstrated that 1-

year post-discharge prognosis is poor, with approximately 25% of patients requiring 

subsequent amputation within a year and approximately 33% die within a year of their 

initial amputation (Davies & Datta, 2003, Dillingham T. R & Pezzin, 2005, Mac Neill et 

al., 2008). Other investigators reported a slightly better prognosis (1-year mortality rate 

of 15%), but the challenges are still apparent (Schoppen et al., 2003).  

The PVD and DM diagnoses affect many physiological systems and can lead to 

health problems or comorbidities (Government of Canada, 2009). Individuals with 

diabetes are known to be 19 times more at risk to undergo lower limb amputations 

(LLAs) than the general population (Government of Canada, 2009). Diabetes and PVD 

are responsible for 80% of amputations in Canada and 54% of amputations in the United 

States (US) (Ziegler-Graham et al., 2008). Blood vessels in the limbs and brain sustain 

structural damage and functional changes that can be attributed to diabetes and PVD 
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(Paneni, Beckman, Creager, & Cosentino, 2013). Resulting damage to blood vessels in 

the limbs can be responsible for tissue compromise that the LLA experiences (Paneni et 

al., 2013). In the US, dysvascular conditions causes account for 82% of all LLAs in 

contrast to trauma (16.4%), cancer and malignancies (0.9%), and congenital deficiencies 

(0.8%) as other reasons necessitating LLA (Dillingham T. R, Pezzin, & Mackenzie, 

2002). 

Foot ulceration and subsequent infection are a major complication of diabetes 

mellitus. Without proper diagnosis and treatment, these infections or osteomyelitis often 

lead to an LLA. Offloading the foot or leg can be used as a preventative measure against 

diabetic foot ulcers. Once contracted, mild to moderate diabetic foot infections often 

respond favorably to local wound care and antibiotic therapy. Additionally, offloading the 

foot or leg can be used as a preventative measure against diabetic foot ulcers. When 

conservative measures fail or when faced with limb or life-threatening infection, surgical 

interventions that include incision and drainage or amputation are warranted (Frykberg, 

Wittmayer, & Zgonis, 2007).  

 Damage to the small brain vasculature is associated with an accelerated decline in 

cognitive functioning (Verdelho et al., 2007). Investigators reported that diabetic 

individuals are at risk of developing diabetes-related cognitive dysfunction (Brands, 

Biessels, De Haan, Kappelle, & Kessels, 2005). When mild or moderate cognitive deficits 

are detected in patients, these impairments may affect performance in day-to-day tasks 

(McCrimmon, Ryan, & Frier, 2012). These vascular-induced cognitive declines may 

accompany the associated damage in lower limb large vessels that necessitate 
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amputation, where some individuals suffer from double burden of LLA and cognitive 

dysfunction (Cade, 2008). 

The combination of LLA and cognitive dysfunction creates distinct rehabilitation 

challenges that differ from those in individuals who experience amputations related to 

cancer, trauma or other etiologies. The AKA resulting from a dysvascular etiology most 

likely occurs in individuals who are older, have diminished health status, and/or 

experience a disease burden from multiple comorbidities (Sansam et al., 2009). The 

accompanying cognitive impairment from a dysvascular etiology affects problem solving, 

reasoning, and concentration (Coffey, O’Keeffe, Gallagher, Desmond, & Lombard-

Vance, 2012). Investigators concluded that cognitive impairment has implications for 

functional ability, prosthesis use mastery, and rehabilitation after AKA, yet direct 

evidence on these outcomes is limited (Sansam et al., 2009, Coffey et al., 2012). 

Most AKA comorbidities are being associated with decreased health outcomes, 

affecting both therapy choices and prognosis. Feinstein (1970) has defined (omit comma) 

comorbidity as “any distinct additional entity that has existed or may occur during the 

clinical course of a patient who has the index disease under study” (Feinstein, 1970). The 

Charlson Comorbidity Index (CCI) has been the most extensively studied instrument to 

assess disease burden and predict mortality (Charlson M. E, Pompei, Ales, & MacKenzie, 

1987, de Groot, Beckerman, Lankhorst, & Bouter, 2003). Predictive validity of the CCI 

has been confirmed by finding many significant relationships between CCI and various 

criterion outcomes, such as mortality, disability, readmissions, and length of hospital stay 

(Charlson M. E et al., 1987, Rochon et al., 1996, Kieszak, Flanders, Kosinski, Shipp, & 
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Karp, 1999, de Groot et al., 2003). Diabetes and PVD have been considered as the most 

commonly associated co-morbidities with AKAs in North America (Ziegler-Graham et 

al., 2008). 

The foci of post-amputation rehabilitation are patient comfort, optimizing the 

missing limb appearance and functional recovery. Often LLA patients are admitted to 

AIR for pre-prosthetic phase therapy after discharge from acute-care hospital amputation 

surgery. The main focus of pre-prosthetic rehabilitation is to work on sitting balance, bed 

mobility, transfers, cardiovascular training, edema reduction, contracture prevention, 

post-operative wound care, safety awareness and assistive device use (Esquenazi A, 

2004). Prosthetic phase goals include first prosthesis fitting with increasing wearing time 

and functional use (Seymour, 2002). Ideally the prosthesis should restore function with a 

minimal amount of energy expenditure (Cutson & Bongiorni, 1996). Emerging evidence 

suggests that impaired residual limb tissue viability, the level of residual limb care and 

residual limb pain severity were identified as significant factors impacting LLA patients’ 

quality of life, rehabilitation and the ability to become independently mobile (Butler et 

al., 2014). Following an AKA, an individual’s suitability for a prosthesis is typically 

determined by therapists in the acute care hospital or in an acute in-patient rehabilitation 

(AIR) using post-amputation assessments based on the individual’s mobility and balance 

without a prosthesis (Gailey R. S et al., 2002). A multidisciplinary team approach is 

essential to maximizing functional outcomes and decreasing patient morbidity. 

Historically, there has been great concern regarding the benefits of prolonged, distressful 

and expensive rehabilitation processes, since the lifespan of a post-acute dysvascular 



                                     Texas Tech University Health Sciences Center, Vittal R. Nagar, May 2018 

 
56 

lower limb amputee is generally shorter than their age-matched general population 

(Dillingham T. R & Pezzin, 2005). In response, AIR programs aim to efficiently improve 

the AKA patient’s endurance, muscle strength and ambulation capacity with the goal of 

restoring mobility when the patient is fitted with a prosthesis (Davies & Datta, 2003, 

Singh, Hunter, Philip, & Tyson, 2008). 

Patients with multiple chronic diseases have increasingly become a critical focus 

of national efforts to reduce health care utilization costs and improve treatment outcomes 

(Vogeli et al., 2007, Parekh, Goodman, Gordon, Koh, & Conditions, 2011). Rarely 

studies have focused on the impact of etiological factors or rehabilitation timing (pre-

prosthetic or prosthetic phases) on changes in different functional independence measure 

(FIM) scores for amputation patients in a free standing inpatient rehabilitation hospital 

(FSRH). Therefore, the purpose of this study was to determine the differences in a 

unilateral above knee amputation (AKA) patient’s total FIM (TFIM), motor FIM (MFIM) 

and cognitive FIM (CFIM) scores based on etiology (dysvascular, traumatic or 

osteomyelitic) and rehabilitation phase (pre-prosthetic versus prosthetic) when these 

scores were produced during completion of an AIR in a FSRH. As such, it was 

hypothesized that dysvascular AK amputees and the pre-prosthetic phase would be 

associated with poorer functional gains when compared with traumatic AK amputees and 

the prosthetic phase because of previous evidence and post-acute nature of amputation 

surgery.  
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4.3. METHODS 

4.3.1. Study Design 

A retrospective cohort study design was used to perform a review of subjects’ 

medical records. Three questions were investigated in unilateral AKA patients. First, a 

one factor between-groups design examined differences in FIM scores among patients 

from three etiological groups during admission and discharge: (a) dysvascular, (b) 

traumatic, and (c) osteomyelitic. Second, a one factor between-groups design examined 

differences in FIM scores among two rehabilitation phases: (a) pre-prosthetic, (b) 

prosthetic. The dependent variables for these two questions were: (a) TFIM score, (b) 

MFIM score, and (c) CFIM score. Third, an exploratory analysis using correlation 

examined whether there was a relationship between age, time since admission, LOS, FIM 

gain, FIM efficiency and/or and CCI.  

4.3.2. Setting 

The study was conducted in a FSRH in Lexington, KY, which follows the 

Uniform Data System for Medical Rehabilitation protocol in administering the FIM 

instrument. Since 1987, the Uniform Data System for Medical Rehabilitation, a not-for-

profit organization affiliated with University at Buffalo Foundation Activities, Inc., at the 

State University of New York at Buffalo, has maintained the largest non-governmental 

national registry of standardized information on medical rehabilitation inpatients in the 

world (Graham et al., 2014). 

4.3.3. Participants 

Admission and discharge data were reviewed for 121 patients admitted to the 
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FSRH between June 2012 and May 2015 (35-months period) with a primary diagnosis of 

AKA, International Classification of Diseases, Ninth Revision codes V49.70, V49.76 and 

V49.75 who received AIR were reviewed. We refined the sample by including data only 

from patients with unilateral AKA. Data were excluded if the patients were younger than 

18 years or pregnant, as well as treated with bilateral AKA, transtibial amputation (TTA) 

or combined AKA and TTA. Patients in the AKA sample were further categorized into 

dysvascular (91 patients), traumatic (13 patients) and osteomyelitic etiology (17 patients) 

groups. Additionally, the patients were stratified into 2 groups based on rehabilitation 

phases: pre-prosthetic (72 patients) and prosthetic (49 patients). An AIR program for 

patients with AKAs requires multidisciplinary collaboration among the medical team 

(surgeon, physiatrist, nurse practitioner, and/or physician assistant), rehabilitation staff 

(physiatrist, nurse, therapists, nutritionist, and social worker), and family members. It is 

common for rehabilitation staff members to undergo training in prosthetic and orthotic 

management, because several of the newer generation prosthetics require patients to be 

adequately gait re-trained (Hawkins, Henry, Crandell, & Nguyen, 2014). As a result, staff 

members are trained to use these devices while monitoring for vital signs, as most of 

these patients usually have dysvascular or diabetes problems. Therapists are further 

trained to provide patient education on device management during therapy sessions 

(Bates et al., 2007). While patients were in the present study’s AIR, specialist coverage 

by the surgical team was available on a consulting basis for routine management, as well 

as on a 24-hour basis for emergencies and for follow-ups. The university’s institutional 

review board approved the study. No identifiable protected health information was 
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collected. 

4.3.4. Variables 

This study involved three independent variables. The first independent variable 

was Group with two levels: pre-prostheticand prosthetic phase. The second independent 

variable was time with two levels: admission and discharge. The third independent 

variable was etiology with three levels: traumatic, dysvascular and osteomyelitic. The 

dependent variables were admission and discharge TFIM score, MFIM and CFIM 

subscores and FIM efficiency. Additionally, Length of Stay (LOS), time since surgery, 

age, CCI scores and discharge disposition (to-home versus not-to-home) differences 

between groups were calculated. 

4.3.5. Measurements 

The FIM instrument was used to measure each patient's functional status 

throughout his or her AIR experience (Granger CV et al., 1998). The FIM is an ordinal 

scale that measures the patient's functional status and indicates how much assistance is 

required for a patient to conduct activities of daily living (ADL). The FIM instrument is 

comprised of 18 items that include 13 motor tasks (eating, grooming, bathing, upper body 

dressing, lower body dressing, toileting, bladder management, bowel management, bed-

to-chair transfer, toilet transfer, shower transfer, locomotion-ambulation or wheelchair 

use, and stairs) and 5 cognitive tasks (cognitive comprehension, expression, social 

interaction, problem solving, and memory). All of the tasks are graded on a 7-point 

ordinal scale that begins with total assistance (or complete dependence, in which patients 

perform <25% of the task) and finishes with complete independence. The final TFIM 
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scores range from 18 (lowest) to 126 (highest), which indicates the level of assistance 

required. The motor score ranges from 13 to 91 and a CFIM score ranges from 5 to 35. 

The validity and reliability of the FIM instrument for stroke patients is well established 

(Dickson & Köhler, 1995a, Ottenbacher et al., 1996, Dodds et al., 1993). The LOS was 

measured as the number of days the patients spent in the hospital from the day of 

admission to the day of discharge. The FIM efficiency was defined as the change in 

functional status from admission to discharge and was divided by the LOS (median) as 

defined by Ottenbacher et al. (Ottenbacher et al., 2004). The FIM efficiency was used to 

measure the patient's rehabilitation progress. Multiple chronic diseases were 

operationally defined using the CCI, which has been cited in more than 9,500 

publications as the most extensively validated measure for the prognostic impact of 

multiple chronic illnesses (Charlson M, Wells, Ullman, King, & Shmukler, 2014). 

The AKA patients were either admitted within a few days after discharge from 

acute care amputation for pre-prosthetic rehabilitation (72 patients) or several weeks after 

discharge from acute care amputation surgery for prosthetic rehabilitation (49 patients). 

Pre-prosthetic rehabilitation usually emphasizes residual limb management after surgical 

reconstruction to optimize the future prosthesis fit. Thus, during this phase rehabilitation 

focused on muscle balance, flexibility, muscle strength, cardiovascular training, sitting 

balance, bed mobility, transfers, wheelchair mobility, upper-extremity ergometry, 

positioning for edema reduction, dressing care, pain management and contracture 

prevention (Esquenazi A & DiGiacomo, 2001). Conversely, the prosthetic rehabilitation 

phase was aimed at strategies to increase independence in functional prosthetic limb use 
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(Esquenazi A  & DiGiacomo, 2001). Pain management was an important component of 

both rehabilitation phases. Functional performance was evaluated using TFIM, MFIM, 

and CFIM scores for patients in each phase. 

4.3.6. Statistical Analysis 

Descriptive data for all AKA patients included demographic characteristics, as 

well as descriptive numerical values for median and range for the various DVs. The LOS, 

time since surgery, age, CCI and discharge disposition (to-home versus not-to-home) 

were included. The inferential statistical analysis compared the functional status scores 

across etiology and phase categories, for the dependent variables (TFIM score, MFIM 

and CFIM subscores for admission and discharge; FIM efficiency). The FIM gain was 

obtained by subtracting admission median TFIM score from median total discharge score. 

Data were tested for normality (Shapiro-Wilk Test) and homogeneity of variance 

(Levene’s Test) to determine use of parametric versus non-parametric inferential statistics 

(Portney & Watkins, 2009).   

Each FIM score is an ordinal variable, so nonparametric Kruskal-Wallis tests were 

used to test for significant differences for each of the FIM scores across etiology groups. 

Kruskal-Wallis Pair-wise post hoc Dunn test comparisons were incorporated to locate 

significant differences in the event of a significant main effect. Nonparametric Mann–

Whitney U tests were used to test for significant differences for each of the FIM scores 

across phase category. Alpha levels were set a priori at 0.05 for all analyses. No attempt 

to correct the alpha level for multiple comparisons was made in order to reduce the 

likelihood of a Type II error in this exploratory analysis (Rogan, Keselman, & Mendoza, 
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1979, Perneger, 1998, Rogan et al., 1979). We used Pearson correlation to determine the 

relationship between age, time since admission, LOS, FIM gain, FIM efficiency and CCI. 

All statistical analyses were performed using SPSS Statistics, Version 22.0 (IBM, Inc, 

Chicago, IL). 

4.4. RESULTS 

4.4.1. Demographic and Clinical Characteristics 

Data were included from 121 AKA patient records from the FSRH that hosted the 

AIR between June 2012 and May 2015. The patients’ mean age was 64.4 ± 12.8 years, and 

just over half of the sample were males (58.68%). The simple mean time to admission 

was 61 days from the onset of amputation, and the simple mean LOS was 13.3 days. The 

majority of the patients were significantly affected by a dysvascular etiology (75.2%), 

followed by osteomyelitic (14.0%) and traumatic (10.8%). Additionally, 59.5% patients 

in the sample were admitted for pre-prosthetic rehabilitation, and the remainder were 

admitted for prosthetic rehabilitation. Furthermore, 86.8% presented with a TFIM score 

between 40-79, 8.3% between 0 and 39 and 4.9% with a score greater than 80. Finally, 

42.1% of patients presented with CCI scores between 5 and 7, 29.8% had a score of 4 and 

6.7% exhibited a score greater than 8. In this study, we analyzed descriptive data for all 

included patients, later stratifying them based on etiology and phase (Table 4.1). There 

was a moderate negative correlation between the age and amputation etiology (r = -0.313, 

p < 0.01). 

4.4.2. Results for Etiology Comparison  

The Kruskal-Wallis tests showed statistically significant differences between 
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dysvascular and traumatic etiologies in the total, motor and cognitive admission and 

discharge FIM. There were significant differences in the admission TFIM scores between 

dysvascular (Median and Range, 59 and 29-101, respectively) and traumatic (Median and 

Range, 75 and 54-101 respectively; p < 0.002); discharge TFIM between dysvascular 

(Median and Range, 89 and 56-110) and osteomyelitic (Median and Range, 98 and 69-

111; p< 0.048) and between dysvascular (Median and Range, 89 and 56-110) and 

traumatic (Median and Range, 99 and 71-112; p < 0.031). There were statistically 

significant differences by etiology admission in MFIM scores between dysvascular 

(Median and Range, 38 and 17-66) and traumatic (Median and Range, 47 and 23-66; p 

< 0.003); discharge MFIM scores between dysvascular (Median and Range, 57 and 37-

75) and traumatic (Median and Range, 65 and 37-77; p < 0.032). There were statistically 

significant differences by etiology admission CFIM scores between dysvascular (Median 

and Range, 19 and 9-35) and osteomyelitic (Median and Range, 24 and 13-30; p < 0.049) 

and between dysvascular (Median and Range, 19 and 9-35) and traumatic (Median and 

Range, 26 and 16-35; p < 0.002]; discharge CFIM scores between dysvascular (Median 

and Range, 31 and 13-35) and osteomyelitic (Median and Range, 34 and 23-35; p < 0.001) 

and between dysvascular (Median and Range, 31 and 13-35) and traumatic (Median and 

Range, 34 and 30-35; p < 0.007) (Table 4.4).There were no statistically significant 

difference (p>0.05) between etiologies based on FIM gain and efficiency (Table 4.4). 

4.4.3. Results for Phase Comparison  

The Kruskal-Wallis tests showed statistically significant differences between pre-

prosthetic and prosthetic phases in the total, motor and cognitive admission and discharge 
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FIM. There were significant differences in the admission TFIM scores between pre-

prosthetic (Median and Range, 50 and 29-83 respectively) and prosthetic (Median and 

Range, 69 and 36-101) phases (p < 0.001) and discharge TFIM scores between pre-

prosthetic (Median and Range, 85 and 56-112) and prosthetic (100 and 57-110; p < 0.001) 

phases. There were statistically significant differences in admission MFIM scores 

between pre-prosthetic (Median and Range, 33 and 16-53) and prosthetic (Median and 

Range, 44 and 18-66; p < 0.001) phases, and discharge MFIM scores between pre-

prosthetic (Median and Range, 56 and 38-77) and prosthetic (Median and Range, 67 and 

37-75; p < 0.001) phases. There were statistically significant differences in admission 

CFIM scores between pre-prosthetic (Median and Range, 19 and 9-33) and prosthetic 

(Median and Range, 25 and 13-35); p < 0.001) phases, and discharge CFIM scores 

between pre-prosthetic (Median and Range, 30.5 and 15-35) and prosthetic (Median and 

Range, 34 and 13-35; p < 0.01) phases. The overall simple mean FIM efficiency in this 

study group was 2.85.  There was no statistically significant difference between phases 

based on FIM gain and efficiency (Table 4.6). 

4.4.4. Discharge Destination and Complications 

Out of 121 AKA patients 29.8% had CCI scores of 4 and 48.8% had scores of 5 or 

above. There were 10 patients who were discharged to an acute care hospital due to their 

worsening medical condition such as shortness of breath, chest pain and stroke, and 

wound dehiscence, so the patients were excluded from the analysis. Out of 121 AKA 

patients 6 (4.96%) were discharged to nursing homes. Out of the remaining 115 AKA 

patients 4.5% were discharged to-home only, 74.6% went to-home with home healthcare 
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and 20.9% were discharged to-home accompanied by out-patient therapy. 

4.5. DISCUSSION 

This study tested the hypothesis that FIM scores and FIM sub-components during 

AIR program for unilateral AKA patients who were admitted to FSRH from June 2012 to 

May 2015 would be lower in the dysvascular etiology and in the pre-prosthetic phase, 

when compared with the traumatic etiology and prosthetic phase. Based on the current 

retrospective, cross-sectional and attribute-based inferential analysis admission and 

discharge dysvascular TFIM, MFIM, CFIM scores were lower than traumatic scores. 

Furthermore, admission and discharge of pre-prosthetic phase TFIM, MFIM, CFIM 

scores were lower than for the prosthetic phase, so the hypothesis was supported. Studies 

usually divide comorbidity burden into three groups: mild, with CCI scores from 1 to 2; 

moderate, with CCI scores from 3 to 4; and severe, with CCI scores 5 or higher (Huang et 

al., 2014). The current patient sample exhibited high comorbid condition rates, with 78.6 

% of patients exhibiting CCI scores of 4 or higher. Studies have shown increased health 

care costs, mental/behavioral health problems, mortality risk and frequent hospitalization 

with increases in CCI (Charlson M et al., 2014). Given the presence of serious coexisting 

conditions, it is important to note that several patients could have ambulation problems 

prior to amputation. In the present retrospective study, the patients with unilateral AKA 

demonstrated considerable functional benefits from AIR in a FSRH by safely tolerating at 

least 3 hours of therapy daily for 5 days per week. 

There are several instruments for measuring function that highlight activities of 

daily living during rehabilitation, such as the Barthel Index (Treweek & Condie, 1998) 
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FIM (Selles, Janssens, Jongenengel, & Bussmann, 2005), and International Physical 

Activity Questionnaire and Sickness Impact Profile (Hawkins et al., 2014). The present 

study incorporated standardized FIM scores because all AIR facilities submit functional 

outcome measurement data of amputation patients from the Patient Assessment 

Instrument (PAI) to the Uniform Data System for Medical Rehabilitation (UDSMR). The 

PAI contains demographic, medical, and functional information on each AIR-admitted 

patient. Embedded in the IRF-PAI is the FIM instrument that measures burden of care 

and functional independence in personal care activities (Keith et al., 1987). The data that 

support the benefits of AIR for patients with AKA in a FSRH using FIM score to compare 

multiple etiologies and pre-prosthetic and prosthetic phases are lacking. 

There are few studies that highlight overall difference across selected components 

of FIM, without separate analyses of the etiological groups. Stineman et al found that in 

veterans with a new LLA (DM, PVD, and trauma), those patients who receive specialized 

rehabilitation had greater MFIM gains versus patients who receive consultative services 

(Stineman et al., 2010b). They reported admission MFIM, discharge MFIM and MFIM 

score changes of 51, 73, and 18, respectively, in a specialized rehabilitation group that 

had 189 unilateral TTA, 111 unilateral AKA and 7 with bilateral AKA and TTA patients. 

Another major lower extremity (MLE) amputees study from a Veteran’s service showed 

that recipients of specialized versus generalized rehabilitation services during the acute 

postoperative inpatient period were associated with better FIM outcomes (Kurichi et al., 

2009). In this study the specialized rehabilitation group exhibited 163 unilateral TTA, 99 

unilateral AKA and 6 with bilateral AKA and TTA. Patients who received specialized 
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versus generalized rehabilitation achieved a greater average improvement in physical 

functioning (18.7 versus 9.8 MFIM points).  

The current study differs from the previously previous studies, as data from only 

121 AKA patients were examined and these data were stratified by functional difference 

across different etiologies. Admission MFIM, discharge MFIM and MFIM score changes 

were 39, 61, and 22 respectively. It is interesting to note that patients started with lower 

admission MFIM scores but had higher MFIM improvements by the time of discharge. 

The Kurichi et al. study was performed in a veteran’s affair medical center, whereas the 

current study was conducted in a FSRH, possibly explaining why the current results 

might have been different. In another study, Kurichi et al. investigated associations 

between total inpatient costs and length of stay during surgical hospitalization among 

veterans who underwent lower extremity amputation (Kurichi et al., 2013), where the 

average LOS was 39.2 days (SD = 61.7 days). The majority of patients in the current 

study were successfully discharged to-home after a simple mean AIR LOS of 13.3 days 

(SD = 4.8 days), which shows cost-effectiveness for an FSRH AIR program. 

Rarely have studies considered osteomyelitis as a separate amputation group 

when assessing rehabilitation-related functional benefits. Additionally, the difference 

between etiology groups (Table 4.2) were clinically and statistically significant even at 

admission and discharge. In the current study, multiple chronic diseases were 

operationally defined using the Charlson comorbidity index (CCI) (Charlson M. E et al., 

1987). Even though it was originally developed to predict survival, the index has been 

adapted for predicting costs in relation to many different specific conditions (e.g., DM, 
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cancer) (Charlson M et al., 2014, Charlson M. E et al., 2008). In a study performed by 

Huang YQ et al., a total of 533 patients with type 2 diabetes nephropathy were 

hospitalized from January 2003 through March 2010. In the Huang et al study, out of 533 

subjects 238 subjects (44.7%) with CCI score greater than 1 died. Additionally, among 

these 238 subject’s mortality increased with increase in CCI scores, among these 238 

subjects 21.0% had CCI scores between 1 and 2, 56.7% subjects had CCI scores between 

3 and 4, and 22.3% subjects had CCI scores 5 and greater (Huang et al., 2014). This study 

showed that survival time decreased when the CCI scores and mortality rates went up. In 

the current study out of all AKA patients 14% exhibited a CCI score of 2-3, 29.8% 

exhibited a CCI score of 4 and 48.8% exhibited a CCI score of 5 or greater, which shows 

that many patients presented with a significant co-morbid disease burden accompanied by 

a higher risk for mortality. Studies of LLA patients have reported that the ratio of TTA to 

AKA has increased, however, overall postsurgical mortality (10-30%), long term survival 

(40-50% at 2 years, 30-40% at 5 years), and risk of loss of the contralateral leg (15-20% 

at 2 years) has not changed significantly since the 1960s (Cutson & Bongiorni, 1996). 

The shortened longevity emphasizes the need for timely rehabilitation to enhance the 

quality of life across the remaining years. 

Rarely have studies investigated FIM scores in different rehabilitation phases 

(pre-prosthetic and prosthetic) to assess AIR-related functional benefit. The findings from 

the current study contribute knowledge to the literature that will aid in the interpretation 

of FIM score changes based on phases in an AIR (Table 4.5). Bhangu et al. (2009) used 

the Houghton scale of prosthetic use to show that the overall functional outcome was 
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poor in individuals with a combination of TTA and AKA with dysvascular etiology 

(Bhangu et al., 2009). This population exhibited low levels of ambulation, activity, and 

prosthetic use. Demet et al. (2003) investigated major upper extremity and LLA and 

found that a young age at the time of amputation, traumatic origin, and upper limb 

amputation were independently associated with better Quality of Life (QOL) while 

controlling for sex and age (Demet, Martinet, Guillemin, Paysant, & André, 2003). In the 

current study there was a moderate negative correlation between age and amputation, 

where an increase in age was correlated with a decrease in traumatic amputation 

incidence, which has been shown in previous studies. Older adults are significantly more 

likely to experience dysvascular-related amputations compared to younger patients, who 

experience relatively more trauma-related amputations (Dillingham T. R, Pezzin, & 

MacKenzie, 2002).  

Age alone is not an absolute contraindication to prosthetic limb prescription. 

However, it does influence the potential for gait retraining success. In addition, the other 

factors that influence prosthetic fitting and use include premorbid function, 

comorbidities, amputation level, remaining limb status and patient motivation. Prosthetic 

gait retraining is not possible in every older dysvascular amputee. However, almost all 

amputees might benefit from AIR to increase transfer independence and support 

wheelchair skill acquisition (Fleury AM 2013). Given the numerous benefits of AIR for 

AKA with respect to different etiologies as mentioned above, it is also important to note 

that the pre-prosthetic and prosthetic rehabilitation phases demonstrated significant FIM 

score improvements during admission to discharge.  
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The AIR in a FSRH is not without risk of complication or transfers to acute care. 

Although the current study did not evaluate functional gains in patients who transferred 

to acute care, it must be noted that after excluding these 10 patients the study ended up 

with 121 patients. Potential adverse complications in the AIR may include heart failure, 

arrhythmias, thromboembolism, stroke, bleeding, infection and wound dehiscence 

(Madsen, Hommel, Berthelsen, & Bååth, 2017). From a rehabilitation standpoint, these 

complications could lead to further functional impairment and deconditioning, which 

may limit and/or delay a patient's ability to participate in rehabilitation. Therapy should 

be postponed in certain circumstances, for instance, during episodes of significantly 

symptomatic hypotension or desaturations below 90% (Organ Procurement and 

Transplantation Network, 2017). However, maintaining an appropriate training level 

during AIR and/or during out-patient/home-health therapy within each patient's medical 

limitations is vital in maximizing function effectively and improving safety during care 

(Chu, McCormick, Hwang, Sliwa, & Rydberg, 2014).  

The AIR criteria for patients with unilateral AKA irrespective of phase or etiology 

are similar to medically complex patients who are admitted for generalized debility. 

Patients with AKAs who are appropriate AIR candidates should be hemodynamically and 

neurologically stable, medically complex to warrant inpatient-level medical care, and 

able to tolerate 3 hours of intensive therapy participation across 5 days per week 

(Stineman et al., 2008). These patients must have rehabilitation needs (e.g., mobility, self-

care, speech, endurance training) in at least 2 therapeutic disciplines (physical, 

occupational, or speech therapy) that require intense rehabilitation.  
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Finally, identifying family supports is necessary for both family educations on 

equipment management once the patient is discharged to-home. Patients should have 

clearly defined discharge settings and demonstrate the potential to meet their FIM goals 

upon discharge to-home. The current results strongly suggest that patients should 

consider attending an AIR program for a comprehensive assessment of their medical 

condition and physical limitations, so that an appropriate structured rehabilitation 

program can be designed. 

4.5.1. Limitations 

This study included a relatively small number of subjects admitted from a single 

institution. The patients presented with varying levels of medical complexity, disability, 

and functional and cognitive impairment. As a result, individual therapy regimens may 

have differed, which could have affected overall FIM scores and FIM gains. The clinical 

decision-making process and outcomes could have been different in facilities that provide 

services for veterans and children as the duration of stay, baseline functional capabilities 

and associated co-morbidities would have been different. Follow-up after discharge from 

the AIR was not performed, as that would have provided the information necessary to 

assess if patients who attained functional improvement during AIR maintained the 

functional improvement over a course of time.  

4.6. CONCLUSION 

The unilateral AKA patients in this retrospective study who were categorized 

based on etiology and phases were functionally different with lower FIM scores during 

admission when compared with discharge from AIR. The FSRH, should consider 
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implementing AIR programs during pre-prosthetic and prosthetic phases for this growing 

patient population. The patients were able to safely tolerate AIR and experienced few 

complications. The majority of the subjects were successfully discharged to-home. Future 

research directions may include exploring long-term functional outcomes after AIR, as 

well as investigating outcomes in other amputee populations, such as transtibial 

amputation. 
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TABLE 4.1- Demographic characteristics of all above knee amputation patients 

 

Demographic characteristics (Mean (SD)) 

Group Total AKA Phase 1 Phase 2 Dysvascular Traumatic Osteomyelitis 

N 121 72 49 91 13 17 

Age in years 

(SD) 

64.4(12.9) 64.1(13) 64.8(12.8) 66.70(11.4) 58.8(19) 56.2(10.5) 

Males 58.68% 61.1% 55.1% 56% 92.3% 47% 

Females 41.32% 38.9% 44.9% 44% 7.7% 53% 

Functional characteristics Admission FIM score [Data (%)] 

0–39 8.3% 9.7% 6.1% 11% 0% 0% 

40–79 86.8% 87.5% 87.8% 85.7% 84.6% 94.1% 

≥80 4.9% 2.8% 6.2% 3.3% 15.4% 5.9% 

Health characteristics- Comorbidity Index [Data (%)] 

0–1 7.4% 7% 8.2% 3.3% 38.5% 0% 

2–3 14% 15.3% 14.3% 14.3% 7.7% 23.5% 

4 29.8% 30.6% 30.6% 33% 30.8% 17.6% 

5–7 42.1% 40.3% 46.9% 44% 23% 52.9% 

≥ 8 6.7% 6.8% 0% 5.4% 0% 6% 

Time from 

surgery(days) 

61 (80.8) 

(104/121) 

12 (16) 

(62/72) 

135 (83.7) 

41/49 

65 (83.9) 

(77/91) 

45 (78.4) 

(13/13) 

49 (64.9) 

(14/17) 

 

AKA- Above Knee Amputation; FIM-Functional Independence Measure; N-Number; SD- Standard 

Deviation; Phases: Phase 1- Pre-prosthetic phase and Phase 2- Prosthetic phase 
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TABLE 4.2- Functional independence measure scores all above knee amputation patients based on 

etiologies 

 

 

Dysvascular, osteomyelitis and traumatic for ATFIM (Admission Total FIM), DTFIM (Discharge Total 

FIM), AMFIM (Admission Motor FIM), DMFIM (Discharge Motor FIM), ACFIM (Admission Cognitive 

FIM), DCFIM (Discharge Cognitive FIM), FIMGain and FIMEff (FIM Efficiency). N-Number 

 

 

  

Group  ATFIM DTFIM  AMFIM  DMFIM ACFIM DCFIM 
FIM 

Gain 
FIMEff  

Dysvascular 

  
              

Median 59 89 38 57 19 31 29 2.28 

Min 29 56 17 37 9 13 7 0.47 

Max 101 110 66 75 35 35 67 31.29 

N 91 91 91  91 91  91  91 91  

Osteomyelitis               

Median 66 98 41 64 24 34 32 2.66 

Min 43 69 16 39 13 23 19 0.96 

Max 82 111 52 76 30 35 47 5.83 

N 17 17 17  17 17 17  17  17  

Traumatic 

  
              

Median 75 99 47 65 26 34 32 1.9 

Min 54 71 23 37 16 30 7 0.4 

Max 101 112 66 77 35 35 40 5.83 

N 13 13 13  13 13 13  13  13  
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Table 4.3- Functional independence measures sub-component scores for all above knee amputation 

patients based on etiologies 

 

 

Sphincter care, mobility, locomotion, communication, social cognition) scores for all above knee 

amputation (AKA) patients based on etiologies- dysvascular, osteomyelitis and traumatic. N-Number; 

Admission (A) and Discharge (D). 
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 Total– N-121                   

Media

n 

 

24 34 9 12 5 11 1 6 10 13 13 19 

Min  7 11 1 2 2 2 0 0 4 6 6 7 

Max  36 42 14 14 15 19 8 12 14 14 21 21 

 Dysvascular- N=91                   

Media

n 

 
22 33 8 11 5 10 1 4 9 13 11 18 

Min  12 14 1 2 2 4 0 0 4 6 6 7 

Max  36 41 13 14 15 18 8 12 14 14 21 21 

 Osteomyelitis- N=17                   

Media

n 

 
24 35 10 13 6 12 2 4 10 14 14 20 

Min  7 14 3 10 2 2 0 1 6 10 7 13 

Max  30 42 13 13 9 19 6 8 12 14 18 21 

 Traumatic- N=13                   

Media

n 

 
28 36 10 12 8 12 3 7 10 14 16 18 

Min  18 14 3 10 2 5 1 1 8 12 9 7 

Max  36 42 14 14 15 18 4 12 14 14 21 21 
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Table 4.4- Inferential statistics- kruskal wallis comparing functional independence measure based on 

etiologies for unilateral above knee amputation patients 

 

Score Total N 
Test 

Statistic 

p 

(significant) 
Pairwise comparison (Sig) 

ATFIM 121 12.78 0 .002* Dv-Tr (0.001) * 

DTFIM 121 7.54 0.023* Dv-Ost (0.048) *;    Dv-Tr (0.031) * 

AMFIM 121 9.52 0 .009* Dv-Tr (0.003) * 

DMFIM 121 6.35 0.042* Dv-Tr (0.032) * 

ACFIM 121 11.88 0 .003* Dv-Ost (0.049) *;    Dv-Tr (0.002) * 

DCFIM 121 17.33 <0 .01 * Dv-Ost (<0.01) *;    Dv-Tr (0.007) * 

FIMGAIN 121 2.15 0 .341  

FIMEff  121 2.24 0.326  

 

ATFIM (Admission Total FIM), DTFIM (Discharge Total FIM), AMFIM (Admission Motor FIM), 

DMFIM (Discharge Motor FIM), ACFIM (Admission Cognitive FIM), DCFIM (Discharge Cognitive 

FIM), FIMGain and FIMEff (FIM Efficiency); significant (*); D-dysvascular, O- osteomyelitis and T- 

traumatic 
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Table 4.5- Functional independence measure scores all above knee amputation patients based on phases 

 

 

Phase 1- Pre-prosthetic phase and Phase 2- Prosthetic phase. N-Number; ATFIM (Admission Total FIM), 

DTFIM (Discharge Total FIM), AMFIM (Admission Motor FIM), DMFIM (Discharge Motor FIM), 

ACognitive FIM (Admission Cognitive FIM), DCFIM (Discharge Cognitive FIM), FIMGain and FIMEff 

(FIM Efficiency)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group  ATFIM DTFIM  AMFIM  DMFIM ACFIM DCFIM 
FIM 

Gain 
FIMEff  

Phase 1         

Median 50 85 33 56 19 30.5 31 2.28 

Min 29 56 16 38 9 15 13 0.79 

Max 83 112 53 77 33 35 67 5.83 

N 72 72 72 72 72 72 72 72 

Phase 2         

Median 69 100 44 67 25 34 29 2.29 

Min 36 57 18 37 13 13 7 0.39 

Max 101 110 66 75 35 35 47 12 

N 49 49 49 49 49 49 49 49 
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Table 4.6- Inferential statistics- mann-whitney u comparing functional independence measure based on 

phases (pre-prosthetic versus prosthetic phase) for unilateral above knee amputation patients 

 

Mann-

Whitney U 

Results  

Total 

N 

Mann-

Whitney U 
Wilcoxon W Z P (Sig) * 

ATFIM 121 856.00 3484.00 -4.80 <0 .01 * 

DTFIM 121 961.50 3589.50 -4.24 <0 .01 * 

AMFIM 121 814.50 3442.50 -5.02 <0 .01 * 

DMFIM 121 976.50 3604.50 -4.16 <0 .01 * 

ACFIM 121 1097.50 3725.50 -3.53 <0 .01 * 

DCFIM 121 1010.00 3638.00 -4.02 <0 .01 * 

FIMGain 121 1565.00 2790.00 -1.05 .29 

FIMEff  121 1569.00 2794.00 -1.03 .30 

 

ATFIM (Admission Total FIM), DTFIM (Discharge Total FIM), AMFIM (Admission Motor FIM), 

DMFIM (Discharge Motor FIM), ACFIM (Admission Cognitive FIM), DCFIM (Discharge Cognitive 

FIM), FIMGain and FIMEFF (FIM Efficiency); significant (*); N-Number 
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CHAPTER V 

THE INFLUENCE OF ACUTE INPATIENT REHABILITATION FOR 

TRANSTIBIAL AMPUTATION PATIENTS IN A FREE STANDING 

REHABILITATION HOSPITAL 

5.1. ABSTRACT 

Objective: The purpose of this study was to determine the effect differences of 

etiology (dysvascular, traumatic or osteomyelitic) and rehabilitation phase (pre-prosthetic 

versus prosthetic) on a unilateral transtibial amputations (TTA) patient’s total Functional 

Independent Measure (TFIM), motor FIM (MFIM) and cognitive FIM (CFIM) variables 

when these scores were produced during completion of the acute in-patient rehabilitation 

(AIR) in a Free Standing Rehabilitation Hospital (FSRH). An additional purpose was to 

document whether incorporating AIR changed function from pre-rehabilitation to post-

rehabilitation. 

Design: A retrospective cohort one factor between-groups, one factor within 

subject study design and correlation were used to analyze the variables.  

Setting: Free-standing rehabilitation hospital 

Participants: 126 patients (79 dysvascular, 13 traumatic and 34 osteomyelitis) 

patients with a primary diagnosis of TTA. Among 126 TTA patients, 102 were admitted 

for the pre-prosthetic phase and 24 for the prosthetic phase over a 35-month period 

between June 2012 and May 2015. 

Interventions: Selected patients’ hospital records were reviewed and analyzed 

irrespective of initial admission diagnoses. 
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Main Outcome Measure: The change in TFIM score, MFIM and CFIM 

subscores, Length of Stay (LOS), FIM efficiency (change in the FIM total score/LOS and 

discharge disposition (to-home vs not to-home). 

Results: The patients’ mean age was 60.9 ± 14.0 years, mean time to admission 

was 29.6 days from the onset of amputation, and the mean LOS was 12.3 days. Based on 

inferential analysis admission and discharge dysvascular CFIM scores were lower than 

traumatic. Additionally, admission and discharge pre-prosthetic phase TFIM, MFIM, 

CFIM scores were lower than prosthetic phase. Overall, TFIM, MFIM, CFIM scores 

were lower at the time of admission versus scores at the time of discharge. There was a 

mild negative correlation between the age and amputation etiology. There was a fair 

positive correlation between the FIM gain and FIM efficiency and moderate negative 

correlation between the LOS and FIM efficiency. Ninety-five percent of patients were 

discharged to-home. 

Conclusions: When compared both pre-prosthetic and prosthetic phase across all 

TTA patients, AIR discharge TFIM, MFIM and CFIM scores were better than the same 

scores at admission. Furthermore, dysvascular and traumatic TTA patients showed higher 

CFIM scores during discharge versus scores during admission prior to an AIR.  

Key words: Transtibial amputation, acute inpatient rehabilitation, dysvascular, 

traumatic, functional independent measurement 

5.2. INTRODUCTION 

In the United States (U.S) alone, approximately 185,000 amputations occur 

annually (Owings & Kozak, 1998), contributing to an estimated population of 1.6 million 
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persons living with limb loss in 2005 (Ziegler-Graham et al., 2008). Approximately 1.3 

million (86%) of these individuals required lower limb amputation (LLA). Twenty-eight 

percent of people with LLA, which is slightly more than 378,000 individuals, required 

transtibial amputation (TTA) (Ziegler-Graham et al., 2008). Amputation incidence most 

commonly relates to vascular conditions, trauma, malignancy, and congenital deficiency. 

Nearly, 72 percent of TTAs have been attributable to dysvascular pathology. There is a 

higher incidence and prevalence of dysvascular related LLA with advancing age 

(Dillingham T. R, Pezzin, & MacKenzie, 2002). Between the 1980's and 1990's the 

amputation rates increased among dysvascular patients and declined among trauma and 

cancer patients (Dillingham T. R, Pezzin, & MacKenzie, 2002). Diabetes and peripheral 

vascular disease (PVD) has been associated with many dysvascular LLAs.  

Studies demonstrate that when compared with non-diabetics, diabetics are 10-24 

times more likely to require LLA (Moss, Klein, & Klein, 1999). Approximately 30% of 

diabetics with unilateral amputations can be expected to become bilateral amputees 

within two years, whereas nearly 50% of those with bilateral amputations can be 

expected to die within five years (Wahlberg, Lepner, & Olofsson, 1994). Carrington et al. 

found that, when compared to diabetics without amputations, diabetics with poor 

glycemic control along with amputation had significantly poorer psychosocial adjustment 

and demonstrated higher depression levels (Rybarczyk et al., 1992, Carrington, 

Mawdsley, Morley, Kincey, & Boulton, 1996). Motivation has been shown to have strong 

positive impact on functional independence and Quality of life (QOL) (Greive & 

Lankhorst, 1996). Depression negatively impacts motivation, which in turn can reduce 
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patients’ functional performance and abilities to learn and retain new skills (Goldney, 

Phillips, Fisher, & Wilson, 2004). 

Trauma is the second most common amputation etiology, yet occurs at about one 

eighth the frequency of dysvascular amputations overall (Dillingham T. R, Pezzin, & 

MacKenzie, 2002). Approximately 7%  of TTAs started their condition with a traumatic 

etiology (Ziegler-Graham et al., 2008, Dillingham T. R, Pezzin, & MacKenzie, 2002). 

Although trauma accounts for only 16% of all amputation-related hospital discharges, 

they account for an estimated 45% of the prevalent limb loss cases (Ziegler-Graham et 

al., 2008). This difference is due to the fact that over two thirds of trauma related 

amputations occur among adolescents and adults below 45 years of age (Dillingham T. R 

et al., 1998). In comparison, approximately 64% of all dysvascular related amputations 

occur among older adults ages 65 years or older (Dillingham T. R, Pezzin, & Mackenzie, 

2002). Thus, these patients will have prosthetic and health service needs for many years 

to ensure high-quality, active, and productive lives (Ziegler-Graham et al., 2008). 

Higher age and amputation level have been identified as the most significant 

predictors of functional outcome and independence (Kelly & Dowling, 2008, Bernadette, 

Chantel, Allen, & Hamdan, 2004, Demet et al., 2003, Schoppen et al., 2003). Greive et al 

(1996) found that amputees who were less than 65 years of age had a greater probability 

of achieving good mobility autonomy versus older amputees. However, it is not clear 

whether age itself or increasing morbidity associated with advancing age is the most 

important factor influencing functional outcome and QOL.  

Comorbidities appear to influence the need for lower limb amputations. For 
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example, amputees with uncontrolled diabetes and PVD are at higher risk of developing 

lower limb ulcers, osteomyelitis and complications after LLA. Higher level amputations 

have been found to be more debilitating for the diabetic amputee compared to lower level 

amputations (Peters et al., 2001). Thus, clinicians are encouraged to assess comorbidities 

in their patients at risk for needing lower limb amputation.  

A contemporary, valid means to assess the comorbidity burden is the Charlson 

Comorbidity Index (CCI) (Kieszak et al., 1999, Rochon et al., 1996). The CCI contains 

19 health conditions including diabetes with diabetic complications, congestive heart 

failure, peripheral vascular disease, chronic pulmonary disease, mild and severe liver 

disease, hemiplegia, renal disease, leukemia, lymphoma, metastatic tumor, and acquired 

immunodeficiency syndrome (AIDS), each of which is weighted according to its 

potential influence on mortality (Charlson M. E et al., 1987). 

Many persons with TTA lead healthy functional lifestyles (Penn-Barwell, 2011) 

and frequently participate in sports and athletic pursuits (Bragaru, Dekker, Geertzen, & 

Dijkstra, 2011). Incorporation of a transtibial prosthesis is routinely a component of the 

rehabilitation and reintegration plan that will encourage functional restoration after TTA 

(Webster, Hakimi, & Czerniecki, 2012). A post-amputation rehabilitation focus optimizes 

the future prosthesis fit, with adequate muscle balance that allows biomechanical 

advantage necessary to meet the residual limb’s new function (Esquenazi A, 2004). 

Several TTA patients are admitted to an Acute In-patient Rehabilitation (AIR) facility for 

pre-prosthetic phase therapy after discharge from acute-care hospital amputation surgery. 

Such AIR programs aim to improve functional independence, bed mobility, transfers, 
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edema reduction, contracture prevention, post-operative wound care and assistive device 

use (Esquenazi A & DiGiacomo, 2001). However, selected patients are admitted to AIR 

for a prosthetic phase, with a main aim to be fitted with a prosthesis. During this phase 

patients work on increasing prosthesis wear time and functional use (Seymour, 2002). It 

is known that persons with TTA develop secondary conditions related to overuse of the 

sound limb, as well as prosthetic-related complications that include degenerative joint 

disease, osteopenia, postural issues, low back pain and skin issues (Highsmith & 

Highsmith, 2007, R. Gailey, Allen, Castles, Kucharik, & Roeder, 2008). Retaining the 

knee joint has been shown to contribute to more efficient ambulation with a prosthesis 

that requires less energy expenditure (Aulivola et al., 2004). 

All AIR facilities submit amputation patients’ functional outcome measurement 

data from the Patient Assessment Instrument (PAI) to the Uniform Data System for 

Medical Rehabilitation (UDSMR). The PAI contains demographic, medical, and 

functional information on each AIR-admitted patient. A Functional Independence 

Measure (FIM) instrument is embedded in the AIR-PAI. This is a criterion reference tool 

that was developed in the 1980s to measure the burden of care and functional 

independence in personal care activities (Keith et al., 1987). Studies have investigated 

FIM reliability and validity (Panesar et al., 2001). 

Given the remarkable costs associated with hospital and facility fees, 

rehabilitation, and prosthetic provision, it is important to know that amputation-

associated literature is non-standardized, inconclusive, and unable to guide clinical 

practice. For example, prominent reviews on prosthetic foot prescription (Hofstad, Linde, 
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Limbeek, & Postema, 2004) and postoperative management (Smith, McFarland, 

Sangeorzan, Reiber, & Czerniecki, 2003) concluded that no clinical recommendations 

can ultimately be made given a lack of evidence or high-quality evidence for guiding 

clinical practice or reimbursement. Rarely have studies focused on the impact of 

etiological factors or rehabilitation timing (pre-prosthetic and prosthetic phase) on 

changes in different FIM scores for patients in a Free Standing Inpatient Rehabilitation 

Hospital (FSRH). Therefore, the purpose of this study was to determine the differences in 

a unilateral TTA patient’s total FIM (TFIM), motor FIM (MFIM) and cognitive FIM 

(CFIM) scores based on etiology (dysvascular, traumatic or osteomyelitic) and 

rehabilitation phase (pre-prosthetic versus prosthetic) when these scores were produced 

during completion of an AIR in a FSRH.  

This study attempted to address several hypotheses in unilateral TTA patients. 

First, it was hypothesized that dysvascular TTA patients would exhibit poorer functional 

gains when compared with traumatic group. Second, it was hypothesized that pre-

prosthetic phase would be associated with poorer functional gains when compared with 

the prosthetic phase. Third, it was hypothesized that TTA patients’ admission FIM scores 

would be lower when compared discharge FIM scores. The dependent variables for these 

three questions were: (a) TFIM score, (b) MFIM score, and (c) CFIM score. Finally, it 

was hypothesized that age and traumatic TTA would be negatively correlated. 

5.3. METHODS 

5.3.1. Experimental Design and Setting 

A retrospective cohort study design was used to perform a review of subjects’ 
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medical records in a FSRH. First, a one factor between-groups design examined 

differences in FIM scores among patients with three etiological groups during admission 

and discharge: (a) dysvascular, (b) traumatic, and (c) osteomyelitic. Second, a one factor 

between-groups design examined differences in FIM scores among two rehabilitation 

phases: (a) pre-prosthetic, (b) prosthetic. Third, a one factor within-subject groups design 

examined differences in FIM scores among two admission statuses: (a) at the time of 

admission, (b) at the time of discharge. Fourth, an exploratory correlation design 

determined whether there was a relationship between age, time since admission, LOS, 

FIM gain, FIM efficiency and/or and CCI. 

Setting: The study was conducted in an FSRH that follows the Uniform Data 

System for Medical Rehabilitation protocol in administering the FIM instrument. Since 

1987, the Uniform Data System for Medical Rehabilitation, a not-for-profit organization 

affiliated with University at Buffalo Foundation Activities, Inc., at the State University of 

New York at Buffalo, has maintained the largest nongovernmental national registry of 

standardized information on medical rehabilitation inpatients in the world (Graham et al., 

2014). 

5.3.2. Subjects and Inclusion/Exclusion Criteria 

The primary diagnosis of TTA, International Classification of Diseases, Ninth 

Revision codes V49.70, V49.76 and V49.75 who received AIR were reviewed. Records 

of 126 patients (79 dysvascular, 13 traumatic and 34 osteomyelitis) admitted with TTA 

diagnosis to an AIR facility during a 35-month period, between June 2012 and May 2015, 

were reviewed. Thus, the first category was established based on etiology- dysvascular, 
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traumatic and osteomyelitic. From the second category, constructed two groups were 

constructed based on rehabilitation phases: pre-prosthetic (102) and prosthetic (24) 

rehabilitation phases. Physiatrists provided routine inpatient rehabilitation management. 

Patients received acute care amputation team follow up on a consulting basis. The 

university’s Institutional Review Board approved the study. No identifiable protected 

health information data were collected. 

Inclusion and Exclusion Criteria: Medical records were enrolled based on the 

following inclusion criteria. Subjects included males and females between the ages of 18 

and 100 years old. Hospital records of all the patients with unilateral TTA admitted to the 

FSRH during a 35-month period, between June 2012 and May 2015, were reviewed 

(Appendix D). Once the patients were admitted to the FSRH, they received a standard 

inpatient rehabilitation program, defined as a total of 3 hours per day of comprehensive 

physical, occupational, and speech therapy and acute care surgical team consultation on 

an as-needed basis while the patients were in the FSRH.  

Patients were excluded if they were discharged to acute care hospital or did not 

return to FSRH within 3 days of being sent out for selected complications such as stroke 

or sepsis. Patients were additionally excluded if they were pregnant or if they required 

bilateral LLA.   

5.3.3. Variables 

This study involved three independent variables. The first independent variable 

was Group with two levels: pre-prosthetic and prosthetic phase. The second independent 

variable was time with two levels: admission and discharge. The third independent 
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variable was etiology with three levels: traumatic, dysvascular and osteomyelitic. The 

dependent variables were admission and discharge TFIM score, MFIM and CFIM 

subscores and FIM efficiency. Additionally, Length of Stay (LOS), time since surgery, 

age, CCI and discharge disposition (to-home versus not-to-home) were calculated. 

5.3.4. Measurements 

The FIM instrument was used to measure each patient's functional status 

throughout his or her AIR experience (Granger, 1998). The FIM is an ordinal scale that 

measures the patient's functional status and indicates how much assistance is required for 

a patient to conduct activities of daily living. The FIM instrument is comprised of 18 

items that include 13 motor tasks (eating, grooming, bathing, upper body dressing, lower 

body dressing, toileting, bladder management, bowel management, bed-to-chair transfer, 

toilet transfer, shower transfer, locomotion-ambulation or wheelchair use, and stairs) and 

5 cognitive tasks (cognitive comprehension, expression, social interaction, problem 

solving, and memory). All tasks are graded on a 7-point ordinal scale that begins with 

total assistance (or complete dependence, in which patients perform <25% of the task) 

and finishes with complete independence. The final TFIM scores range from 18 (lowest) 

to 126 (highest), which indicates the required assistance level. The MFIM scores range 

from 13 (lowest, complete dependence) to 91 (highest, complete independence) and 

CFIM scores range from 5 (lowest, complete dependence) to 35 (highest, complete 

independence). The validity and reliability of the FIM instrument for stroke patients is 

well established (Dickson & Köhler, 1995b, Dickson & Köhler, 1995a, Ottenbacher et al., 

1996, Dodds et al., 1993). The LOS was measured as the number of days the patients 
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spent in the hospital from the day of admission to the day of discharge. The FIM 

efficiency was defined as the change in functional status from admission to discharge and 

was divided by the LOS (median) as defined by Ottenbacher et al. (Ottenbacher et al., 

2004). Multiple chronic diseases were operationally defined using the CCI, which has 

been cited in more than 9,500 publications and is the most extensively validated measure 

of the prognostic impact of multiple chronic illnesses (Charlson M. E et al., 2014). 

The TTA patients were either admitted few days after discharge from acute care 

amputation, for pre-prosthetic rehabilitation or several weeks to months after discharge 

from acute care amputation surgery for prosthetic rehabilitation. Pre-prosthetic 

rehabilitation usually emphasizes residual limb management after surgical reconstruction 

to optimize the fit of a future prosthesis. Thus, during this phase rehabilitation is focused 

on muscle balance, flexibility, muscle strength, bed mobility, transfers, wheelchair 

mobility, positioning for edema reduction, dressing care, pain management and 

contracture prevention (Esquenazi A & DiGiacomo, 2001). Conversely, the prosthetic 

rehabilitation phase was aimed at strategies to increase independence in functional 

prosthetic limb use (Esquenazi A & DiGiacomo, 2001). Pain management was an 

important component of both rehabilitation phases. Functional performance was 

evaluated using TFIM, MFIM, and CFIM scores for patients in each of these phases. 

5.3.5. Statistical Analysis 

Descriptive statistics were used to summarize all TTA patients’ demographic 

characteristics, as well as descriptive numerical data that included median and range of 

the various DVs. The LOS, time since surgery, age, CCI and discharge disposition (to-
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home versus not-to-home) simple mean and standard deviation (SD) values were 

included. The inferential statistical analysis compared the functional status across 

etiology and phase categories, for the dependent variables TFIM score, MFIM and CFIM 

subscores for admission and discharge, and FIM efficiency. The FIM gain was obtained 

by subtracting the admission median TFIM score from the median total discharge score. 

Data were tested for normality (Shapiro-Wilk Test) and homogeneity of variance 

(Levene’s Test) to determine the parametric or non-parametric inferential statistics to use.   

Each FIM score is an ordinal variable, so nonparametric Kruskal-Wallis tests were 

used to test for significant differences for each of the FIM scores across etiology groups. 

In SPSS Kruskal-Wallis Pair-wise post hoc Dunn test comparisons were used to locate 

significant differences in the event of significant main effect. Nonparametric Mann-

Whitney U tests were used to test for significant differences for each of the FIM scores 

across phase category. Two tailed within-subject test, Wilcoxon Signed-Rank Tests were 

used to compare differences from admission to discharge for TFIM, MFIM and CFIM 

scores. Alpha levels were set a priori to 0.05 for all analyses. An exploratory analysis 

using Pearson correlation determined whether there was a relationship between age, time 

since admission, LOS, FIM gain, FIM efficiency and/or and CCI. No attempt to correct 

the alpha level for multiple comparisons was made in this exploratory analysis (Perneger, 

1998); (Rogan et al., 1979). All statistical analyses were performed using SPSS Statistics, 

Version 22.0 (IBM, Inc, Chicago, IL). 
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5.4. RESULTS 

5.4.1. Demographic and Clinical Characteristics 

A total 126 TTA patients from the FSRH that hosted the AIR between June 2012 

and May 2015 were included. The patients’ mean age was 60.9 ± 14.0 years, and over half 

of the study patients were male (60.3%). The mean time to admission was 29.6 days from 

the onset of amputation, and the mean LOS was 12.3 (5.8) days from admission to 

discharge. The majority of the patients were significantly affected by a dysvascular 

etiology (62.7%), followed by osteomyelitis (27.0%) and traumatic injury (10.3%). 

Additionally, 81.0% of patients in the sample were admitted for pre-prosthetic 

rehabilitation and the remainder for prosthetic rehabilitation. Furthermore, 88.1% 

presented with admission TFIM scores between 40 and 79, 7.1% between 0 and 39 and 

4.8% with a score greater than 80. Finally, 40.3% presented with CCI scores between 5 

and 7, 23.0% exhibited a CCI score of 4 and 4.79% had a score greater than 8. 

Descriptive data were analyzed for all TTA patients and then stratified by etiology and 

phases (Table 5.1). 

There was a mild negative correlation between the age and amputation etiology (r 

= -0. 273, p = 0.002). Increases in age were correlated with decreases in traumatic 

amputation. There was a fair positive correlation between the FIM gain and FIM 

efficiency (r = 0. 237), where an increase in FIM gain was correlated with increase in 

FIM efficiency. There was a moderate negative correlation between the LOS and FIM 

efficiency (r = -0. 478 p<0.01), where an increase in LOS was correlated with decrease in 

FIM efficiency. The outcome measures for extracted sample data from June 2012 and 
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May 2015 for all TTA patients based on etiology for admission and discharge. These data 

include TFIM scores, MFIM and CFIM component scores, FIM gain (discharge FIM – 

admission FIM) and FIM efficiency (FIM gain/FSRH LOS) for each patient (Table 5.2 

and 5.3). The outcome measures for extracted sample data from June 2012 and May 2015 

for all AKA patients based on rehabilitation phase. These data include TFIM scores, 

MFIM and CFIM component scores, FIM gain scores and FIM efficiency scores (Table 

5.5 and 5.6) 

5.4.2. Results for Etiology Comparison  

The Kruskal-Wallis tests showed admission and discharge dysvascular CFIM 

scores were lower than traumatic. There were significant differences by etiology in the 

admission CFIM between osteomyelitic (Median and Range, 23 and 12-32 respectively) 

and traumatic (Median and Range, 27 and 21-35; p < 0.001) and between dysvascular 

(Median and Range, 22 and 5-30) and traumatic (Median and Range, 27 and 21-35; 

p< 0.012); discharge CFIM between dysvascular (Median and Range, 32 and 14-35) and 

traumatic (Median and Range, 35 and 25-35; p < 0.005) (Table 5.4). There was no 

statistically significant difference between etiologies based on FIM gain and efficiency 

(Table 5.4). 

5.4.3. Results for Phase Comparison  

Based on inferential analysis admission and discharge pre-prosthetic phase TFIM, 

MFIM, CFIM scores were lower than prosthetic phase. There were statistically 

significant differences by phases in the admission TFIM scores between pre-prosthetic 

(Median and Range, 58 and 19-86) and prosthetic (Median and Range, 68.5 and 52-88; 
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p < 0.001) phases, and for discharge TFIM scores between pre-prosthetic (Median and 

Range, 89 and 40-113) and prosthetic (Median and Range, 102 and 88-113; p < 0.005) 

phases. There were statistically significant differences for admission MFIM scores 

between pre-prosthetic (Median and Range, 36 and 11-58) and prosthetic (Median and 

Range, 42.5 and 28-60) phases (p < 0.001), and for discharge MFIM scores between pre-

prosthetic (Median and Range, 59 and 15-78) and prosthetic (Median and Range, 69 and 

53-78) phases (p < 0.001). There were statistically significant differences for admission 

CFIM scores between pre-prosthetic (Median and Range, 22 and 5-35) and prosthetic 

(Median and Range, 26 and 15-33) phases (p < 0.001), and for discharge CFIM scores 

between pre-prosthetic (Median and Range, 32 and 14-35) and prosthetic (Median and 

Range, 34 and 30-35) phases (p < 0.014). There was no statistically significant difference 

between phases based on FIM gain and efficiency (Table 5.6). 

5.4.4. Results for Admission and Discharge Comparison 

At the time of admission, TFIM, MFIM, CFIM scores were overall lower than 

scores at the time of discharge. For the 126 TTA patients reviewed in this study, TFIM 

scores (Z: -9.7074; W:13.5; p<0.001), MFIM scores (Z: -9.6027; W: 56.5; p<0.001), and 

CFIM scores (Z: -9.5982; W: 42; p<0.001) were significantly higher at discharge versus 

at admission.  

5.4.5. Results about Discharge Destination and Complications 

There were 9 patients with bilateral TTA and 8 patients who were discharged to 

an acute care hospital due to their worsening medical conditions such as shortness of 

breath, wound dehiscence, and chest pain. In response, these patients were excluded from 
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the analysis. Out of 126 TTA patients reviewed in this study, 4.0% were discharged to 

nursing homes. Among 126 TTA patients reviewed, 4.1% of patients were discharged to-

home only, 76.9 % were discharged to-home with home health and 19.0% were 

discharged to-home with out-patient therapy. 

5.5. DISCUSSION 

This study tested the hypotheses that FIM scores and FIM sub-component scores 

during an AIR program for unilateral TTA patients who were admitted to an FSRH from 

June 2012 to May 2015 would be lower in the dysvascular etiology, in the pre-prosthetic 

rehabilitation phase and overall at the time of admission versus the time of discharge. 

Based on inferential analysis, admission and discharge dysvascular CFIM scores were 

lower than traumatic scores. Furthermore, admission and discharge pre-prosthetic phase 

TFIM, MFIM, and CFIM scores were lower than the prosthetic phase. Finally, overall at 

the time of admission TFIM, MFIM, CFIM scores were lower than scores at the time of 

discharge, so three out of the four hypotheses were supported. Moreover, 95% patients 

were successfully discharged to-home or home with home health or outpatient therapy. 

Other studies have reported age, sex, and cognitive function level as predictors of 

functional improvement in major LLA (Frlan-Vrgoc, Vrbanić, Kraguljac, & Kovacević, 

2011, Schoppen et al., 2003). This might be explained by the nature of the current 

population, who were on average greater than 60 years old and exhibited several co-

morbidities, indicating that even a slightly better functional performance could be 

advantageous in regaining some ambulation and functional mobility capacity. 

The average length of stay irrespective of pre-prosthetic or prosthetic 
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rehabilitation was 12.3 (SD: 5.8) days, where a dysvascular etiology was the most 

common reason for TTA. Overall, there were more male participants than females, a 

distribution found to be consistent with the worldwide demographics for TTA prevalence 

in developed countries (King, Aubert, & Herman, 1998). However, the current study did 

not examine age of onset for dysvascular disease, diabetes or the presence of obesity, 

which have been associated with complications (Hennis & Fraser, 2004). Most patients 

admitted to the current study’s AIR had multiple co-morbidities prior to their admission, 

where approximately 68% had CCI ≥ 4. This is noteworthy, considering that increased 

health care costs, mental/behavioral health problems, mortality risk and frequent 

hospitalization are associated with increases in CCI (Charlson M. E et al., 2014). 

Data are lacking that report AIR benefits for TTA patients in an FSRH using FIM 

score and sub-scores to compare multiple etiologies. In the present study, admission and 

discharge dysvascular CFIM scores were lower than those from a traumatic etiology and 

overall admission TFIM, MFIM, CFIM scores were lower than scores at the time of 

discharge. There are selected studies in literature that have utilized FIM scores in LLA 

population, but they have answered different research questions, such as the dysvascular 

etiology related finding (Peters et al., 2001). Some investigators have highlighted overall 

differences across selected FIM components, without analyzing the etiological groups 

separately. Stineman et al. (2010) studied veterans with a new LLA that involved 189 

unilateral TTA, 111 unilateral AKA and 7 with bilateral AKA and TTA patients of 

dysvascular and trauma etiologies (Stineman et al., 2010a). They found that patients who 

received specialized rehabilitation (which is similar to AIR) made greater MFIM gains 
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versus patients who received consultative services (Stineman et al.,2010). In Stineman’s 

study that involved in specialized rehabilitation group, admission CFIM, admission 

MFIM, discharge MFIM and MFIM change scores were 30, 51, 73, and 18, respectively. 

Another study involving 163 unilateral TTA, 99 AKA and 6 bilateral AKA patients from a 

veteran’s service showed that specialized rehabilitation recipients (median, 18.7) had 

greater average improvement in physical functioning, which was defined as MFIM gains 

from generalized rehabilitation (median, 9.8) during the acute postoperative inpatient 

period (Kurichi et al., 2009). The current study differed from Stineman et al, as there 

were only 126 TTA patients and the admission CFIM, admission MFIM, discharge MFIM 

and MFIM score changes were 24, 39, 64, and 25 respectively (Stineman et al., 2008). 

However, unlike Kurichi et al., the present study stratified the FIM score differences by 

etiology and rehabilitation phase. Another study by Kurichi et al., which investigated 

length of stay in 171 LLA patients who were admitted to specialized rehabilitation, 

showed that the average LOS was 39.2 days (Kurichi et al., 2013). The majority of 

patients in the current study were successfully discharged to-home after a mean AIR LOS 

of 13.3 days (SD = 4.8 days). It is noteworthy that patients in the current study started 

with lower admission MFIM scores but had higher MFIM improvements by the time of 

discharge, and the LOS was considerably less when compared to the previous studies. 

Perhaps these considerable differences were related to location and patient type, where 

the Stineman et al. and Kurichi et al. studies were performed with unilateral and bilateral 

LLA patients in veteran’s affairs medical centers versus the unilateral LLA patients in an 

FSRH. 
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Studies investigating the benefits of AIR for patients with TTA in an FSRH using 

FIM scores for pre-prosthetic and prosthetic rehabilitation phases are scarce. In the 

current study unilateral TTA patients during the pre-prosthetic phase were found to 

demonstrate lower levels of admission and discharge TFIM, MFIM and CFIM scores 

compared to those in a prosthetic phase. Another study involving unilateral TTA or AKA 

(DM, PVD, and trauma) has shown that mobility rates 1 year after prosthetic utilization 

worsened with increasing age and higher amputation level (Davies & Datta, 2003). 

Lower level amputees, such as TTA patients, have been described in the literature as 

being less debilitated and more functional versus those with higher level amputations 

such as AKA. In another study, patients undergoing rehabilitation for bilateral TTA who 

presented with DM and PVD survived, on average for greater than 4 years after discharge 

(Mac Neill et al., 2008).   

Debilitation is not just a physical frailty factor but can relate to the patient’s 

personal perceptions of ability. Thus, it is expected that amputees with higher FIM gains 

would likely perceive themselves as having a better Quality of Life (QOL) (Cox, SKP, & 

Weaver, 2011). One can therefore assume that TTA patients who undergo either or both 

pre-prosthetic and prosthetic phase AIR, would be able to better function in their 

environment, as they would have a higher level of CFIM improvement that could 

translates into a better QOL perception. 

No significant difference in admission and discharge TFIM and MFIM scores 

when comparing etiologies in TTA patients were found, despite the fact that more of 

patients had a dysvascular etiology compared to osteomyelitic or traumatic 
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classifications. A positive relationship between amputation, better functional 

independence and QOL has been documented in the literature (Kelly & Dowling, 2008, 

Bernadette et al., 2004, Demet et al., 2003). A closer look at the domains that produced 

the summative score for the CFIM in the current study showed that the traumatic group 

scored better than the dysvascular group in the domains of social relationships and 

communication, while the motor improvement differences between the etiologies were 

much smaller. Conversely, patients in the current study who were admitted for prosthetic 

rehabilitation had significantly higher CFIM and MFIM scores both during the admission 

and discharge phases. 

The current study supports the benefits of AIR for patients with TTA in an FSRH 

by showing overall improvement in admission FIM scores and selected sub-scores when 

compared to discharge scores. In the study, the main focus was FIM score changes with 

overall AIR without differentiating the tools and equipment used during the rehabilitation 

process. Motivation, though not explored in the study, has been documented in the 

literature to have a strong impact on functional outcomes (Greive & Lankhorst, 1996). 

Thus, the patients who are highly motivated will actively participate in AIR and will 

more likely demonstrate better FIM scores in spite of the physical or physiological 

difficulties they face. Future studies could explore the impact of obesity, age of onset for 

comorbidities and impact of psychological factors on functional improvement with AIR. 

Overall, the current study has provided valuable information regarding functional 

improvement during AIR in a TTA patient group. 
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5.5.1. Limitations 

This study uses a retrospective design, so the results should be confirmed in a 

larger population prospective randomized controlled study. Additionally, the sample from 

which the data were collected was from a single FSRH facility. The results, therefore, 

should be interpreted and applied with caution. Moreover, different types of rehabilitation 

walking aids, dressing during pre-prosthetic rehabilitation and type of prosthesis used 

during prosthetic phases were not examined. The clinical decision-making process and 

outcomes could have been different in facilities that provide service for veterans and 

children, as the duration of stay, baseline functional capabilities and associated co-

morbidities likely would have been different. Finally, follow-up after discharge from the 

AIR was not performed. Appropriate follow-up could have provided information about 

the success of AIR in maintaining functional improvement over a course of time. 

5.6. CONCLUSION 

When compared to admission, both pre-prosthetic and prosthetic phases, as well 

as the overall TTA patient cohort were found to have better cognitive and motor 

functional independence scores during discharge after acute inpatient rehabilitation. 

Furthermore, dysvascular and traumatic TTA patients showed higher cognitive functional 

independence scores during discharge when compared to scores during admission prior to 

acute inpatient rehabilitation. However, these findings are considered exploratory and a 

more comprehensive study is recommended, using a larger sample of TTA population and 

a prospective design.  
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TABLE 5.1- Demographic characteristics of all trans-tibial amputation patients 

 

Demographic characteristics (Mean (SD)) 

Group Total TTA Phase 1 Phase 2 Dysvascular Traumatic Osteomyelitis 

N 126 102 24 79 13 34 

Age in 

years (SD) 

60.9(13.9) 60.1(13.7) 64.7(14.6) 64.4(13.1) 51.2(16.2) 56.6(12.4) 

Males 60.3% 63.7% 45.8% 56.9% 61.5% 67.6% 

Females 39.7% 36.3% 54.2% 43.0% 38.5% 32.4% 

Functional characteristics Admission FIM score [Data (%)] 

0–39 7.1% 8.8% 0% 11.4% 0% 0% 

40–79 88.1% 90.2% 79.2% 83.5% 92.3% 97.1% 

≥80 4.8% 0.9% 20.8% 5.1% 7.7% 2.9% 

Health characteristics- Comorbidity Index [Data (%)] 

0–1 10.3% 9.8% 12.5% 5.1% 53.8% 5.9% 

2–3 20.6% 19.6% 25.0% 22.8% 0 % 23.5% 

4 23.0% 23.5% 20.8% 20.3% 15.4% 32.4% 

5–7 41.3% 41.2% 41.7% 45.6% 30.8% 32.4% 

≥ 8 4.8% 5.9% 0% 6.4% 0% 5.9% 

Time from 

surgery 

(Days) 

29.6 (55.2) 

(107/126) 

8.03 (10.84) 

(89/102) 

136.2 

(62.5) 

18/24 

35.5 (62.1) 

(64/79) 

9.5 (23.7) 

(13/13) 

44.8 (60.1) 

(30/34) 

 

TTA-Trans-tibial amputation; FIM-Functional Independence Measure; N-Number; SD- Standard 

Deviation; Phases: Phase 1- Pre-prosthetic phase and Phase 2- Prosthetic phase 
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TABLE 5.2- Functional independence measure scores all transtibial amputation patients based on 

etiologies 

 

 

Dysvascular, osteomyelitis and traumatic for ATFIM (Admission Total FIM), DTFIM (Discharge Total 

FIM), AMFIM (Admission Motor FIM), DMFIM (Discharge Motor FIM), ACFIM (Admission Cognitive 

FIM), DCFIM (Discharge Cognitive FIM), FIMGain and FIM Eff (FIM Efficiency), and N (Number). 
  

Group  ATFIM DTFIM  AMFIM  DMFIM ACFIM DCFIM 
FIM 

Gain 
FIMEff  

Dysvascular               

Median 59.00 93 37 62 22 32 33 2.42 

Min 19 40 11 15 5 14 8 0.0 

Max 86 113 60 78 30 35 50 33 

N 79 79 79 79 79 79 79 79 

Osteomyelitis        

Median 59 91 36 61 23 33 33.5 2.81 

Min 43 71 20 37 12 20 13 0.0 

Max 86 113 58 78 32 35 50 5 

N 34 34 34 34 34 34 34 34 

Traumatic        

Median 69 100 43 68 27 35 35 2.8 

Min 47 40 26 15 21 25 9 0.04 

Max 88 111 55 77 35 35 42 17.50 

N 13 13 13 13 13 13 13 13 
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TABLE 5.3- Functional independence measures sub-component scores for all transtibial amputation 

patients based on etiologies 

 

 

Selfcare, sphincter care, mobility, locomotion, communication, social cognition scores for all Transtibial 

amputation (TTA) patients based on etiologies- dysvascular, osteomyelitis and traumatic. N-Number; 

Admission (A) and Discharge (D)  
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Total  – N-126          

Media

n 24 34 7 11 6 10 2 6 9.5 14 13 19 

Min 10 0 2 2 1 1 0 0 5 6 6 8 

Max 34 41 12 14 11 18 7 12 13 14 18 21 

Dysvascular- N-79           

Media

n 24 34 6 11 6 10 2 6 9 14 12 19 

Min 10 0 2 2 1 1 0 0 5 6 6 8 

Max 32 41 12 14 11 18 7 12 13 14 18 21 

Osteomyelitis- N-34          

Media

n 22 34 6.5 11 6 10 2 6 9 14 13 19.5 

Min 10 12 2 6 2 5 0 1 5 8 7 12 

Max 32 40 11 14 11 17 7 12 12 14 18 21 

Traumatic- N-13          

Media

n 27 35 10 11 7 11 2 6 10 14 15 21 

Min 14 0 4 10 2 5 0 0 9 13 11 12 

Max 34 40 12 14 11 13 7 12 13 14 16 21 
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TABLE 5.4- Inferential statistics- kruskal wallis comparing functional independence measure based on 

etiologies for unilateral transtibial amputation patients 

 

Kruskal 

Wallis Results  

Total 

N 

Test 

Statistic 

Degrees 

of 

Freedom 

p 

(significant) 

* 

Pairwise comparison (Sig) * 

ATFIM 126 5.14 2 0 .078  

DTFIM 126 1.78 2 0.41  

AMFIM 126 1.32 2 0 .51  

DMFIM 126 0.96 2 0.62  

ACFIM 126 11.63 2 0 .003 * D-T(0.001 *);    O-T (0.012 *) 

DCFIM 126 8.64 2 0.013 * D-T (0.005 *) 

FIMGain 126 0.35 2 0 .84  

FIMEff 126 0.71 2 0.70  

 

ATFIM (Admission Total FIM), DTFIM (Discharge Total FIM), AMFIM (Admission Motor FIM), 

DMFIM (Discharge Motor FIM), ACFIM (Admission Cognitive FIM), DCFIM (Discharge Cognitive 

FIM), FIMGain and FIMEff (FIM Efficiency); significant (*); D-dysvascular, O- osteomyelitis and T- 

traumatic 
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TABLE 5.5- Functional independence measure scores for all transtibial amputation patients based on 

phases 

 

 

Phase 1- Pre-prosthetic phase and Phase 2- Prosthetic phase. N-Number; ATFIM (Admission Total FIM), 

DTFIM (Discharge Total FIM), AMFIM (Admission Motor FIM), DMFIM (Discharge Motor FIM), 

ACognitive FIM (Admission Cognitive FIM), DCFIM (Discharge Cognitive FIM), FIMGain, FIMEff (FIM 

Efficiency), and N (number of subjects). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group  ATFIM DTFIM  AMFIM  DMFIM ACFIM DCFIM 
FIM 

Gain 
FIMEff 

Phase 1                 

Median 58 89 36 59 22 32 33 2.66 

Min 19 40 11 15 5 14 13 1.44 

Max 86 113 58 78 35 35 50 33 

N 102 102 102 102 102 102 102 102 

Phase 2                 

Median 68.5 102 42.5 69 26 34 34.5 2.31 

Min 52 88 28 53 15 30 9 0.0 

Max 88 113 60 78 33 35 50 5.56 

N 24 24 24 24 24 24 24 24 
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TABLE 5.6- Inferential statistics- mann-whitney u comparing functional independence measure based on 

phases (pre-prosthetic versus prosthetic phase) for unilateral transtibial amputation patients 

 

Mann-Whitney 

U Results  
Total N 

Mann-

Whitney U 
Wilcoxon W Z 

P 

(Significant) 

* 

ATFIM 126 677.00 5930.00 -3.40 <0 .01* 

DTFIM 126 576.00 5829.00 -4.03 <0 .01* 

AMFIM 126 773.50 6026.50 -2.80 <0.005* 

DMFIM 126 594.00 5847.00 -3.92 <0 .01* 

ACFIM 126 637.00 5890.00 -3.65 <0 .01* 

DCFIM 126 838.00 6091.00 -2.46 0.014* 

FIMGAIN 126 979.00 6232.00 -1.52 0.13 

FIMEff 126 1071.00 1371.00 -.95 0.34 

 

ATFIM (Admission Total FIM), DTFIM (Discharge Total FIM), AMFIM (Admission Motor FIM), 

DMFIM (Discharge Motor FIM), ACFIM (Admission Cognitive FIM), DCFIM (Discharge Cognitive 

FIM), FIMGain, FIMEff (FIM Efficiency), significant (*), and N (Number of subjects). 
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CHAPTER VI 

THE INFLUENCE OF ACUTE INPATIENT REHABILITATION FOR 

LOWER LIMB AMPUTATION PATIENTS WITH PHANTOM LIMB PAIN IN A 

FREE STANDING REHABILITATION HOSPITAL 

6.1. ABSTRACT 

Objective: The purpose of this study was to determine the differences in a 

unilateral lower limb amputation (LLA) patient’s total Functional Independent Measure 

(FIM), motor FIM (MFIM) and cognitive FIM (CFIM) scores based on phantom limb 

pain (PLP) status (yes PLP versus no PLP) when these scores were produced during 

completion of an acute in-patient rehabilitation (AIR) in a Free-Standing Rehabilitation 

Hospital (FSRH).  

Design: A retrospective cohort one factor between-groups study design was used 

to analyze the variables.   

Setting: Free-standing rehabilitation hospital 

Subjects: There were 247 unilateral LLA patients among which 176 had No-PLP 

and 71 had Yes-PLP. All patients were admitted over a 35-month period between June 

2012 and May 2015 to an FSRH for AIR and all were between the ages of 18 and 90 

years.  

Methods: The outcome variables were admission and discharge TFIM scores, 

MFIM and CFIM subscores and FIM efficiency. Length of Stay (LOS), time since 

surgery, age, Charlson comorbidity index and discharge disposition were measured. 

Results: The patients’ mean age was 62.6 (± 13.5) years, and over half of the 
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sample were male (59.5%). The mean time to admission was 44.9 days from the onset of 

amputation, and the mean LOS was 13.3 days. There was a significant difference in FIM 

gain between Yes-PLP and No-PLP [p =0.043]. The study did not find statistically 

significant differences between pain groups based on FIM scores, subscores or FIM 

efficiency. Most (95%) patients were discharged to-home. 

Conclusions: The Yes-PLP and No-PLP patients whose pain was appropriately 

managed showed similar functional recovery during AIR for unilateral LLA in an FSRH.   

Key words: Lower limb amputation, Phantom limb pain, acute inpatient 

rehabilitation, functional independent measurements 

6.2. INTRODUCTION 

In the United States (US), approximately 185,000 limb amputations are performed 

annually (Owings & Kozak, 1998). It is estimated that two million amputees reside in 

US. However, it has been suggested that this population will surpass 3.6 million by 2050 

(Ziegler-Graham et al., 2008, Jones et al., 2012). Many lower limb amputation (LLA) 

patients experience a neuropathic pain called phantom limb pain (PLP). Phantom limb 

sensations, including pain, are sensations that are perceived to be arising from the limb 

region that is no longer present after an amputation (Casale R et al., 2009). The burden of 

phantom limb pain (PLP) in amputees has been previously described, with prevalence 

ranging from 51% to 85% (Nikolajsen & Jensen, 2001, Ehde et al., 2000, Ephraim et al., 

2005). The immediate post-amputation PLP incidence has been reported to be 

approximately 72%, with 67% persisting 6 months post-amputation (Casale R et al., 

2009). The immediate post-amputation incidence of other phantom sensations has been 
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reported to be 84%, and increasing to 90% at 6 months post-amputation (Casale R et al., 

2009). While the disease conditions that necessitate amputation may differ, the PLP 

prevalence appears to remain consistent across various etiologies. 

Numerous systematic reviews have been published regarding the treatment of 

PLP (McCormick, Chang-Chien, Marshall, Huang, & Harden, 2014, Alviar, Hale, & 

Dungca, 2011, Hsu & Cohen, 2013). Besides opioid use, pre-amputation anxiety has been 

suggested to predict PLP severity post-amputation (Raichle et al., 2015). In 2008, the 

Veteran’s Health Administration (VHA) provided a comprehensive clinical practice 

guideline that focused on multidisciplinary care of amputation patients extending from 

the pre-amputation phase through long term follow up (Group, The Management of 

Upper Extremity Amputation Rehabilitation, 2014). In addition to rehabilitative therapies, 

effective pain management is essential during all rehabilitation phases, which helps the 

amputee with early postoperative range of motion exercises and positioning (Klarich & 

Brueckner, 2014). Investigators have shown that interdisciplinary and analgesic 

approaches in managing dysvascular amputation patients have led to both earlier hospital 

discharge and improved mortality one year post-amputation (Stineman et al., 2008). 

Thus, appropriate pain medication use has significant potential to provide benefit at each 

rehabilitation stage including the transition to discharge. 

Comorbidities appear to have an influence on lower limb amputation recovery 

and prognosis. The Charlson Comorbidity Index (CCI) assesses disease burden of 

comorbidities and it has been most extensively studied for predicting mortality (Charlson 

M. E et al., 1987, de Groot et al., 2003). The CCI has been shown to provide good 
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predictive validity with various criterion outcomes, such as mortality, disability, 

readmissions, and length of stay (Charlson M. E et al., 1987, Rochon et al., 1996, 

Kieszak et al., 1999, de Groot et al., 2003). 

All Acute In-patient Rehabilitation (AIR) facilities submit functional outcome 

measurement data of amputation patients from the Patient Assessment Instrument (PAI) 

to the Uniform Data System for Medical Rehabilitation (UDSMR). The PAI contains 

demographic, medical, and functional information on each AIR-admitted patient. 

Embedded in the AIR-PAI is the Functional Independence Measure (FIM) instrument. 

Studies have investigated reliability and validity of FIM (Panesar et al., 2001). The FIM 

instrument can be used to measure each patient's functional status throughout their AIR 

experience (Granger, 1998). The FIM instrument is comprised of 18 items that include 13 

motor tasks (eating, grooming, bathing, upper body dressing, lower body dressing, 

toileting, bladder management, bowel management, bed-to-chair transfer, toilet transfer, 

shower transfer, locomotion-ambulation or wheelchair use, and stairs) and 5 cognitive 

tasks (cognitive comprehension, expression, social interaction, problem solving, and 

memory). All of the tasks are graded on a 7-point ordinal scale that begins with total 

assistance (or complete dependence, in which patients perform < 25% of the task) and 

finishes with complete independence. Overall, FIM measures the patient's functional 

status and indicates how much assistance is required for a patient to conduct activities of 

daily living (ADL). 

The presence of PLP may reduce the chances of successful rehabilitative efforts 

and prosthetic use, as it has been shown that patients using their prosthetic limbs nine or 
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more hours per day have less PLP than others who use their limb for less time (Casale R 

et al., 2009). Rarely studies have examined phantom limb pain impact on changes in 

different FIM scores for patients in a Free-Standing Inpatient Rehabilitation Hospital 

(FSRH). Therefore, the purpose of this study was to determine the differences in a 

unilateral lower limb amputation (LLA) patient’s total FIM (TFIM), motor FIM (MFIM) 

and cognitive FIM (CFIM) scores based on PLP status (yes PLP versus no PLP) when 

these scores were produced during completion of an acute in-patient rehabilitation (AIR) 

in a Free-Standing Rehabilitation Hospital (FSRH). As such, it hypothesized that PLP 

patients’ FIM scores and overall LLA patients’ admission FIM scores would be lower 

when compared to without PLP and overall LLA patients’ discharge FIM scores. 

6.3. METHODS 

6.3.1. Experimental Design and Setting 

A retrospective cohort study design was used to perform a review of subjects’ 

medical records.  First, a one factor between-groups design (Yes-PLP versus Non-PLP) 

was used to examine the effect of phantom limb pain status on TFIM score, MFIM score, 

and CFIM score variables during admission and discharge. Finally, by using an 

exploratory analysis correlation determined whether there is a relationship between age, 

time since admission, LOS, FIM gain, FIM efficiency and/or and CCI. 

Setting: The study was conducted in an FSRH in Lexington, KY, which follows 

the Uniform Data System for Medical Rehabilitation protocol in administering the FIM 

instrument.  
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6.3.2. Subjects 

The primary diagnosis of LLA, International Classification of Diseases, Ninth 

Revision codes V49.70, V49.76 and V49.75 and 353.6 who received AIR were reviewed. 

Records of all patients admitted with unilateral LLA diagnosis to an AIR facility during a 

35-months period, between June 2012 and May 2015, were reviewed. Once the patients 

were admitted, they received a standard inpatient rehabilitation program (3 hours per day 

of rehabilitation including physical and occupational therapy as indicated). Physiatrists 

provided routine inpatient rehabilitation management. Patients received follow up by the 

acute care amputation team on a consulting basis. Patients were excluded if they were 

younger than 18 years old or pregnant. The total LLA patients’ data were further 

segregated into 2 groups based on Pain, Yes-PLP and No-PLP, as well as rehabilitation 

status, either Admission or Discharge. 

6.3.3. Amputation Rehabilitation and Data Collection Procedures  

Patients presented with different etiologies necessitating LLA, such as 

dysvascular, traumatic and osteomyelitic. Additionally, the LLA patients experienced two 

separate AIR rehabilitation admission phases after amputation, one at a time prior to their 

prosthetic fitting (pre-prosthetic) and the other at a time after their prosthetic fitting 

(prosthetic). The investigation included both unilateral above knee amputation (AKA) 

and transtibial amputation (TTA) patient subsets in this LLA study. Pre-prosthetic 

rehabilitation emphasized residual limb management after surgical reconstruction to 

optimize future prosthesis fit. Prosthetic rehabilitation was aimed at strategies to increase 

independence in functional prosthetic limb use (Esquenazi A et al., 2002). Pain 
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management was an important component of both rehabilitation phases. Functional 

performance was evaluated using total Functional Independence Measure (FIM) scores, 

which has motor and cognitive subset scores. The study was approved by the institutional 

review board at the affiliated university. Retrospective review of medical records for both 

PLP and non-PLP diagnosed AIR was performed. No identifiable protected health 

information was collected. 

6.3.4. Variables 

This study involved one independent variable. The Phantom limb pain (PLP) with 

two levels: Yes-PLP and No-PLP.  

The dependent variables were admission and discharge TFIM score, MFIM and 

CFIM subscores and FIM efficiency. Additionally, Length of Stay (LOS), time since 

surgery, age, CCI scores and discharge disposition (to-home versus not-to-home) 

differences between groups were calculated. 

6.3.5. Statistical Analysis 

Descriptive data for all LLA patients included demographic characteristics, as 

well as descriptive numerical values for median and range of the various DVs. The LOS, 

time since surgery, age, CCI and discharge disposition (to-home versus not-to-home) 

were included. The inferential statistical analysis compared the admission and discharge 

FIM score differences between Yes-PLP and No-PLP, for the dependent variables (TFIM 

score, MFIM and CFIM subscores for admission and discharge; FIM efficiency). The 

FIM gain was obtained by subtracting admission median TFIM score from the median 

total discharge score. Data were tested for normality (Shapiro-Wilk Test) and 
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homogeneity of variance (Levene’s Test) to determine the parametric or non-parametric 

inferential statistics to use.   

The FIM score is an ordinal variable and so nonparametric Mann Whitney U tests 

were used to test for significant differences for each of the FIM scores between PLP 

groups. Pearson Correlation was used to determine the relationship between age, time 

since admission, LOS, FIM gain, FIM efficiency and CCI. Alpha levels were set a priori 

at .05 for all analyses. No attempt was made to correct the alpha level for multiple 

comparisons in this exploratory analysis (Pernegeret al., 1998; Keselman et al., 1979). 

Additionally, Pearson correlations were used to test relationships between both Yes-PLP 

data and No-PLP with FIM gain and efficiency. All statistical analyses were performed 

using SPSS Statistics, Version 22.0 (IBM, Inc, Chicago, IL). 

6.4. RESULTS 

6.4.1. Demographic and Clinical Characteristics 

Patient chart reviews revealed that 16 patients with bilateral AKA, 9 patients with 

bilateral TTA and 18 patients were discharged to acute care hospital due to their 

worsening medical condition such as shortness of breath, wound dehiscence, chest pain 

and stroke, so these patients were excluded from the analysis. The total unilateral LLA 

patients included 247 records from the FSRH that hosted the AIR between June 2012 and 

May 2015. The patients’ mean age was 62.6 (± 13.5) years, and over half of the sample 

was male (59.5%). The mean time to admission was 44.9 days from the onset of 

amputation, and the mean LOS was 13.3 days from admission to discharge. The majority 

of the patients in the sample had no PLP (71.2%), versus the remainder (28.8%) who fell 
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into the yes PLP category. Furthermore, 87.4% of patients presented with admission 

TFIM scores between 40 and 79, 7.7% had scores between 0 and 39 and 4.9% had a score 

greater than 80. Finally, 41.7% patients presented with CCI scores between 5 and 7, 

26.7% exhibited a score of 4 and 4.9% had a score greater than 8. The investigators 

performed descriptive statistics of all unilateral LLA patients and then stratified them 

based on pain type (Table 6.1). There was a moderate positive correlation between the 

combined FIM gain and combined FIM efficiency (r = 0.405, n = 247, p < 0.01), where 

the increase in FIM gain was correlated with an increase in FIM efficiency in both Yes-

PLP and No-PLP groups. The outcome measures for extracted sample data between June 

2012 and May 2015 were for all unilateral LLA patients based on PLP for admission and 

discharge. These data include TFIM scores, MFIM and CFIM component scores, FIM 

gain (discharge FIM – admission FIM) and FIM efficiency (FIM gain/FSRH LOS) for 

each patient (Table 6. 2 and Table 6. 3). 

6.4.2. Results for Phantom Limb Pain Comparison  

The inferential statistics showed a significant difference in FIM gain between Yes-

PLP (median and range, 33 and 7-50 respectively) and No-PLP (median and range, 31 

and 7-67 respectively) [p =0.043] (Table 6.2). Statistically significant differences were not 

observed between pain groups based on FIM scores, subscores or FIM efficiency (Table 

6.4). 

6.4.3. Discharge Destination and Complications 

Out of 247 unilateral LLA patients, 11 (4.4%) were discharged to nursing homes. 

Among 236 unilateral LLA, 10 (4.2%) were discharged to-home only, 176 (74.5 %) to-
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home with home healthcare and 50 (21.2%) to-home accompanied by out-patient therapy.  

6.5. DISCUSSION 

A cohort of unilateral LLA patients who were admitted to AIR in a FSRH from 

June 2012 to May 2015 was investigated in this study. The TFIM, CFIM and MFIM 

scores in individuals with Yes-PLP LLAs were compared to those with No-PLP. It was 

hypothesized that PLP patients FIM scores would be lower when compared to No-PLP. 

Based on the inferential analysis, admission and discharge PLP patients TFIM, MFIM, 

CFIM scores were not lower than non-PLP, so the hypothesis was rejected. This study 

showed that both Yes-PLP and No-PLP who’s pain was effectively addressed during AIR 

for unilateral LLA had similar functional recovery from admission to discharge. There 

was a high success rate, where approximately 95% were discharged from the FSRH to to-

home or to-home with home health or outpatient therapy.  

There were different etiologies and forms of unilateral LLA, where 71 out of 247 

patients were diagnosed with PLP. Considering that PLP etiological possibilities are 

numerous, Hsu et al. categorized PLP pathophysiology theories into four broad 

categories: (1) peripheral mechanisms involving abnormal activity in neuromas formed 

following nerve transection or in the dorsal root ganglion; (2) spinal segmental 

deafferentation effects; (3) central changes in the thalamus and cerebral cortex following 

loss of afferent input; and (4) psychological disorders /dysfunctions (Hsu & Cohen, 

2013). Investigators have alluded to ephaptic connections following peripheral nerve 

transection that may increase afferent signaling for increased afferent pain signaling from 

the periphery in PLP (Schley et al., 2008). Additionally, increased sensitivity to stimuli, 
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spontaneous nerve conduction activity in the neuroma, altered nerve conduction 

velocities, and increased sympathetic activity have all been postulated as potential 

sources of increased afferent pain signaling from the periphery in PLP (Schley et al., 

2008). Neuromas with chemosensitivity to catecholamines offer a possible explanation 

for PLP’s increased response to emotional stress (Wolpaw & Tennissen, 2001). 

Many patients in this study were on multiple pain medications for controlling 

their co-morbid arthritis, residual limb-related pain and PLP. Treatment options for PLP 

management are diverse (Hsu & Cohen, 2013). Pharmacological management has not 

been shown to be very successful in large studies. However, a wide variety of 

medications targeting PLP have been shown to be successful in small studies contributing 

only to Levels 2–4 evidence (McCormick et al., 2014). Numerous well-designed clinical 

trials and meta-analyses have suggested perioperative gabapentin use for an opioid-

sparing and analgesic effect (Schmidt, Ruchinelli, Mackey, & Carroll, 2014, Tiippana, 

Hamunen, Kontinen, & Kalso, 2007). Gabapentin’s beneficial role has been noted across 

several surgical categories treating PLP, including orthopedic surgery (Yan, Butler, 

Kurowski, & Perloff, 2014). Acetaminophen is commonly used in the perioperative 

setting, numerous non-amputation specific trials and meta-analyses have established 

acetaminophen analgesic and opioid sparing properties (Craig, Jeavons, Probert, & 

Benger, 2012, Buvanendran & Kroin, 2009). Non-steroidal anti-inflammatory drugs 

(NSAIDs), which are commonly used for managing inflammatory pain, have even been 

suggested to play a role in prevention of heterotrophic ossification following amputation 

(Baird & Kang, 2009). Other medications that have been used for PLP in this population 
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include pregabalin, tricyclic antidepressants, opioids, selective serotonin reuptake 

inhibitors, selective serotonin/norepinephrine reuptake inhibitors (Casale R et al., 2009).  

Furthermore, consideration in the current study given to LLA patients’ 

comorbidities that may be exacerbated by pain medication administration could have 

influenced medication choices. The LLA patients in the study were treated with one or a 

combination of the following medications: acetaminophen, membrane stabilizers 

(gabapentin, pregabalin), tricyclic antidepressants, opioids, selective serotonin reuptake 

inhibitors, selective serotonin/norepinephrine reuptake inhibitors and nonsteroidal anti-

inflammatory drugs. Future studies should examine the effect of different medical pain 

management options on the present questions based on pain characteristics (neuropathic 

or nociceptive), patient health status, associated co-morbidities that include liver and 

kidney problems, amputation type (AKA, TTA), and relevant personal and environmental 

factors (Casale R et al., 2009).  

Rarely have studies compared the PLP differences in unilateral LLA using FIM 

score changes from admission to discharge during AIR. Selected studies have suggested 

MFIM and amputation type as significant predictors of LLA patients’ rehabilitation 

outcomes (Karmarkar et al., 2014, Stineman et al., 2010a). Patients with PLP may have 

reduced successful prosthetic use (Casale R et al., 2009) and typically present with lower 

health related quality of life when compared with patients without PLP (Zidarov et al., 

2009). In the current study the TFIM scores, MFIM and CFIM component scores were 

not significantly different between the Yes-PLP versus No-PLP groups, but FIM gain was 

significantly different between these groups. This could be either because all these 
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patients were asked about pain by a physician and or other healthcare providers during 

acute care hospital stay and FSRH AIR stay and were treated for pain (Mandell, 2016). 

The other reason could be rehabilitation could be acting as a form of distraction and 

functionally effective prostheses can improve PLP, as shown in related studies 

(Trevelyan, Turner, & Robinson, 2016). Thus, it is probable that patients’ PLP or residual 

limb-related pain it did not interfere with their functional performance. 

Studies have shown that admission functional status predicted both functional 

gain during AIR, as well as survival and rehabilitation outcomes in LLA patients 

(Venkataraman et al., 2016). Investigators have shown that functional mobility levels and 

amputation type influence rehabilitation outcomes in AIR settings (Karmarkar et al., 

2014). Other studies have shown that older age, delayed admission, admission diagnosis 

of amputation, and comorbidities of dementia and stroke served as factors associated with 

poorer rehabilitation effectiveness and rehabilitation efficiency (Chow et al., 2014). 

Furthermore, a study investigating goal pursuit and goal adjustment as predictors of 

disability and quality of life (QOL) among individuals with a LLA showed that high 

disability levels were experienced from admission to rehabilitation up to 6 months post-

discharge (Coffey, Gallagher, & Desmond, 2014). In that study they reported that 

stronger goal pursuit and goal adjustment tendencies on admission predicted lower 

disability and higher QOL 6 months post-discharge (Coffey et al., 2014). In the current 

study 73.3% of patients had CCI scores greater than 4, which indicates moderate to 

severe co-morbidity disease burden. Patients who receive AIR can be expected to make 

comparatively greater gains than patients who receive just consultative services, 
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regardless of timing and clinical complexity (Stineman et al., 2010a). Future studies 

investigating pain, QOL and patient satisfaction in LLA patients would be beneficial for 

helping this patient population. 

6.5.1. Limitations 

This study was a retrospective study investigating AIR in a single FSRH facility, 

so the results should be confirmed in prospective randomized clinical trial. The patients 

in this study presented with varying medical complexity levels and, as a result, individual 

pain management regimens may have differed, which could have affected overall FIM 

scores and FIM gains, as well as group comparison outcomes. The clinical decision-

making process and outcomes could have been different in facilities that provide service 

for veterans and children as the duration of stay, baseline functional capabilities and 

associated co-morbidities could have been different. 

6.6. CONCLUSION 

Yes-PLP and No-PLP patients whose pain was appropriately managed showed 

similar functional recovery during AIR for unilateral LLA in an FSRH.  Inpatient 

rehabilitation with appropriate pain management appears crucial for achieving favorable 

functional outcomes in lower extremity amputation patients.  
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TABLE 6.1- Demographic characteristics of all lower limb amputation patients 

 

Demographic characteristics (Mean (SD)) 

Group Total Patients NPLP PLP 

N 247 176 71 

Age in yrs(SD) 62.6(13.5) 65.2(13.3) 56.5(12.2) 

Males 59.5% 55.1% 68.1% 

Females 40.4% 44.9% 31.9% 

Functional characteristics Admission FIM score [Data (%)] 

0–39 7.7% 7.9% 7.0% 

40–79 87.4% 85.8% 92.9% 

≥80 4.9% 6.3% 0.0% 

Health characteristics- Comorbidity Index [Data (%)] 

0–1 8.9% 3.9% 21.1% 

2–3 17.8% 19.9% 12.7% 

4 26.7% 28.4% 22.5% 

5–7 41.7% 42.6% 40.8% 

≥ 8 4.87% 5.1% 2.8% 

Time from surgery (Days) 44.9 (70.5) (211/247) 41.3 (66.7) (148/176) 53.8 (78.2) 63/71 

 

N- Number; NPLP-Non-phantom limb pain; PLP- Phantom limb pain. FIM-Functional Independence 

Measure; SD- Standard Deviation  
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TABLE 6.2- Functional independence measure scores all lower limb amputation patients based on 

presence or absence of phantom limb pain 

 

 

PLP- Phantom Limb Pain; N-Number; ATFIM (Admission Total FIM), DTFIM (Discharge Total FIM), 

AMFIM (Admission Motor FIM), DMFIM (Discharge Motor FIM), ACFIM (Admission Cognitive FIM), 

DCFIM (Discharge Cognitive FIM), FIMGain and FIMEff (FIM Efficiency), and N (number of subjects) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group  ATFIM DTFIM  AMFIM  DMFIM ACFIM DCFIM 
FIM 

Gain 
FIMEff 

Non-PLP 

  
              

Median 60 89 38 58.5 23 32 31 2.4 

Min 19 40 11 15 8 14 7 0.0 

Max 101 113 66 78 35 35 67 17.5 

N 176 176 176 176 176  176  176 176  

PLP               

Median 59 98 40 64 22 34 33 2.5 

Min 24 40 17 15 5 13 7 0.0 

Max 79 111 52 77 31 35 50 11 

N 71 71 71 71 71 71 71  71  
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TABLE 6.3- Functional independence measures sub-component scores for all lower limb amputation 

patients based on based on presence or absence of phantom limb pain  

 

 

Selfcare, sphincter care, mobility, locomotion, communication, social cognition) scores for all Lower Limb 

amputation (LLA) patients based on based on presence of phantom limb pain (PLP) or absence of PLP 

(Non-PLP). N-Number; Admission (A) and Discharge (D).  
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Total (PLP+ Non PLP) – N-247 

  
        

 
      

Median 24 
34 7 11 6 10 2 6 10 13 13 19 

Min 7 
0 1 2 1 1 0 0 4 6 6 7 

Max 36 
42 14 14 15 19 8 12 14 14 21 21 

Non PLP- N-176             
 

      

Median 
24 33 7.5 11 5 10 2 6 10 13 13 19 

Min 
7 0 1 2 1 1 0 0 4 6 6 7 

Max 
36 42 14 14 15 19 7 12 14 14 21 21 

PLP- N-71            
 

      

Median 
24 34 7 11 6 11 2 6 9.5 14 13 20 

Min 
10 0 1 4 1 1 0 0 5 6 6 7 

Max 
30 42 12 14 10 18 8 12 13 14 17 21 
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TABLE 6.4- Inferential statistics- mann-whitney u comparing functional independence measure based on 

based on presence or absence of phantom limb pain for unilateral lower limb amputation patients 

 

Mann-Whitney U 

Results  
Total N 

Mann-

Whitney U 
Wilcoxon W Z 

P 

(Significance) 

* 

ATFIM 247 6134.5 21710.5 -0.22 .82 

DTFIM 247 5626.5 21202.5 -1.22 .22 

AMFIM 247 5967.5 21543.5 -0.55 .58 

DMFIM 247 5766.5 21342.5 -0.95 .34 

ACFIM 247 6061.5 8617.5 -0.37 .71 

DCFIM 247 5342.5 20918.5 -1.81 .07 

FIMGAIN 247 5219.0 20795.0 -2.03 .04* 

FIMEff  247 5668.0 21244.0 -1.14 .25 

 

ATFIM (Admission Total FIM), DTFIM (Discharge Total FIM), AMFIM (Admission Motor FIM), 

DMFIM (Discharge Motor FIM), ACFIM (Admission Cognitive FIM), DCFIM (Discharge Cognitive 

FIM), FIMGain, FIMEff (FIM Efficiency), significant (*), and N (Number of subjects). 
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CHAPTER VII  

DISCUSSION AND CONCLUSIONS 

7.1. Discussion 

This dissertation presents several unique contributions to the lower limb 

amputation (LLA) and acute inpatient rehabilitation (AIR) literature. The exploratory 

retrospective data analysis revealed that FIM scores and FIM sub-components during an 

AIR program for unilateral above knee amputation (AKA) patients who were admitted to 

a free standing rehabilitation hospital (FSRH) from June 2012 to May 2015 were lower in 

the dysvascular etiology and in the pre-prosthetic phase, compared to the traumatic 

etiology and prosthetic phase. The results of this study showed that there were 

statistically and clinically significant differences for admission and discharge where 

dysvascular TFIM, MFIM, CFIM scores were lower than those from a traumatic etiology. 

Furthermore, admission and discharge pre-prosthetic phase TFIM, MFIM, CFIM scores 

were lower than from the prosthetic phase. The overall mean FIM efficiency in this study 

group was 2.8. The AKA patients had a higher percentage of comorbidities (78.6%) as 

they presented with a Charlson co-morbidity index (CCI) greater than 4. Given the higher 

prevalence of CCI score greater than 4, it is important to note that several patients could 

have suffered from ambulation problems prior to AKA. Studies have shown that 

increased health care costs, behavioral health problems, mortality risk and frequent 

hospitalization accompany increases in CCI (Charlson M. E et al., 2014). 

Several functional measurement instruments highlight activities of daily living 

during rehabilitation. These instruments include the Barthel Index (Treweek & Condie, 
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1998), FIM (Selles et al., 2005) and Sickness Impact Profile (Hawkins et al., 2014). The 

FIM was developed to uniformly assess the severity of patient disability and medical 

rehabilitation functional outcomes, and has been used in all AIRs in the US (Granger, 

1998). Studies have shown good reliability for the FIM (Hamilton et al., 1994). The FIM 

at discharge has been shown to be an independent predictor of successful 6-month 

outcomes in rehabilitation patients (Gabbe et al., 2005, Gabbe et al., 2008). Data 

supporting the benefits of AIR for patients with AKA in an FSRH using FIM scores to 

compare multiple etiologies and pre-prosthetic and prosthetic phases are lacking.  

When compared to other investigations, the current study has highlighted overall 

differences across FIM components and sub-components with analysis of the etiological 

group differences. Stineman et al. studied veterans with a new LLA of dysvascular and 

trauma etiologies, finding that patients who received specialized rehabilitation (which is 

similar to AIR) made greater MFIM gains than patients who received consultative 

services (Stineman et al., 2010a). They reported admission MFIM, discharge MFIM and 

MFIM score changes of 51, 73, and 18, respectively, in a specialized rehabilitation group 

that had 189 unilateral TTA, 111 unilateral AKA and 7 with bilateral AKA and TTA 

patients. Another major LLA study from a Veteran’s service showed that recipients of a 

specialized versus generalized rehabilitation during the acute postoperative inpatient 

period were associated with better FIM outcomes (Kurichi et al., 2009). In this previous 

study the specialized rehabilitation group had 163 unilateral TTA, 99 AKA and 6 bilateral 

AKA patients. Patients who received specialized compared with generalized care 

achieved a greater average improvement in physical functioning (18.7 versus 9.8 MFIM 
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points). The current study differed from Kurichi et al., as only 121 AKA patients’ records 

were accessed. Admission MFIM, discharge MFIM and MFIM score changes were 39, 

61, and 22 respectively. However, unlike Kurichi et al., the FIM score differences across 

etiologies, as well as across pre-prosthetic and prosthetic phases were assessed. In 

another study by Kurichi et al., which investigated the association of total inpatient costs 

and length of stay during surgical hospitalization among veterans who underwent LLA 

(Kurichi et al., 2013), average LOS was 39.2 days (SD = 61.7 days). The majority of 

patients in the current study were successfully discharged to-home after a mean AIR LOS 

of 13.3 days (SD = 4.8 days). It is interesting to note that patients in the current study 

started with lower admission MFIM scores but had greater MFIM improvement by the 

time of discharge and their LOS was less when compared to the previously reported 

studies. The Stineman et al. and Kurichi et al., studies were performed in a veteran’s 

affair medical center whereas the current study was done in an FSRH, which could 

explain why these results might have been different. 

Studies investigating the benefits of AIR for patients with AKA or TTA in an 

FSRH using FIM score for pre-prosthetic and prosthetic phases are lacking, the current 

studies fill this gap. Bhangu et al. has used the Houghton scale of prosthetic use to show 

that the overall functional outcome was poor in individuals with a combination of TTA 

and AKA with dysvascular etiology including a low level of ambulation, activity, and 

prosthetic use (Bhangu et al., 2009). Demet et al., investigated major LLA and found that 

a young age at the time of amputation and a traumatic origin, while controlling for sex 

and age, were independently associated with better Quality of Life (QOL) (Demet et al., 
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2003). In the current study there was a moderate negative correlation between age and 

amputation, where an increase in age was correlated with a decrease in traumatic 

amputation incidence, which has been shown in previous studies. Older adults are 

significantly more likely to experience dysvascular-related amputations compared to 

younger patients (Dillingham T. R, Pezzin, & MacKenzie, 2002). In addition, the other 

factors that influence prosthetic fitting and use include premorbid function, 

comorbidities, amputation level, status of the remaining limb and patient motivation. 

Prosthetic gait retraining is not possible in every older dysvascular amputee. However, 

almost all amputees might benefit from an AIR to increase transfer independence and 

support wheelchair skill acquisition (Fleury, Salih, & Peel, 2013). In the current study 

unilateral AKA patients of different etiologies who underwent AIR in an FSRH 

demonstrated significant TFIM, MFIM and CFIM score improvements from admission to 

discharge. 

In the current study, multiple chronic diseases have been operationally defined 

using the Charlson Comorbidity Index (CCI) (Charlson M. E et al., 1987). The CCI has 

been shown to predict survival and costs in relation to many different specific conditions 

such as diabetes and cancer (Charlson M. E et al., 2008, Charlson M. E et al., 2014). 

Huang YQ et al., conducted a study involving hospitalized type 2 diabetes nephopathy 

patients and found that in patients with a CCI greater than 1, 44.7% had mortality. In the 

current study among morality groups, 21.0% of patients had CCI scores between 1 and 2, 

56.7% had CCI scores between 3 and 4, and 22.3% had CCI scores greater than 4. The 

current study showed that survival time decreased when the CCI scores and mortality 



                                     Texas Tech University Health Sciences Center, Vittal R. Nagar, May 2018 

 
170 

rates went up (Huang et al., 2014). Out of all AKA patients in the current study 14.0% 

had a CCI score between 2 and 3, 78.6% had a CCI score of 4 or greater, which shows 

that many patients had significant co-morbid disease burden with higher risk of mortality. 

Studies of LLA patients have reported that the ratio of TTA to AKA has increased. 

However, overall postsurgical mortality (10-30%), long term survival (40-50% at 2 years, 

30-40% at 5 years), and risk of contralateral limb loss (15-20% at 2 years) has not 

changed significantly since the 1960s (Cutson & Bongiorni, 1996). The co-morbid 

disease burden and shortened longevity emphasizes the need for a timely 

multidisciplinary AIR after LLA surgery and emphasizes the need to enhance the QOL of 

this patient population. 

In the current study involving unilateral TTA patients the hypothesis was tested 

that FIM scores and FIM sub-components during an AIR program for the patients who 

were admitted to an FSRH from June 2012 to May 2015 would be lower in the 

dysvascular etiology, in the pre-prosthetic phase and overall at the time of admission 

compared to traumatic etiology, the prosthetic phase and overall at the time of discharge. 

Based on the inferential analysis, admission and discharge dysvascular CFIM scores were 

lower than traumatic, so one hypothesis was partially supported. Furthermore, admission 

and discharge pre-prosthetic phase TFIM, MFIM, CFIM scores were lower than in the 

prosthetic phase, thus the second hypothesis was supported. Finally, overall at the time of 

admission TFIM, MFIM, CFIM scores were lower than scores at the time of discharge, so 

the third hypothesis was also supported. The current study showed that 95% of discharges 

were to-home or home with home health or outpatient therapy indicating success of AIR. 
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The data that support the benefits of AIR for patients with TTA in an FSRH using 

FIM scores and sub-scores to compare multiple etiologies are lacking. In the current 

study admission and discharge dysvascular CFIM scores were lower than in the traumatic 

etiology group. Additionally, overall admission TFIM, MFIM, CFIM scores were lower 

than scores at the time of discharge for all TTA patients. There are some studies in the 

literature that have utilized FIM scores in an LLA population, but they have answered 

different research questions, such as the dysvascular etiology related finding (Peters et al., 

2001). Some investigators have highlighted overall differences across selected FIM 

components without a separate etiological group analysis. Stineman et al. studied 

veterans with a new LLA that involved 189 unilateral TTA, 111 unilateral AKA and 7 

with bilateral AKA and TTA patients of dysvascular and trauma etiologies. In that study 

admission CFIM, admission MFIM, discharge MFIM and MFIM score changes were 30, 

51, 73, and 18, respectively in a specialized rehabilitation group. In another study LLA 

patients that involved 163 unilateral TTA, 99 AKA and 6 bilateral AKA patients from a 

veteran’s service showed that recipients of specialized rehabilitation MFIM gains 

(median, 18.7) were higher than for generalized rehabilitation (median, 9.8) patients 

during the acute postoperative inpatient period (Kurichi et al., 2009). The current study 

differed from Stineman et al., as there were only 126 TTA patients and the admission 

CFIM, admission MFIM, discharge MFIM and MFIM score changes were 24, 39, 64, and 

25 respectively. However, unlike Kurichi et al., the current study outlined the FIM score 

differences across etiologies, as well as across pre-prosthetic and prosthetic rehabilitation 

phases. Another study by Kurichi et al., which investigated length of stay in 171 LLA 
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patients who were admitted to specialized rehabilitation, showed that average LOS was 

39.2 days (Kurichi et al., 2013). The majority of patients in the current study were 

successfully discharged to-home after a mean AIR LOS of 13.3 days (SD = 4.8 days). It 

is interesting to know that current patients started with lower admission MFIM scores but 

had greater MFIM improvement by the time of discharge and their LOS was less when 

compared to the previous studies.  

Studies investigating the benefits of AIR for patients with TTA in an FSRH using 

FIM scores for pre-prosthetic and prosthetic phases are lacking. In the current study 

unilateral TTA patients during the pre-prosthetic phase were found to demonstrate lower 

levels of admission and discharge TFIM, MFIM and CFIM scores compared to those in 

the prosthetic phase. Additionally, a study involving unilateral TTA or AKA (DM, PVD, 

and trauma) has shown that mobility rates 1 year after prosthetic utilization for unilateral 

TTA and AKA worsens with increasing age and a higher level of amputation (Davies & 

Datta, 2003). The TTA patients have been described in the literature as being less 

debilitated and more functional than those with AKA (Davies & Datta, 2003). 

Investigators have suggested the rehabilitation benefit by improved survival that exceeds 

4 years after discharge in a cohort involving bilateral TTA who had DM, PVD (Mac Neill 

et al., 2008). It is therefore expected that amputees with higher FIM gains would better 

perceive themselves as having a better QOL (Cox et al., 2011). One can therefore assume 

that TTA patients who undergo either or both pre-prosthetic and prosthetic phase AIR, 

would be able to better function in their environment, as they would have a higher FIM 

improvement level, leading to better self-image that could translates into a better QOL 
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perception. Thus improving physical and cognitive functioning by AIR debilitation can 

be decreased. 

No significant difference in admission and discharge FIM scores were found 

when compared to etiologies in TTA patients despite the fact that more of them had a 

dysvascular etiology compared to either an osteomyelitic or traumatic etiology. In the 

current study the traumatic TTA group scored better than the dysvascular group in the 

social relationships and communication domains. Finally, patients who are admitted for 

prosthetic rehabilitation had significantly higher CFIM and MFIM scores both during 

admission and discharge. This positive relationship between amputation, better functional 

independence and QOL has been documented in the literature in the past (Kelly & 

Dowling, 2008, Bernadette et al., 2004, Demet et al., 2003) and could be facilitated by 

AIR in this population. 

The current study investigated the effect of PLP in unilateral LLA with FIM score 

changes from admission to discharge during AIR, which has rarely been done in 

literature. The current study analyzed TFIM, CFIM and MFIM scores in individuals with 

Yes-PLP LLAs when compared to those with No-PLP. The study found that admission 

and discharge Yes-PLP patients TFIM, MFIM, CFIM scores were not lower than No-PLP. 

The study involved patients with dysvascular, traumatic and osteomyelitic etiologies and 

unilateral LLA (AKA and TTA). Among 247 patients there were 71 patients who had a 

PLP diagnoses. Many patients were on multiple pain medications for control of their co-

morbid arthritis, residual limb-related pain and PLP. Treatment options for the PLP 

management are diverse (Hsu & Cohen, 2013). However, a wide variety of medications 
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targeting PLP have been shown to be successful in small studies contributing only to 

Levels 2–4 evidence (McCormick et al., 2014). The LLA patients in the current study 

were treated with one or a combination of the following medications: acetaminophen, 

membrane stabilizers (gabapentin, pregabalin), tricyclic antidepressant, opioids, selective 

serotonin reuptake inhibitors, selective serotonin/ norepinephrine reuptake inhibitors and 

nonsteroidal anti-inflammatory drugs. The different pain management options were based 

on pain characteristic (neuropathic or nociceptive), patient health status, associated co-

morbidities such as liver and kidney problems, and amputation type (AKA, TTA) (Casale 

R et al., 2009). 

Some studies have suggested MFIM and amputation type as significant predictors 

of LLA patients’ rehabilitation outcomes (Karmarkar et al., 2014, Stineman et al., 2010a). 

Studies have shown that patients with PLP may have reduced successful prosthetic use 

(Casale R  et al., 2009) and lower QOL when compared with patients without PLP 

(Zidarov et al., 2009). In the current study TFIM scores, MFIM and CFIM component 

scores were not significantly different between the Yes-PLP and No-PLP groups, but FIM 

gain was significantly different between these groups. This could be because as pain is 

considered a fifth vital sign all these patients’ pain was effectively managed by healthcare 

providers during the acute care hospital stay and during FSRH AIR stay (Mandell, 2016). 

Other reasons could be that rehabilitation and prosthesis use might have acted as a form 

of distraction, and improved functionality could have led to improvement in PLP as 

shown in some studies (Trevelyan et al., 2016). Thus, it could be that if patients had PLP 

or residual limb-related pain it did not interfere with their functional performance. 
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In the current study, TFIM, MFIM and CFIM scores improved from admission to 

discharge both for Yes-PLP and No-PLP patients. Studies have shown that admission 

functional status predicted both functional gain during AIR and survival in LLA patients 

(Venkataraman et al., 2016). Investigators have shown that patients with AKA and those 

with admission motor scores less than 36.2 generally experiences poorer outcomes than 

those in other case-mix groups (Karmarkar et al., 2014). Chow et al., showed that factors 

associated with poorer rehabilitation effectiveness and rehabilitation efficiency were 

older age, delayed admission, admission diagnosis of amputation, and comorbidities of 

dementia and stroke (Chow et al., 2014). Coffey et al, has shown that stronger goal 

pursuit and goal adjustment tendencies on admission predicted lower disability and 

higher QOL 6 months post-discharge (Coffey et al., 2014). In the current study 73.3% 

patients had CCI greater than 4, which indicates moderate to severe comorbidity disease 

burden. Studies have suggested that, patients who received AIR can be expected to make 

comparatively greater gains than patients who receive consultative services, regardless of 

timing and clinical complexity (Stineman et al., 2010a).  

Additionally, the current study was performed in an FSRH, where the FIM gain 

was greater than the 75th percentile and FIM efficiency showed 90th percentile 

improvement when compared to the national simple mean during the AIR of unilateral 

LLA patients. We used case-mix group (CMG) adjusted national percentile benchmarks 

with 10th, 25th, 50th, 75th and 90th percentiles to compare simple means for the FSRH’s 

ATFIM, DTFIM, FIM gain, LOS and FIM efficiency. The facility’s mean score was 

better than the national mean in multiple measures, including the following comparisons: 
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admission TFIM national 63.2, current study 59.06; discharge TFIM national 86.0, 

current study 89.9; FIM gain national 22.9, current study 31.0; LOS national 12.6, current 

study 12.8; FIM efficiency national 2.1, current study 3.0; and time since surgery national 

55.7, current study 50.5. This comparison was performed to assess the participating 

FSRH’s performance compared to other rehabilitation facilities across the US. Thus the 

current study supports the need for AIR in unilateral LLA patients and has shown that 

AIR in an FSRH is an effective rehabilitation model.  

The AIR in an FSRH is not without risk of complication or transfer to acute care. 

Although functional gains in patients who transferred to acute care were not evaluated, it 

must be noted that 10 out of the 131 AKA patients were transferred to acute care. These 

events occurred with study patients during their rehabilitation course. Potential adverse 

complications in the AIR may include heart failure, arrhythmias, thromboembolism, 

stroke, bleeding, infection and wound dehiscence (Madsen et al., 2017). From a 

rehabilitation standpoint, these complications could lead to further functional impairment 

and deconditioning, which may delay a patient's ability to participate in rehabilitation. 

Therapy should be postponed during episodes of significantly symptomatic hypotension 

or desaturations below 90% (Organ Procurement and Transplantation Network, 2017). 

However, maintaining an appropriate training level during AIR and/or during out-

patient/home-health therapy within each patient's medical limitations is vital in 

maximizing function effectively and improving safety during care (Chu et al., 2014).  

The AIR criteria for patients with unilateral LLA irrespective of phase or etiology 

are similar to medically complex patients who are admitted for generalized debility. 
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Patients with unilateral LLAs who are appropriate AIR candidates should be 

hemodynamically and neurologically stable, and medically complex to warrant inpatient-

level medical care, and they must be able to participate in and tolerate 3 hours of 

intensive therapy, 5 days per week (Stineman et al., 2008). These patients must have 

rehabilitation needs (e.g., mobility, self-care, speech, endurance training) in at least 2 

therapeutic disciplines (physical, occupational, or speech therapy) that require intense 

rehabilitation. Identifying family support is necessary for family education about 

equipment management once the patient is discharged to-home. Additionally, patients 

should have clearly defined discharge settings and demonstrate the potential to meet their 

FIM goals upon discharge to-home (Stineman et al., 2008). Motivation, though not 

explored in the current study, has been documented in the literature as having a strong 

impact on functional outcomes (Greive & Lankhorst, 1996). Thus, the person who is 

highly motivated will participate in rehabilitation and will be more likely demonstrate 

better functional independence levels in spite of the physical and physiological 

difficulties he or she may face. In the current study, the main focus was FIM score 

changes with overall AIR without differentiating tools and equipment used during the 

process. Overall, the study has provided some valuable information about functional 

improvement during AIR for patients with unilateral LLA in an FSRH by showing overall 

improvement in admission FIM score and sub-scores when compared to discharge scores. 

Although the results should be replicated in a larger population prospective randomized 

controlled study, it cannot be overlooked that the actual sample from which the data were 

collected was from an FSRH facility. The results, therefore, should be interpreted and 
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applied with caution. 

7.2. Conclusion Statement 

The studies in this dissertation revealed that the unilateral AKA patients who were 

categorized based on etiology and phases were functionally different with lower 

functional independence scores during admission when compared to discharge from AIR. 

The majority of AKA patients were successfully discharged to-home. The FSRH should 

consider implementing AIR programs during pre-prosthetic and prosthetic phases for this 

growing patient population.  

When compared to admission both pre-prosthetic and prosthetic phase TTA 

patients were found to have better cognitive and motor functional improvements with 

AIR. Furthermore, dysvascular and traumatic TTA patients showed higher levels of 

cognitive functional independence scores during discharge when compared to scores 

during admission prior to AIR. However, these findings are considered exploratory and a 

more comprehensive study using a larger sample of the TTA population is recommended. 

The unilateral LLA patients who were effectively managed for Yes-PLP and No-

PLP showed similar functional recovery during AIR. When compared to admission 

overall, all unilateral LLA patients were found to have better cognitive and motor 

functional independence scores during discharge after AIR. 

7.3. Limitations of the Study 

The dissertation had several limitations. The study was retrospective in nature, so 

the results should be replicated in a larger population prospective randomized controlled 

study. The study included only patients admitted from a single FSRH facility. The results, 
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therefore, should be interpreted and applied with caution. The patients in this study had 

variety of medical complexity, disability, pain, functional and cognitive impairments. As 

a result, individual therapy regimens may have differed, which could have affected 

overall FIM scores. The clinical decision-making process and outcomes could have been 

different in facilities that provide service for veterans and children as the duration of stay, 

baseline functional capabilities and associated co-morbidities would have been different. 

Because there are clear differences in service structure and process within the veteran’s 

affairs versus private sector health care systems, outcomes might differ among children 

and veterans. Follow-up after discharge from the AIR was not performed. Follow-up 

would have permitted assessment of whether patients who attained functional 

improvement during AIR maintained the functional improvement over a course of time. 

Finally, racial and sex characteristics were not included in the analyses and thus there 

could have been missing information. 

7.4. Delimitations of the Study 

The study sampled a population with unilateral LLA with multiple comorbidities 

and lower baseline physical and cognitive function. As a result, the outcomes should not 

be generalized to populations with other comorbidities or disability levels. In addition, 

similar testing in individuals with bilateral lower limb amputation, children, and in a 

veteran population may lead to different results. Even though age was not correlated with 

functional outcome, the sample was limited to subjects between 18 and 90 years of age, 

and the relatively older age of the overall sample limits the application of the results to 

younger populations. Cost analysis was not included as a part of the study. The value of 
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functional recovery varies from facility to facility. 

7.5. Recommendations for Future Research 

Future research directions may include exploring long-term functional outcomes 

after AIR. Future studies could explore the impact of obesity, onset age of comorbidities 

and psychological factors on functional improvement with AIR. Future studies 

investigating pain, QOL and patient satisfaction in LLA patients would be beneficial to 

help this patient population as well as treating clinicians. Future research directions may 

include studying a larger patient population with unilateral or/and bilateral TTA and 

AKAs who receive inpatient rehabilitation to explore long-term functional outcomes after 

rehabilitation, to determine optimal rehabilitation protocols, and to implement controlled 

exercise programs. 

Future prospective randomized control trials may focus on identifying patients 

with traumatic or dysvascular LLA with equal clinical candidacy for AIR followed by the 

random division of those patients into groups that would receive and not receive AIR. 

These studies would need to adequately justify the random withholding of services 

considered clinically beneficial. Future studies might consider crossing over of different 

rehabilitation care and assessing functional improvement at different stages in the 

continuum of care to avoid withholding of services. In observational retrospective 

studies, it is essential to recognize that the decision to provide a particular type of 

rehabilitation (AIR, subacute, long term acute care, home healthcare, or outpatient) 

services is generally based on a clinical assessment of the patient’s potential to benefit 

and service availability (Observational Studies | Paul R. Rosenbaum | Springer, 
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1995). Future efforts need to be directed at assessing the influence of a wide variety of 

rehabilitation care approaches on functional outcomes. The ultimate goal should be to 

determine the optimal integration of rehabilitation within the bigger health care service 

model. 
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APPENDIX A 

The Abbreviations and Definitions used in this study can be seen below 

ADL-Activities of Daily Living  

AKA: above knee amputation (AKA) is a transfemoral amputation 

AIR- acute in-patient rehabilitation 

Bilateral- referring to both side of the body only (bilateral amputation in both leg). 

CARF: Commission on Accreditation of Rehabilitation Facilities 

CHRH: Cardinal Hill Rehabilitation Hospital  

CFIM: Cognitive Functional Independence Measure Score 

CVI: Chronic Venous Insufficiency  

DM: Diabetes Mellitus  

FSH: free-standing rehabilitation hospital  

FIM: Functional Independence Measure  

FIM gain (discharge TFIM score – admission TFIM score) 

FIM efficiency (FIM gain/LOS)  

ICD: International Classification of Diseases 

IRF: Inpatient Rehabilitation Facility 

IRF-PAI: Inpatient Rehabilitation Facility Patient Assessment Instrument  

Knee disarticulation — Amputation through the knee joint, femur intact 

LEA: lower extremity amputations    

Long below-knee amputation (TTA) — > a TTA that is transtibial, sustaining 50% of 

tibial length is sustained 

Long above knee amputation (AKA)- An AKA that is transfemoral, sustaining 60% of 

femoral length. 

LLA: lower limb amputations    

LOS: Length of Stay   

MFIM: Motor Functional Independence Measure Score 

PMR: Physical Medicine and Rehabilitation  
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Proprioception — afferent information arising from internal peripheral areas of the body 

that contribute to postural control, joint stability, and several conscious sensations. 

PVD: peripheral vascular disease  

Range of Motion- the total number of degrees a joint can move  

RCT: Randomized Control Trials 

Standard TTA- a TTA that is transtibial, sustaining 20–50% of tibial length  

Short TTA (transtibial) - a TTA that is transtibial, sustaining < 20% of tibial length  

Standard AKA- An AKA that is transfemoral, sustaining 35–60% of femoral length 

Short AKA- An AKA that is transfemoral, sustaining < 35% of femoral length  

SRU: Specialized rehabilitation unit  

TTA: Transtibial amputation  

TFIM: Total Functional Independence Measure Score 

UDSMR: Uniform Data System for Medical Rehabilitation 

Unilateral — referring to one side of the body only (a unilateral amputation in one leg).  

US: United States 

VAMC: Veterans Affairs Medical Center  
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APPENDIX B: Functional Independence Measure (FIM)Instrument 

The FIM scores are ordinal data, the various components (motor and cognitive) and 

subcomponents (selfcare, sphincter care, mobility, locomotion, communication, social cognition) 

Independent 
 

 

NOHELPER 7 Complete Independence (Timely, Safely);     

 6 Modified Independence(Device) 

Modified Dependence 
 

 

 

 

HELPER 

5 Supervision (Subject =100%+) 

 4 Minimal Assist (Subject =75%+) 

 3 Moderate Assist (Subject =50%+) 

 Complete Dependence 
 2 Maximal Assist (Subject =25%+) 

 1 Total Assist (Subject = less than25%) 

    ADMISSION DISCHARGE 

Self-Care   

A.Eating   

B.Grooming   

C.Bathing   

D. Dressing – UpperBody   

E. Dressing – LowerBody   

F.Toileting   

Sphincter Care   

G. Bladder Management   

H. Bowel Management   

Transfers/mobility   

I. Bed, Chair,Wheelchair   

J.Toilet   

K. Tub,Shower   

Locomotion   

L.Walk/Wheelchair   

M.Stairs   

Motor Subtotal Score   

Communication   

N. Comprehension   

O. Expression   

Social Cognition   

P. Social Interaction   

Q. Problem Solving   

R.Memory   

Cognitive SubtotalScore   

TFIMScore   
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are scored at the time of admission and discharge by certified therapist. Each 18 sections that 

form overall total FIM score would be graded from 1 to 7 levels as described below. 
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APPENDIX C: Medicare adopted a 5-level functional classification system (MFCL) 

which uses code modifiers (K0, K1, K2, K3, K4) to describe the functional abilities of 

persons who have undergone LLA, and to justify the medical necessity for a prosthesis 

Modifier Code Description 

K0 The patient does not have the ability or potential to ambulate 

 or transfer safely with or without assistance, and a prosthesis 

 does not enhance the quality of life or mobility. 

K1 The patient has the ability or potential to use a prosthesis 

 for transfers or ambulation, on level surfaces at fixed 

 cadence for limited household ambulation. 

K2 The patient has the ability or potential for ambulation, 

 with the ability to traverse low-level environmental barriers, 

 such as curbs, stairs, or uneven surfaces for limited 

 community ambulation. 

K3 The patient has the ability or potential for ambulation with 

 variable cadence. Typical of the community ambulator who 

 has the ability to traverse most environmental barriers and 

 may have vocational therapeutic or exercise activity that 

 demands prosthetic utilization beyond simple locomotion. 

K4 The patient has the ability or potential for prosthetic 

 ambulation that exceeds basic ambulation skills, exhibiting 
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APPENDIX D: Inclusion & exclusion criteria for all three studies 

Inclusion Criteria: Males and females between the ages of 18 and 100 years. All 

patients admitted to the FSRH during a 35-month period, between June 2012 and May 

2015 with admission diagnoses of unilateral Lower Limb Amputation (LLA) 

rehabilitation were retrieved. If patients were discharged to acute care hospital within 3 

days of admission and later if they returned back to rehabilitation, then 2nd visit was 

considered as a true rehabilitation stay. 

Exclusion criteria: Younger than 18 years or were pregnant. The patients who had 

bilateral LLA, who were discharged to acute care hospital for more than 3 days. 

 

 


