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Abstract

Chronic obstructive pulmonary disease (COPD) patients often experience lower limb muscle dysfunction and
wasting. Exercise-based training has potential to improve muscle function and mass, but literature on this topic is
extensive and heterogeneous including numerous interventions and outcome measures. This review uses a detailed
systematic approach to investigate the effect of this wide range of exercise-based interventions on muscle function
and mass. PUBMED and PEDro databases were searched. In all, 70 studies (n = 2504 COPD patients) that
implemented an exercise-based intervention and reported muscle strength, endurance, or mass in clinically
stable COPD patients were critically appraised. Aerobic and/or resistance training, high-intensity interval training,
electrical or magnetic muscle stimulation, whole-body vibration, and water-based training were investigated. Muscle
strength increased in 78%, muscle endurance in 92%, and muscle mass in 88% of the cases where that specific
outcome was measured. Despite large heterogeneity in exercise-based interventions and outcome measures
used, most exercise-based trials showed improvements in muscle strength, endurance, and mass in COPD
patients. Which intervention(s) is (are) best for which subgroup of patients remains currently unknown.
Furthermore, this literature review identifies gaps in the current knowledge and generates recommendations
for future research to enhance our knowledge on exercise-based interventions in COPD patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a

lung disease characterized by persistent airflow lim-
itation.! Nevertheless, many patients with COPD also
commonly experience systemic features, such as
impaired lower limb muscle function and muscle
wasting.? Cross-sectional research has reported that
quadriceps strength is reduced by 20-30% in patients
with COPD.? This observed decrease in strength is
proportional to the decrease in muscle mass in the
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majority of patients with COPD, suggesting the onset
of disuse-related muscle atrophy instead of
myopathy-related muscle atrophy.’ In line with this
reasoning, patients with COPD generally are less phy-
sically active compared to healthy peers,*> which is
directly related to lower limb muscle dysfunction.® A
decreased quadriceps endurance has also been estab-
lished in COPD but is more variable across studies
because of differences in test procedures.? This lower
limb muscle dysfunction clearly contributes to the
observed exercise intolerance and exercise-induced
symptoms of dyspnea and fatigue in patients with
COPD.” Moreover, lower limb muscle dysfunction
has been associated with a worse health status, more
hospitalizations, and worse survival.>

In turn, exercise-based interventions have the poten-
tial to reverse or at least stabilize lower limb muscular
changes in patients with COPD.>* Exercise-based pul-
monary rehabilitation programs are a cornerstone of
the comprehensive care of patients with COPD.’
Indeed, international guidelines state that exercise
training is the best available nonpharmacological ther-
apy to improve lower limb muscle function and muscle
mass in these patients.”'® The comprehensive Ameri-
can Thoracic Society/ European Respiratory Society
(ATS/ERS) statement provides only a short overview
of the effects of exercise-based therapies on muscle
function and muscle mass in patients with COPD,?
whereas actually the literature about this topic is exten-
sive and heterogeneous including numerous interven-
tions and outcome measures. A critically appraised
and detailed overview of the impact of this wide
range of exercise-based therapies on lower limb
muscle function and muscle mass in patients with
COPD is presented in this narrative review.

Methods
Inclusion and exclusion criteria

The included studies investigated the effects of any
exercise training intervention on lower limb muscle
strength, endurance, and mass in clinically stable
patients with COPD. Studies investigating the muscle
response to a single exercise test or a single exercise
session were excluded. Studies that specifically inves-
tigated the effect of an additional intervention on top
of exercise training were also excluded. The selected
studies needed to include original data, but there were
no restrictions regarding study design or muscle
strength, endurance, and mass assessment used. Only
studies published in English were included.

Search methods

Electronic databases PUBMED and PEDro were
searched for articles published from inception until
March 7, 2016. In PUBMED, the following search
strategy was used: COPD AND (exercise OR exercise
training OR rehabilitation OR pulmonary rehabilitation
OR physical activity OR aerobic training OR endur-
ance training OR resistance training OR strength train-
ing OR cycling OR walking OR neuromuscular
electrical stimulation OR NMES OR magnetic stimu-
lation). The search strategy was adapted to “COPD”
alone when searching in PEDro to identify all relevant
articles. Corresponding authors were contacted to pro-
vide full texts when not accessible via electronic data-
bases. Reference screening of available reviews in the
same field of research was also performed to expand
the search for eligible articles.

Selection of studies

Two reviewers (JDB and CB) performed the study
screening based on the listed inclusion and exclusion
criteria. In the first phase, both reviewers conducted a
part of the title screening in a conservative manner,
excluding only titles that undoubtedly did not fulfill
the criteria. Next, both reviewers screened all remain-
ing abstracts independently. Results were compared,
discrepancies between reviewers were discussed, and
a consensus-based decision was taken. Finally, full-text
screening was performed in a similar way.

Data extraction

Information on sample size, study design (for studies
comparing COPD with other disease states, only the
data from patients with COPD is shown and the
design described as single group pre post-test), base-
line forced expiratory volume at first second (FEV)),
age, exercise training parameters (frequency, inten-
sity, modality, session and program duration), assess-
ment modality, and relevant outcome measures of
muscle strength, muscle endurance, and muscle mass
were extracted from the articles. Mean relative
change (percentages of baseline) between pre- and
postmeasurements were extracted. If mean relative
change (expressed as percentage of baseline) was not
available, pre- and postvalues were used to manually
calculate mean relative change as percentage of base-
line: ([post — pre]/pre x 100). All extracted data are
presented in Tables 2—7 (according to training mod-
ality) and Figures 1-7. For Figure 4, a weighted mean
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Figure I. Study flowchart from identification of articles to final inclusion (based on the Prisma flowchart template).
IC: inclusion criteria; NMES: neuromuscular electrical stimulation; MST: magnetic stimulation training.

relative change (percentage of baseline) was calcu-

lated per study as followed:

(x1 X I’ll)

(e.g. study 1, with x; = mean relative change (per-

centage of baseline) and n; = number of patients).
Subsequently, an overall weighted mean per training
modality and per outcome measure was calculated:
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Figure 2. A) Pie chart depicting an overview of muscle strength measures used across the 70 included studies. B) Pie
chart depicting an overview of used isometric strength assessment modalities. MMT: manual muscle testing; uptwitch:

unpotentiated twitch; ptwitch: potentiated twitch.
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Figure 3. A) Pie chart depicting an overview of muscle endurance measures used across the 70 included studies. B) Pie chart
depicting an overview of muscle mass assessment modalities across the 70 included studies. MRI: magnetic resonance
imaging; DEXA: dual energy x-ray absorptiometry; BIA: bioelectrical impedance analysis; CT: computed tomography.
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Quality assessment

Methodological quality of randomized controlled trials
(RCT) or nonrandomized controlled trials were
assessed (Table 1). The PEDro scale, based on the
Delphi list and “expert consensus,” was used as a tool
to assess the quality of the studies.®'®* PEDro scores
were obtained from the PEDro database. If a study was
not found in the PEDro database, PEDro scores were
calculated for that study by two reviewers (JDB and
CB). Eleven quality criteria received a “yes” or “no”

answer and were summed (criteria 1 is not used in the
calculation) to a maximum score of 10 points.** Stud-
ies were considered of “good” to “excellent” quality
when scoring >6 points on the PEDro scale. Studies
scoring <5 points were defined as “low” to “fair”
quality studies.®® Studies using a single group design
with or without a healthy control group following a
similar intervention were not assessed.

Results
Search results

The study selection process is outlined in Figure 1. We
identified 9933 articles with our search strategy. After
title screening, 8843 articles were excluded,
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Figure 4. Effect of aerobic, resistance, combined aerobic and resistance training and NMES on various measures of
quadriceps strength in patients with COPD expressed as weighted means of relative change (percentage of baseline).
Values on top of the bars are the number of patients with COPD. NMES: neuromuscular electrical stimulation.
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Figure 5. Effect of different exercise interventions on quadriceps endurance in patients with COPD expressed as mean
of relative change (percentage of baseline). NMES: neuromuscular electrical stimulation; HF: high-frequency NMES; LF:
low-frequency NMES; HIIT: high-intensity interval training. *Significant change from baseline (within group effect: P < 0.05).
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Figure 6. Effect of different exercise interventions on muscle mass in patients with COPD expressed as mean of relative
change (percentage of baseline). T: thigh; LL: lower-limb; Q: quadriceps; RF: rectus femoris; IT: individualized training; NIT:
non-individualized training; NMES: neuromuscular electrical stimulation; HIIT: high-intensity interval training; DEXA: dual
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analysis. #Significant change from baseline (within group effect: P < 0.05).
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Figure 7. Effect of different exercise interventions on isotonic quadriceps strength in patients with COPD expressed as
mean of relative change (percentage of baseline). $Significantly different with aerobic training (P < 0.05 - between group
effect).



(panunuos)

¢o€10T

9 _ [ 0 _ _ 0 0 _ 0 [ SO “|e 39 sojenzands|d
4 _ [ 0 0 0 0 0 _ 0 _ S 1,900 “[e 39 sdijjiyd
€ _ _ 0 _ 0 0 0 0 0 0 ON 0/700T “[& 39 uolueyg
S _ [ 0 _ 0 0 0 _ 0 _ ON 15000 “[e 39 €83310
L _ _ _ 0 _ 0 0 _ _ _ SO 200 "€ 39 B3YS,0
8 _ _ _ _ _ 0 0 _ _ _ oN g5 10T e 39 349g4AN
L _ _ _ _ 0 0 0 _ _ _ SN sC00T “[& 39 49paN
9 _ [ 0 _ _ 0 _ 0 0 _ SO 451 10T e 39 sijodeN
9 _ _ 0 0 _ 0 0 _ _ _ S o700 € 39 Jopely
8 _ _ _ _ _ 0 0 _ _ _ DA (9910T “[e 39 0ppely
4 _ _ 0 0 0 0 0 _ 0 I S9N z¥00T “[e 39 pJeeds3uoy|
€ _ _ 0 _ 0 0 0 0 0 0 SO 2,510T “[e 39 ZewAey)|
9 _ _ _ _ 0 0 0 _ 0 _ oN 1200 e 33 JjoH
4 0 _ 0 0 0 0 0 _ _ _ oN ;7 10T “[B 33 Ya1naID
L _ _ 0 _ _ 0 0 _ _ _ ON ,1710T “[e 39 selrey
4 _ _ 0 0 0 0 0 _ 0 [ SO ¢,800T “[e 33 opeanoQ
9 _ _ 0 _ 0 0 _ _ 0 _ S9N 4¢/00T “[& 39 0s10D [eQ
S _ _ 0 0 _ 0 0 _ 0 _ SN 5, 710T “[e 33 A9r0D
S _ _ 0 _ 0 0 0 _ 0 _ SO 61000 “[& 39 >1e)D
€ _ 0 0 0 0 0 0 _ 0 _ SO 089661 “Ie 391D
€ _ _ 0 0 0 0 0 _ 0 0 oN o 10T 839 BaIBIYD
14 _ _ 0 0 0 0 0 _ 0 _ S9N ,010T “[e 39 uewelsng
»sC00T
9 _ _ 0 _ _ 0 _ 0 0 I S\ “le 33 uqeH-Aialinog
S _ _ 0 0 _ 0 0 _ 0 _ S 99666 | “[€ 33 pJeuiag
4 _ _ 0 0 0 0 0 _ 0 _ SO ,800T “[e 32 Jopuexaly
0] uo Ajjiqelaea pue  suostiedwod  sisAjeue 3eadl dn-mojjo} sdossasse sisidessyy s1dalqns Aljiqesedwod uOPEIO|E UOIIEBIO|R  BLISIIID uonedljqnd

9J0Ds [eJ0] SajeWIIS? Julod dnou3-usamiag -ol-uonuaiu| enbapy

pung

pung

pung

aujjaseg

pajesduo) wopuey Au[iqidi3

Jo Jeaf ‘Joyany

‘A|leonaqeydje payjued aJe saIpniS ‘W3sAs 3ulJ0ds 0J3d Y3 UO paseq S[eld) Pa||0JIu0d PaZIWOpUEI-UOU pue S| )Y Jo Aljenb [eoiSojopoylaw Jo Juswssassy *| dqeL

188



4 I 0 0 I 0 0 0 I 0 | SoA ,510T “[& 39 luiuez
2 I 0 0 0 0 0 0 I 0 | ON »,C10T “[E 33 JUBQUOA
L I I 0 I I 0 I I 0 | °N gcC 10T “[B 33 ASZIPOAIA
¥ I I 0 0 I 0 0 I 0 0 °N ¢1010T “[€ 39 ASZIPOAIA
4 I I 0 0 0 0 0 I 0 | SSA 67 10T I8 33 BIIBIA
6£600C
L I I | 0 I 0 0 I I | SSA “[e 39 SULISISAN UBA
S I I 0 0 0 0 0 I I | SO (-000T “[E 33 S431500.4]
S I I 0 0 0 0 0 I I | ON 6,510T “|& 39 Jlwdpse|
9 I I 0 0 I 0 0 I I | SOA g9C00T “[€ 32 3n.ds
4 I I | 0 0 0 0 I 0 0 SSA ££00T “€ 33 udljumiS
9 I I 0 I I 0 0 I 0 | SO g1 0661 ‘e 39 uosduig
9 I I 0 0 I 0 0 I I I SSA 2,¥10T “[e 39 U3[|IS
S I I 0 0 0 0 0 I I | SOA oS 10T “[E 33 1Y[eS
9 I I 0 0 0 0 I I I | °N 17 10T “[e 33 sowey
4 I I 0 0 0 0 0 I 0 | ON e 1 10T “[€ 39 35q0Ud
0| uo Ajiqelsea pue  suosiiedwod  sisAjeue 3eaJ3 dn-moj|o} sdossasse sisidessyl s1dalgns Alljiqesedwod UOIIEDO|[E UONEIO|[E  BLISILID uonesignd

94035 [€10] sa1BWNSS Julod dnoud-usamiag -ol-uonusiu| arenbspy  puig

pullg

pullg

au|aseg

pajeaduo) wopuey Aniqidi3

Jo Jeak ‘oyany

(penunuod) | aqe L

189



‘san[eA Sujuresy 3sod uo paseq dustaylp sdno.ud usemiag,
"(xapolg 3-9) Ja1oWOWRUAP Paz14IndWod BIA Pa.Nsed)y,
"Wo1sAs 93ne3-ule.3s BIA PaUNSes|y],

"PEO]JIOM [BUWIXEW

plead :xewpieadpa ‘sisAjeue aduepaduwi [e311329]901q 1y|g ‘UOIIDEIIUOD AIBIUNJOA WNWIXBW DAL PUOIDS | Ul SWN|OA paJldxa paduoy :! A34 {[elil Pajj0.JIuod paziWopuel :| DY Juedyiudis Jou su

- Jsu
sdnoJ8 usamiaq su %€'8! (500 > 9d) W1 (v19) 8] o] Jamoj ssew 3psn}y
- Jsu
sdnoJ3 usamiaq su %E'8l (S00>9d) YL  (VIg) 33 3yl Jamoj ssew apsn}y
- Jsu 'SINUIL (9 03 Pasea.dUl ® 1D w1 i1sD (D) 1013u0d 9| 10T
sdno.3 usamiag su %05 (500> 9 uL M2 B3| L4y | (Myxg) xPam g AjaaissaiBold ‘Bupjem Jo seanuiw of 1oy (01) 5941 (91) 95 4L ‘(41) Buren g| :qdOD b€ e 39 serey
‘sdnoJ8
430q J0} UORUBAISIUI (sanjea (DH) sjo4auod
“eadpn Jo %08 01 dweg ‘sasAjeue dnoudqns IA34 @anjosqe) paydiew Japuas pue
- JH su dn passauSo.d pue Ajlenurdjeadpp Jo  yam Apnas uonuaAlaiul () 65 OH 7(20) £€:DOH 98 Ayajeay pue Aseuapas g 512102
»(500 > 4) @dOD < DH - adod su (W/XE) SIPIM T| %08 38 J233W0343 A Isanuiw Gy pajlossuoduoN  (¥) 79:adOD *1(91°0)§'1:Ad0D ‘adod g “e3e unzng
Luonsneyxa
01 dn (nuiw Jad s3uswLAOWw
1) DAW %0€ 03 3uipuodsa.iiod
- Jsu SIYSI9M YJIM UOISURIXD 'saINUIW O§ 01 pasea.oul ApAissa.Soud 2oUEISIp Sunjjem
(500>9) D<¥lL %9'85 | (8000 > 9) YL 3o] dlweudp :ddueanpus sdadlipend) pue saanuIW g| | :uonednQg pue ‘A1119A9s aseasip ‘a8e
- D su “eadAn JO %G9 03 aseaIUI BAISSDIS0.] [eli3 paj|03uod (€1)¥S D (9) €9:D 4oy paymrew (D) |0u0d £ 5010C
(500>d) D <L %1l (80000 >d) ¥l (wxg) spam - Sfeadan Jo %8¢ 3e Alleniur BupAd pZIWOpUBIUON {02) L¥ 4L (6) 79 WL ‘(41) Buwren 0] :dOD LI “e 3 ASTIPONA
(M § ym
PaSES.DUl PEOJYIOM ‘PIIBIS|O) SEM (DH) sjo-nuod
- - su PEOPJIOM J1) XEWAA [ERIUI JO %05 (suippseq Ajuo DH) (1) €5 DH (¢0) v6 DH payoew-age ‘Ayjeay g 41800T
- %011 y00=4d . (m/xg) syPam 7| 38 J239WO0RI 3J241 Jo saanuIw 0g—(| 3s93-3sod a.d dnous sj3uig (9) 09 :adOD ‘(6) 67:0dOD ‘QdOD L “IB 33 ASZTIPOAIA
sdnoJ3
30q J0j UOIUSAISIUI
aweg 'sasAjeue dnoudqns (DH) sjo-nuod
- DH su q(sPuo23s/,09) XEWAA [ENPIAIPUI JO %08 YaM Apnas uonuaAsaIul (@ oLDH (8) 801 :DH payorew-ae ‘Aypeay g £00T “B 3
paxiodas 10N %9°€1l (€000 =4d) QdOD >naupjos :anb.oa >ead sdedupend)  (M/Xg) SYPEM 7| 3B J939W0RU 9]IAd JO saINUIW G paj|0.aucduoN (1) T2 :adod ‘(€) 6£ :adOD ‘adod 9 iZIyy-Wopey
- %88l s00=4d Y221M1 panenualod
- .NN&H 6700 = Q Yaaimy ﬂwum_ucqun_cD S9SIDJ9X3 Mr__r_uuw‘_uw pue ,mu_cwr_uw__mu u 100T
- %611 100> d (m/xg) paom g wpea.3 pue J33owodsz 3pA) Is93-asodaud dnoaBaBuis  (7) 0£°adOD (k) S¥:AdOD adod 1T “[e3 Jopey
Sunes wnwixew paniwij-woidwis o
Buipuodsauiod Bune. ssaussa|yrealq
Luonsneyxe 810g MOJaq JO J& 3SIDIBXD [|IWpEa)
|3UN WNWIXeW JO %0§ 8 UORJRIIU0D ‘Answod.s 3uphd ‘Answosie wue
- - SU DLIIBWOS] :92UBINPUS UOISUSIXS 33U Buiquuipd Jreas ‘Sujem :sasidIaxd 11L661
- %17l 1000 >d ,21IdWOs! :yaduaJas UOISURIXD BdUY  (M/XE) SYPM 9 quul| Jamo| pue Jaddn iseanuiw G| 3se3-3sod aud dnoud sjduig (2) 69 :adOD (€) 1¥ :adod adoD 07 “B39|pUUCq,0
(a8ueyd %) (suijaseq %) Bujuremsod $24NsEaW dWodINQ uone.anp Apnig uonuasul Apmg udisap Apmg () a3e (gs) ueay (pa121pa.dy;) (u) suaned uonedliqnd
sdnoJ8 usamiaq 150d 01 sdnoJ3 uiyum A3 (@s) ues|y Jo JaquinN  Jo Jeak Joyany
ERIVENEIT) a4d adueyd dUIBYIP
uedyIuSIS uedyIuBig uedyIudig

‘8uluresy s1qousy T dqeL

190



(panunuod)

"PaASIYdE 9q p|nod
sda. aAl Auo Run 35 §'7 yum

pasesJoul peoT "Iy | 4O %06
—G8 1e (s89] 3y3ie.as 01 seauy

- Dsu puaq ,06) ssa.d 89| (asa. €19 9 or:D (D) 10auod 9 (yL) 1200T
(S00>9d) D <¥L %I°LTl (500> 9) ¥L ss24d 33| Y| (M/xg) HpPam g s9INUIWI 7) sdu G 4o S19s 1y L 10y (1) €9 dL (¢) €€ YL Buuren 9:Qdod Tl “Ie 39 goH
- D su
sdno.3 usamiaq su %Ll (500> d) YL (W) sdedripenb yso
- D su
(100>d) D <¥L %S9¢€l (10°0>d) YL ssa.d 33| WY §
- Dsu q(sPu029s/,081)
(500>9d) D <L %1'511 (500 > d) YL 2nBUDIOS! :UOISUBIXD BB
- Dsu 4(spuodas/,09) d1aUDIOS! WY | JO 9,08 3 UOIX3]} 33W)|
(500>9) D <Yl %8/ (500> 9) WL 1UOISUIXD d3UY| PUE ‘UOISUIX3 23| ‘ssaud
- Dsu gHawos! 33 (3524 saanuiw §—7) sdau @sLD €) ¥ D (D) [043u0d 7 (Y1) 0zP00T “e 32
(500>9) D <¥L %LYIL (500> 9) WL DAW $dLIPEND  (M/XT) SHPIM T § 4O $IBS { ISINUIW 09 YL 1o¥ () 12 L ‘(b) 8% 9L Buuen 9:adod €l p-reeds3uoy|
qSPu022s
09 10} suondE.IUOd
pareadad :(spuodas
S su /50£) 2112UD|OSI HJoMm
(zo0>d) D <¥L ofozel (500> d) WL 3psnw Apogq Jamon WY
“q(spuodas | J0 %0/ e (sBuLnswey pue (OH)
/,0£) 2n2upjosi :ypdus.ns ‘uoixaly 23wy ‘ssauad 89| ‘slund sjo.auod Ayjesy 7§
sdno.g usamiaq su - pawiodau 10N appsnw Apoq Jamor w.ie ‘snwissie| ‘J[ed 1enbs ©1) 15 OH (91) 601 DH (D) 10u0d
21U030s| ‘enbs Apoq ‘ssaud youaq) (oD (€7) 6D £1 “(41) Buure £1000T
(1000>9) > <¥L - paiodal 30N ‘tpdusaas sdodupend  (M/X) SpPm 7| $3s1249%3 g 40 sda4 0 YL 10y o1 15 ™ML (€0) 92 L 97:adOD £ “[e 39 D
‘dn de3s pue 9ods
ay) uo 3upjjem ‘sareusane
J|Bd ‘sosied J|ed ‘asidUaxa
sdasiupenb ‘Buipuers o3 Sunais
(spuodas ‘sdn-ssaud |jem ‘asidiaxs
0€ Ul suonnadau [eUlWOPQE ‘s9P2.1> Suisea.udap
- Jsu JO Jaquinu) ddueJINpUD pue Buiseauour ‘Sulpad we
(1000>9 D <YL osdeu gzl (500> 9) WL 3|2snw dJuocIos| 1INy ‘Bul2412 JSp|NOYS :SPUOISS (D) |043u0d
- Dsu qUrBua.ns 09 03 dn Qg 10§ asidJaxD A1aAd (8) 55D (21) ss D 91 ‘(41) Suuren 119661
paiodau 10N - Wl su Jasnw d1auUP|os|  (M/X/) $PPM 7| :weJ3oud as1dUaxa dwWoH 104 {(8) 85 ¥l (67) $9 :¥L  uN2JD 7€ :adOD 8 “[e 39 gD
- D su G2lvwos!
paiiodau 10N %p'STl (100> 9) WL :ya8uaaas sdodripend
- Jsu
paiodal 10N %911 (100> 9) ¥L WY | sso.d 857 WY | J0 %5805 e ssaud (D) 1043u0>
- Dsu 83| pue ‘Uoisuaixa 3a) ‘N> 9 oLD (10 6€D 1 ‘(4.L) Buuren 12661
paioda. 10N %l (100> d) ¥L WY | UOIsUIXD 23Uy (M/XE) SpPam g Wik Jo sdau (] JO SIS € YL 10y (9) €L (e1) oy WL b1:adOD 8¢ “[e 39 uosdwig
(98ueyd %) (suipeseq %) Buuresy 1sod saJnseaw awoInQ uoneJnp Apmg uonuaAIul Apnag usisap Apmg (A) =8¢ (gs) ues|y (po11paudy) (u) sausned uonedgnd
sdnoug 1sod sdno.3 IA34 (@s) uesly Jo JaquinN Jo Jeaf “doyany
usamiaq o3 a.d uiyam
ERIVEVENT) a3ueyd CRIENEIT)
uedyIuBIS uedyIuBIS uedyIudIS

‘uiure.y aduelsisay °¢ djqe|

191



(panunuo>)

(Wy
| J0 %08 01 passaJdoud) Y |
10 %09 28 yadua.aas quui| 4addn

pue (auswdinbs uoisusxa

Gl3swos| 33| pue puaq 3a| uo uoisuIXd
- %b 111 €00 =4 DAW UoIxaj v puE UOIXa|} 23U>]) quil|
2MIdBWOS| Jamo (3se4 seInuiw ¢—7) sdaud 1s93-3s0d
- - su DAIW UOISURIXD 23Uy (M/XE) HPPIM g O 4O $I9S € saInuw 09 WL 24d dnoud ajduis (2) £9:ad0D (21) 8v :adodD adoo €l
%6011 (1000>d) DH  (punosenn) ssawpiys (spuodas/.08| Jo ApopRA
paiiodau 10N %171l (10000 > d) AdOD sjpsnw sdedripend Je|n3ue 38 SUONOB.IUOD
%5611 (10000 > 9 DH (punosenjn) 99Uy| 213DUD|OS] [BUIIXBW 'sdnoJs yoq
paiiodau 10N %817l (10000 > 9) AdOD VSO sldowdy smday 0€ JO s395 §) JerewWoweruAp 1o} uonuaAJIUl
%p'Sl (1000 > 9) DH 2132UI|OS] UB UO swreg ‘sasA[eue (DH) sjoauod
paiiodau 10N %Sl (10000 > d) AdoD  (vX3Q) ssew ues| ydiy 8ulure.) 95UBISISSI J1IBUDOS] dnou3qgns yum payew-ade
%€ 111 (¥z00=4d) DH g2HIdwWos! Ausuaaul y3iy ‘quui| Jamo|  Apnas uonuaAsIUl ($) 99 :OH (22 £01 DH ‘Apeay 6| 29210
paioda. 10N %00zl (10000 > 9) AdOD DAW sd2d1peNd  (M/XE) SpPIM g ‘[eIdle|q JO SAINUIW OE YL paj|o-3uoduoN “(8) 89 :ad0D “(e1) L¥ :adOD ‘adoD S “|e 39 uoualy
(puodas/ 08| jo A1d0oA
%1°Sl (#000 = 9) DOH JejnSue 7e sUoNdE.NUOD
paiioda 0N %€l (€000 =4d) QdOD  (vX3Q) ssew ues| Y3y 23U>| 21BUDIOS! [BWIXEW 'sdno.3 yaoq
nw:v._ou 0€ JO 5195 G) Ja1PWowWeuAp J0j uonuaAINUI
- DH su  >jead cpaupjosi :y3dua.as J139UBOs! Ue uo swres ‘sasAjeue (DH) sjoJauod
paiiodau 10N %trstl (1000 = d) adod 113U9du0d sdadLipend 3ululea) 9oURISISSI d1IBUDOSI dnouSqgns yum paysiew-ase
%1011 (9900 =d) DH  genbuod ead dLaWos! Ausuaaur y3iy ‘quui Jemo|  Apmas uonuaAIRIUI (@) £9 DH (9) €01 DH “Aypeay £ LZ8C10T
paiioda. 10N %t€ll (2000 =d) adod ‘Ya8ua.as sddLpend)  (M/XE) HPIM g ‘[eJdIE|Iq JO SAINUI OF YL p3||o43uod-uoN “(2) £9:ad0D “(9) 9% :adoD ‘adod Tl “[e 39 uously
(sda. g jo s195 §) sosIOXD
pueis 03 uis pue dn deis
+ (umop 3uam s3.103s 3dYy J!
paseaudul AjpAissaaSoud) |y |
10 9%0/—09 38 sauIydRW IYSIom
g2HvWos! UO s}Ind 85| pue UOISURIXD 1s93-3s0d ez 10T
- %8TTL 1000 > d ‘Y8ua.ns sdadlpend)  (M/Xg) SPaM £ 8o sdougjoses gyl 2ud dnous ajdui (8) 89 :ad0D (17) 9¥ :ad0oD adoD €y “[e 33 usyanoy
‘PaAdIydE dJam sdau
T JO 519S € USYM pasea.dul
SEM [9A3] DUEISISDY
'ssa.ad 3sayd pue sadun| ‘mod
pa1eas ‘puels-03-1s ‘Sunyl|
,21LIBWOS! paze|nwis ‘uononpqe diy
sdno.8 usamiaq su - paiodau 10N :ya8ua.ns Jodnpqe diy Bulpuess :s951249X7 "9dUBISISD. (D) |043u0d
;2HIawWos| Suisea.oul Jo spueq Jnsefd (o) 89D (@D ¥ ‘(41) Suiuren 22L00T
(100>9d) D <¥L - pauiodeazoN  :ypduans Josualxe daUY  (M/XE) HeeMm 7| Isurede |\ 7|8 JO $I8S € YL 10Y (£) 29 ML (ST 6v WL 07 :adOD ¥ “[e 39 ®3YS,0
(38ueyd %) (suljaseq %) Suiuren 3sod S3JNSEaW dWO02INQO uopeanp Apnig uonuaAIUl Apnig udissp Apmg (A) =28 (gs) ues|y (pa11paudy) (u) sausned uonedgnd
sdno.3 1sod sdno.3 'A34 (@s) uespy Jo JaquinN Jo Jeak “Joyany
usamiaq o3 aud ulyIm
ERITENEYIT) adueyd ERTENEYIT)
wedyIusig wedyIusig wedyudis

(penunuod) *¢ a|qe

192



‘Answondaosqe Aed-x A8uaus [enp

"3|qe|IleAR S9N[eA 9IN|0sqe AluQ,

"anjeA 3ujure.n 3sod uo paseq a>udJayIp sdnous usamiag,
*J913WOWRUAP P[oy-puURY BIA PaUNSES|\],
"Xapolg ‘9|dwexa 1o} 4aI3WoweuAp paziiaIndwod BiA paunses)
‘w21sAs 93nes-ulea3s BIA paJnses|,],

2wX3AA ‘Buidewi sduBUOSAU d139USBW Y| ‘BOJE [BUOIIDDS-SSOUD 1\YSD

‘UO139BU3UOD AIBIUN|OA WINWIXBW ‘) ALA UOILIDXD PAAIDIAd JO B3 :3dY {PUOIDS | Ul SWIN|OA paidxa paduoy ! A4 ‘wnwixew uonnadad (| Y {[eldd p3]|[0.JIU0d pIZIWOPUE. :| )Y ‘Juediyusis Jou :su

._Aw:o_u_umn_w‘_
0€) >HoMm [e03

*sdau 07 < sw.opad pue
8Jog uo § > sa.4ods syusned
I pueq d13SE|3 JO UOISUR
Buiseaudul Aq pasea.dul
[9A3] @dURISISRY Y

- Jsu 2139UP|Os] :PdUBINPUD GT 3® S9[ISNW quil| JOMO]| pue
8100=9) D < ¥l %5111 (500> 9 ¥l JOSuIXa d2UY| Jaddn sasiouexs pueqessyy (D) j043u0d
- DJsu q2haunjos! anseje (asad anuiw |) sdau (9) 89D (s1)ssD 0z ‘(41) Suuren 25 10T
(e000=d) D <uL %81 (S00>d) UL :Yp3ua.s JOSURIXD BBUY  (M/XE) HIPIM g GT JO SI9S T IS2INUIL 09 YL 10y () 69 WL (11) 68 ™ML 07:adOD 0F  “[e 32 BIedAN
(s30s
Buippe Aq pasea.oul peoj) 1sa1
Soue3sisa. andney B UO paseq
Ajsuayul ‘(3sad saanuiw €
—7) $39s £ 03 T isdMNUIW 09113
(W 1 30 %08
01 passaasoud) Y | JO %09
1B SaUIYdBW IY3I9M UO UOIX3|)
%0611 (1000 > 9) 13 £2H32WoOs| MOqa ‘UoIXalj puE UoNINpqe (4O pue uepaw (13) Suigm
vmn_so._m udaMIaq Su %5911 (1000>9) 1D DAW UOIXa|) 93Uy J9p|noys ‘uoisuaixa (YOI pue uelpaw) -+ sanjeA 2IN|0sqQy) ansep /] ‘(1)
%TENL (1000 > d) 13 Ll8WOs| puE uoixaly 23U sdau (69-09) £9:13 (511 1'1:13  Buluress jeuousAuod 10T
psdno.3 usamaq su %811 (1000> 9 LD DAIW UOISURIXD 33U (M/XE) HHIM 8 (] JO SI9S € ISAINUIL 09 11D 1oy (89-19) 991D A (F1-1) €1:LD L1 :AdOD v€ “[e 33 sowry
(38ueyd %) (suijaseq %) Suiure.s asod S3JNSEAW 3WOINO uoneinp Apnag uonusAIUl Apmg udisap Apmg (A) 23e (gs) ues}y (pa321paady) (u) sausned uonedignd
sdnoug asod sdnoug IA34 (@s) uesly Jo JaquinN| Jo Jeak “doypny
usamIag o1 aud uyum
ERIVENENIT adueyd ERIVENETIT
uedyIuSIS uedyIuSIS uedyIUSIS

(penunuod) ‘¢ sjqe

193



(panunuo>)

(yoeoudde
[enpIAIpu) squil| Jamo| pue Jaddn
4(Pu023s/,06) suonde.nUCD 8uaJas ‘(anui | X ]) 914X We (OH)
[BWIXBW G| :DNBUDOS pasioddnsun ‘sanseuwks saanujw g ‘9ied s|o3uod Ayeay g¢
- %0zl (100> 9) adod v :2dueINpUd sdadlipend) panwi| woidwiAs mojaq asnl seanuiw (g (auraseq (1) 79 OH (€) 111 DOH (4) pessjdop
4(spu023s/,06) 2n3uBjos! 4o} ||1upea.n (p/XT) S2INUIW (T 40} XBUIAA Auo DH) 31 (7) 79 4 AdOD “(€) 1€:4 QdOD W4 8T ‘4N) pa3ajdep 65002
- %0zl (100> d) adod IV ‘pduds sdadkpend (mpxg) opam g Jo %09-05 38 BulpA> jewiixewiqns ) -3sod aud dnoaB3jBuis (1) €9 AN AOD “(2) L€ AN QdOD W44-UON 65:AdOD L8 “[e 39 usssuey
q(spuo23s/,09)
83] 9| :yauas
- %911 500>4d sdadripenb anaupjos
4(spuo23s/,09)
85) 34311 :yauaas
- %L LT 500> d sdaolpenb Jnaupjos|
..Am\ooov 89) 9] :yaduans TOA ead jo %08 1e J919wo3ue
- %'l 500>9d Sulswey dnvUN|OS| 31242 seanuiw g pue (sdad o7) squi
4(57509) 331 3y8u :p8uss Jaddn ‘(sdaJ 9) sjeuiwopqe ‘(sdau o) 159} 26700T
- %T0Cl 500>4d SuLnswey d12UD|OS) (M/XG) $§99M 7 SSIRd J[BD NI Ul SISIDIBXD § JO §39s ¢ -3s0d a.d dnoud aj8uig (9) 02 :adod (17) o¥ :adoD adoD 0l “e 39 eleyewey|
(yoroudde [enpiaipur)
squi| Jamo| pue Jaddn yaduas “(Sanuiw
| X 0]) @sJaxa wue payioddnsun
‘SONSBUWIAS saanuiw Qg
‘934 paniwi| woidwiAs mojaq asn| saanuj (ouraseq (OH)
4(5/,06) 21n3UDjoS! 0 10} [|IWpea. ‘SaINUIW (T 40§ XBWAA Auo DH) 3533 (9) 19DH (1) 111DH  slouod Apjeay 9¢ 1¢#00T
- %0€) 500>4d 2y3us.ns sdedripend) (Mm/xg) sxoam g 10 %0905 & SulAd ewixewqns 1y -1sod aud dnoud sjBuig () ¥9 :adOD 91) 6£ :adOD ‘adoD 0§ “|e 39 uassuely
(LY @3e4 1eaYy IE SAINUIW
S Yam Bupjiem A1unod sunoy g) Sunjiem
‘(saanuiw o) uonexejps ‘(Suluren ySiom
GIMIawos| SINUIW (09) SINSBUWAS ‘(] e 20l 159) 0£00T
- - su :sdadlupenb AW (M/xg) s@@am ¢ 2JeaY UO paseq saanuiw Gp) BulPAd 1y -1sod aud dnous ajBuig (€) 19:ad0D (9) 79 :ad0D adod L “Ie 39 uljPsson
(WY 140 %09
18 sdaJ (| X g) sdedripenb pue sijedodad
‘1S10p snuiIssie| ‘sdadlul o Sujure.a apsnw
[etaydiiad ‘(sdas ¢ 03 |-saanuiw 7)
Bupjuetd wue ‘(sdau ¢ 01 |—saanuIW 7)
Buiquipd Jreas (%08 o3 dn passauso.d
(oam ‘] MAING 3& paads Bunjjem xew Jo %09)
dLIBWOSI 7| I5e| MyXT ‘Sfeam  ubjem [|lwpea.n ‘(%08 03 dn passaugo.d (€9 @) ey (D) 100u0d g7 “(yL) 20002
#000=19) D < ¥l - pariodas 10N ypduas mmwu_me:O T1 IS MXE) ISFOM T XBWIAA JO %09) BuldAd saanuiw g Y1 10y ‘(6) 09 YL {91) 1¥ YL Suren pg:QdOD 79 “[e 39 S490S00.4 |
(28ueyd %) (auraseq %) Buiure.n 3sod $24NSEAW BWOdINQO uoneanp Apnig uonuaAsul Apnig usisap Apmgs (K) 23e (Qs) uesy (pa121pa.dy,) (u) sauaned uonedliqnd
sdno.g 1s0d sdno.g 1A34 (@S) ueay Jo JaquinN Jo Jeak Uoyany
usamIaq o1 aud uyIm
CRIICNETIT) aueyd

ueduBig uedusig

“8ujure.y aduUelSISaU pue DIqOJSE pauUIqWIo) *f dqe |

194



(panunuo>)

sdnoJ3 usamiaq su

(S00>d) D <L

(500>d) D> <¥L

%8I
2ol

%S11

%S

%L\

%TEl

%911

LI32WOS|
su  :anbuod yead muwu_._vgo

S1I33WOS|

paiodaijoN  :enbuod yead sdedlipend)

gAlewos ypduans

500>4d apsnw sdadtipend)

Jsu
(50000 > ) WL
Jsu
(50000 > ) YL AMI2WOSI 2D :ss94d S

ssaud 39) pareas Y G|

4(Pu03as;,06) 2naupjos!

8100 =4d  :anbuoadead sdadripend)

(I4W) sdedrpenb yso
pAHIaWOS!

DA sdedLipend

€00=4d

£000=4d

1133WOs|

z000=4d pduans mmwu_anso

(yp8uauas m/xg
‘Bupj[eM M/XT) SNPIM /

(myx7) 1am 9|

(Mxg) xpam T|
PuO023s (M/XE) SHIIM
T1 3841 10M $T

(myxg) sppam

(m/xg) sxpam g

(Myxg) M g

(myxg) speam |

(sdau ] :sas1DIaXa g) Squil| Jamo| pue
Jaddn saspuaxa apsnw [esaydiiad (9-¢
8.10g uo paseq passaSoud) | AAS] JO dead
TOA 4O %58 3¢ Bubjjem :saanuiw 7| YL

$95ID49Xd
9UBINPUD PUE Y3BU.IS ALDIIXD JIMO]
pue Jaddn § + Bupjjem pue SulPAd Y]

‘(soanuiw g—|

0 5395 ¢—|) Suiquuip Jreas pue (saanu
740 5395 ¢—|) Supjue.d wLie (%]

01 passasBoud ‘WY | Jo %0, e sdaa g

0 5195 €) sapIwa.Ixd (sdadLi ‘sieao1dad)
Jaddn pue (sdesuipenb) Jamoj Suiuren
ya8uas ‘(%0 | 03 dn passa.goud)
1MIW9 paads Bupjjem aZelare

10 %G/ 18 Bupjem (%G8 01 dn passa.do.d)
XBWAA JO %09 & SulaAd isaanuiw g Y1

WY G140 %9678 e sw.e pue

WY §1 40 %079 e s39| 5195 £-T Suluren
9DUBISISA ‘SAINUIW | 7—8| 10} HeadAp

4O %€£8—F9 I® [[lWpEAI) [SAINUIW G Y |

(@anuiw | x o) Bulures asiIXd
wue parioddnsun ‘sonseuw4s saanujw

0€ ‘[I'wpeann saanuiw F ‘(p/XT) deadap
%0 e 8ul|2Ad [ewiIXeWIgNS SAINUIL 0T Y |

(WY | 40 %08

e 5395 ¢ 03 passa.Soud ‘WY | Jo %0/ I8
sdau ()| —g 395 7) Buluresy yadua.as 89| pue
(s9anuiw og 03 passauSoud ‘seanuiw o7
40§ L MIN9 Pa2ds Jo %08) 3upiiem (%08
01 dn passauSoud ‘saanuiw o7 4o deadpp

10 %09-0p) BulPA> 39| pasiatadns 1y |

(1

O %S YIM PIsea.IdUl Sem PEO| Yoam AIaAd
‘sdau g X € WY | 4O %0L) Biyeaq sdodw
‘s9asnw [eo3dad ‘sdedripenb sasuexs
Buiuayadua.ns d1weuAp ‘(saanuiw

6 01 passaJsoud saanuiw ) Supjue.d

w.e ‘(seanuiw gz o3 passasdo.d ‘seanuiw
01 40} 1 AAW9 38 paads a3elAe jo

%09) Sunjjem [lwpeass ‘(eadpA Jo %G/ e
s9INUIW G 03 passaJSoud) saanuiw (| Joj
>eadAA JO %09 e SulpAd Answodie Y]

593
-350d a.ud dno.3 aj8uig

104

159)
-13s0d a.d dnou8 sj8uig

[eL3 paj|0.13u0d
PaZIWOpUEI-UON|

(aurjaseq
Auo DH) 1531
-150d aud dnoud aj8uig

(aurjaseq
Auo DH) 1531
-350d a.d dno.3 aj8uig

1s9)
-150d a.d dno.g aj8uig

(8) 69 :ad0D

(6) £9D
(6) 99 ™L

(8) £9:ad0D

(1) 59D
() €9 ™L

#) 19 DH
‘(6) 79 :ad0D

(€) 89 DH
() 1£:ad0D

(8) §9:ad0D

(S1) €¥ :ad0D

(S 09D

{(£1) 85 ML Suuren /8 :adOD SLI

(91) 9 :ad0D

(K Ze]
(1) s L

(91) 901 :DH
91) ££ :ad0D

(¥) €01 :DH
(9) w:adod

(81) S¥:ad0D

AdOD ¥¥ ,010T “[e 38 sueA3

(D) 103u0 g8 “(y1) £c600C |3

BuLIgIaAN UBA

AadOD 6T ¢800T “[e 3° enld

(D) 1043003 07 *(¥1)
3uiuren 0 :adoD 0%
(DH) sjoau0d
payd3eW-J9pusl

pue a3e Ayjeay g|
‘ad0d 0¥

£6L00T
“[e 39 USIjWnyS

9e£00C
“[e 32 uoljog

(OH)
s|oanuod Ayeay (|

‘adod 01

5¢900T
“Ie 39 y3noayp|y

465002

adod 8L “[e 30 2nudg

(28ueyd %)
sdno.g

UdaMIDq
CRIENCITT)
uedusig

(aurjaseq %)
1sod

03 aud
a3ueyd
uedyIudig

Sujuren 3sod

SaUNSEAW BWOdINO
sdnou3
uim
ERICNC)
uedyIuBiS

uone.anp Apnmg

uonuaAul Apmg

ugisap Apmg

() 98e (gs) uespy

(par1paudy)
'A34 (@) uealy

(u) sauaned
Jo JaqunN|

uonedygnd
Jo Jeak “oyiny

(panunuod) p a1qe L

195



(panunuod)

(100> 9) W< M

(500 > 9) AdOD < DH

sdnou3 usamiag su

sdnoJ3 usamiag su

%086!
%Shl
sl
sl

%0'Ll (€00=1d) adod IV

GIHIawos|
DAW sdadupend
Luonsneyxa [pun
9INUIW/SUONIBIIUOD (|

JO 9184 B 3B DA JO %0E B
(1000 > 9) DH uUONOE.IUOD JLIBUIOS] SWN
(1000 > 9 adod :9duBINpUS sdadlipend)
(1000 > 9) DH GAlIawos| (yidua.s
(1000 > 4) adod 3psnw sdadripend

pawiodas 10N

LAHIBWos! (yaduaas
apsnw sdadlipendd

Suure.s Supjjem 99y ‘(sdad 0507

10} 3 7-6'0 S3yS1om 2.y yum ||e) Suiddaas
‘S3512J9X3 pUEIS-03-11s ‘Suipuels aoidn
quuI| JOMO| ‘SIYSIDM YIIM SsIed WIe
Jolimasod pue Joraiue :qui| Jaddn 1y

(wyx)
10 M/X|) SXPIM 7|

‘WY | 40 %0 3¢ Buiuren

9DUBISISD JO SIINUIL () :SUOISSIS OM)
KJoAg “ploysa.ys eaudsAp Jo Alorenusa
a1 01 3upuodsa.iod a1ed 1eay

A;\xvlmv S)PdM 9 J€ 3S1249X3 ADUBINPUD SAINUIW G Y]

(umop sdaas z—dn sdaas 7) Suiquud
J1es ‘9 3Jog uo paseq passa.do.d
WY | 40 %0, 3e sda. g 4o 5395 €)

ssa.d 9] ‘saanuiw 9| o1 passa.doud
SIINUIW Q] 10§ XBWAA JO 9%0/-09

12 UI2Ad ‘saanuiw 9| 03 passaJsoud
SaINUIW (0] 40§ | AAWG B paads Supjjem
UBSW JO %G/ 3& Supj[em ||lwpea.d 1y |

WY

| 40 %0, & sdedLn pue sdediq ‘sdedripenb
Jo Suureny yaduaus pue (9— 3uog

uo paseq uoyssaSoud) | A9 UO paseq
paads Supjjem aSeJaAe Jo %G/ Je Sunjjem
XBWAA JO %09 3& SuljaAd :saanuiw 09 :H

(mixg) SpaM 7|

[ENRIENE]

Jo uonndaxa NdYIp dJow Aq Aususiul
asealdu| *(sdau G| ‘sasiodaxa UBIYIP 7|
=195 |) S2IUBYISI[ED ‘SAISNW [BUILIOPGE

[ pajjoLIuod
PazZIWOpUEBIUON

'sdnous

4204 0§ UORUBAIIUI
auweg "sasjeue
dnou8qns yum

Apnas uonuaAJe3ul
P3]|03u03-UON

'sdno.g

204 10§ UORUSAIIUI
auieg 'sasjeue
dno.3qns yum

Apms uonusAlIUl
P3]|03u02-UON

(S) 59 :M
(L) L9 W

(9) 79 DH
(8) 19:ad0D

(6) 99 4ON
(0 €940
(8) ¥9 :ad0D IV

(Z1) oF ‘M
07) 05 W

(1) 901 2DH
(1) 9¥ :ad0D

(1) ¥ 4ON
(1) 174D
“€1) T :adod IV

‘(4D) @n3ney 3j13dRA3U0d

oy
uolssas Apjsam suo
81 (1) uoissas Ajyauow o F10T
auo g| :ddOD 9¢ “[e 39 BABIYD
(DH) sjo-auod payaew
-a3e ‘Apyeay 47 S£10C
adod ¥t “|e 39 1znoo

(4DON) an3negy
3|dRNUOd OU /|

67 :4d0D 9%

(H) Asusaul

%6°€€L (too=9H uoisua1xa ay Jo BuluapBua.ns ‘sasiuaxa Suleaiq (1) £9H (e ov:H Y3y 0t (1) Ausuaauy &1 10T
k00o=d1<H - Tsu 8o :sdadtupenb Ly | (myxg) pam 7| 1$9SIDUBXA JO 135 § IsAINUIL 09 ] 10y o1) $9 1 (1) 6€ 11 MO| 0T :Ad0OD OF “[e 39 35G0.d
'519s ¢ 03 passaJ8oud sdau (] Jo 395 |
‘s3yS1om 9244 Buure.n ypdua.s ‘(seanuiw 7)
,(3ySremApoq s3y31om 2431 Yam uonINPGE pue UoIXal
- %€ €T 100>9d %) ydus.as sdedipend Jap|noys [eJa1e|lq dAnNadal ‘saanuiw o7
,2M33Wos! 03 passa.doud saanuiw (|G Joj Sjeadpp 159)
- %s€Tl 100>d ‘pdua.ns sdadripend (Mx7) speam g 40 %08 3 8uipA> sInuIW OG-0 YL -3sod aud dnoud ajul ($) £9:adoD (T1) s¥:adod QdOD S 4,110T “e 3@ nzoy|
(S pue p Aususaul eaudsAp 3iog
2 s3InuIW (7) Bupjiem :pasiatadnsun
(s8nuys Japinoys ‘Ajy ||oqquinp
‘ssaud youaq [[2qquinp ‘UolsULIXd
sdadLiy BuiA] i d1Aj2d ‘uonelod suns
‘UOIX3]} YUNJ3 ‘SUOISURIXD dauy ‘ssa.d 39|
‘puels-03-1is ‘sdn-daas :sasiuexa | |) Apoq
(pasiasadnsun samoy pue saddn Bujuresy ypBuauas yeadpp
g2haupjos! M/Xg ‘pasiasadns JO %08 38 S3INUIW ()7 IO} JBWOBID 1593 w1102
- %€'8l 100>d  :y38ua.ls UoISUIXD ddUY| M/XT) SIPIM (| 3J24> :pasiaiadns saanuiw 09 1y -3sod aud dnous 9|3 (8) €9 :ad0D (91) ¥¥ :adOD adoo LS “|e 39 ouozly
(28ueyd %) (ouraseq %) 8uiure.n 3sod $24NSEAW BWONINO uoneanp Apnig uonuaAsaul Apnig usisap Apmg (K) 23e (@s) uesy (pa321pa.dy,) (u) sauaned uonedqnd
sdnoJ3 1sod sdnou3 1A34 (@S) uesjy Jo JaquinN Jo Jeak Uoyiny
usamIaq o1 aud ulyIm
2dUIBYIp adueyd ERIENENT ]
uedyIulig wedyusig uedIuig

(penunuod) *p s|qe

196



(panunuo>)

- %6'96!

%L1
sdnou3 usamiag su -

sdno.8 usamiaq su
sdno.8 usamiaq su

WLEL
%1611

B)

B)

- %'€9l

sdnou3 usamiag su %981

1000 =d

(s00>9)s
SN su

(500> 9 H
(S00>9d N

1000 =d

LINsu
(6v00=4) LI

uoIsSuIXd
daoripenb |4y 0]

GAHIBWOS!
:sdadrupenb AW

GAlnawos) (dus.s
apsnw sdedrpend)

UOISURIX3 33U WY 0]

(punosenn)
SLIOWd) SNYJBJ "W S

(mxg) sppam 7|

(awoy
M/X| + pasiasadns
M/XT) IPIM 8

(myxg) sppam g

(mixg) SpaM 7|

(Mpx]) sppam 7|

(sas124axa djweuAp

pue de3s) Buured) 9due[eq ‘sUOISSaS
9AIIND3SUOD T Ul pawiiogiad aq pjnod
sdaJ Jeuonippe g uaym passa.doud (sdau
01 J0 5395 7) Saanuiwi G| 4o} Y 01 JO %58
—0S e :qui| Jamo| pue Jaddn yiBua.ns
‘(9 40g uo paseq uoissaudoud)
saINUIL T 10} | A9 38 paads a3e.ione
10 %08—09 38 SuDjeM SAINUIW 09 Y|

(mou 3yBiudn pue ssaud uapjnoys

‘sland sdadiq) quu| Jaddn pue (uonanpqe
diy ‘suoisuaixaysyl| sawy| ‘puels

-03-s ‘WY | JO %09 e sdau ssaud 39|

01 Jo 5395 7) quii| Jamo| :yadua.as ‘Buphd
20NUIW O] ‘| AAS| UO paseq ZOA paraipaad
JO %08 28 Supj[em :saInuIW 09 Y|

(%58 03 passaudo.d ‘92404

21IBWOS] [BWIXBW JO %09 e sda. 7]|-8
JO 5395 €) quii| Jamo| pue Jaddn asiuaxs
92UBISISa ‘(SUOISSAS BAINIISUOD T UO
3INUILI/SIBIQ G UBY3 3JOW IIM Pasea.Idap
WH Usym AA § Aq aseauour) yeadpp

JO %09 38 4O | A 38 93eJ 14BaY Adsusiul
1€ (S9INUIW G[—(|) ISIDIXD [jIpEa.)
‘(s9anuiw 0g—0) 3sI2J9xa 3PAdIq Y |

*SINUIL G 10} (SasIDIaXd

SIWeUAp pue dnes) Sulure.) aduejeq (9
810g Uo paseq pue UOISSAS BAINIBSUOD T
uo pauuiopiad aq pjnod sda. [euonippe g
usym peoj Jo uoissa.do.d) saanuiw g|

4o} (sdaa 0] 40 $335 7) Y 01 O %5805 &
$3sI249%3 7 :quii| Jamo| pue Jaddn Suluren
p8uas ‘(9— S1og uo paseq uoissalSo.d)
SAINUIW (O 40} ] A9 28 paads adeone
O %08—09 & SUDj[EM :SAINUIW (09 Y|

(paagn3au

uaned si Asusiul) saqna d1Ise|d pue
S|l2qquInp Yaim 3ulure.) adueISISa ‘soWes
[eq ‘sreas Suiquuipd pue Supjjem ;] |N
(W 1 40 %0/-0% e sdou g1 jo

195 9—7 03 passasdoud) yaBua.is apsnw
[BUIXBW JO %Q€ e JaZI|Iqess Jejndeds

PUE YunJ3 [BSJOP ‘S9[2SNW SIIWDIIXD
Jaddn ‘sajasnuw ynd Jojerol ‘sapasnu
J9P|NOYS JOLIFIUE ‘S.19Z1|IqRIS djun.i}

pue diy [esane] ‘sspsnw yBiy sdau G jo
195 € ‘€] 3dY 28 SulPAd seanuiw € X 7 1] |

1593
-13s0d a.d dnou8 sj8uig

'sdno.d

4204 0§ UORUSAIIUI
auieg 'sasAjeue
dno.3qns yum

Apms uonuaAsaIul
pajjo.J3uoduoN

20q Joj uor.
aues "sasjeue
dnougqns yum

Apms uonusAIUl
pa||oJ3uoduoN

1593
-350d a.d dno.3 aj8uig

104

(T1) 89 :0d0D

(20) T2 :adodD adod w

(401 pue ueipaly) (SN) 2uadod.res

(1) 72 SN adod (15— 6€) S¥ SN AdOD -uou g (S) dnuadodues

(8) €25 AdOD (05 — LE) ¥¥ :S AdOD

(01) 89 :ad0D

(6) 99 1IN
(6) §9 LI

€/ :Ad0D 98

(H) >1wexodAy
8 ‘(N) 2lwaxouLiou

§1:adod €T

(v) ¥€ H
(e N

(9) ¥8 :ad0D adod 9t

(1IN)

Buiuren pazijenpiapul
-uou ¢ (1))

Bujure.y pazifenpiapul
07:ad0D ¥€

(07) 89 :LIN
{07 7911

158910
“|e 39 sanbuey

0s510C &30 sauo[

&310C
“[e 19 591500

a5¥10T ‘sonburely
3 dwode[

¥ 10T
“[e 39 YdI|na)

(e3uey> %) (ouaseq %)
sdnoJ3 1sod
u?aMIaq 03 aud

CRIVENEIT) adueyd

uedusig ueduBig

Sujuren 3sod
sdnou3
uyam
dUIYIP
uedyIuBis

saJdnseaw sawodnnQ

uoneanp Apnig

uonusAul Apmg

ugisap Apmg

(4) a8 (qs) ueapq

'A34 (Qs) uesly

(u) sauaned
Jo JaquinN

(par1paudy)

uonediqnd
Jo Jeak Joyny

(penunuod) *p s|qe

197



‘padodau jou eIy

"3|qe|IeA. san|eA 31njosqe A|uQ,

‘anfeA Sujureas 3sod uo paseq adusuayip dnoud ussmiag,
‘wioped 9.0 Isurede Suiysnd eia paunsesy,
*J913WOWRUAP P[oy-pUBY BIA PaUNSes||,
"xapolg ‘a|duiexa 1o} ‘Ja1awWoweuAp paziiandwod eia pansesly,
‘we3sAs a3nes-uie.a3s BIA paJnses|,|,
‘UonISX® paAlRd.Iad Jo a1kl 134y ‘ea.e
[BUOII295-S50.12 :y/SD ‘P|OYsa.Jy3 AIOIB|IUDA/DIQOISBUE | A/ Y ‘BuiSewl 9ouBUOSDJ d1IBUSEW Y| 3593 SUDjlEM 2INUIW-9 ;] AAIN9 PEOPJIOM [ewixew pead :xewpeadpA ‘uondeaauod Aleunjoa
WINWIXEBW 1AM (2592 Y[BM S[2INYS [BIUSWISIDUI ¢ ] AAS| ‘SSBW 93.1) 1B} |44 PUOISS | Ul SWN|OA pa.idxa pad.oj i AJ4 ‘wnwixew uonnadad iy ‘el43 P3)|0JI1U0d PazZIWOopUE. ;| DY uedyiudis 10U :su

%0'1LL

%T16)

1000 > d

7000=49

sdeoripenb |y 0|

uoIsSuIXd
89) :sdadripenb |y 0]

(Mx7) speam g

(myxg) spam |

“ulw 0p—g¢ 03 dn passaudoud saanuiw g7
—G| 40} 9 310g BuIPa3IX3 INOLYIIM dAIBSA
91eJ 11B3Y JO %GH—0f 3B Subjiem ‘(s19s

7 pue sdau o] Yum passa.doud) Suipeo
aAnsisad pue 3unyl| 3yBiem Buisn (payydads
10U) squi| Jamo| pue Jaddn jo |y

1s9)

01 JO %001 1€ 5195 € INUIW 0p—GE Y] -3s0d aud dnoud sjBuig

Bujure.n aouefeq sINUIL G ‘(WY 01 JO %58
—0§ e sdaJ (0] JO 395 T ‘squil| JaMO| pue
Jaddn sasiouaxa /) s3ySlom 9244 pue spueq
2135E[9 JO SANUIW G| :Buluresd dUBISISU
‘LINAA9 3& paads adeuaae Jo %08

189)

—09 38 3upjjem saanuIW F :saINUIW (9 1y -3sod aud dno.d sj3uig

(6) 69 :ad0D

(8) 02 :Qd0D

(1) s¥:adod

(57) 69 :ad0D

¢s510T

addod o€ “|e 39 1BAIOg
259910¢

adod 6 “le 33 sanb.ey

(28ueyd %)
sdnoJ3

usaMIzq
2dUBIBYIP
uedusig

(ouaseq %)
1sod
01 aud
a3ueyd
uedyIudig

Suuren 3sod
sdnou3
uyIm

dUIBYIP
uedIusIg

saJnsesw awonNnQ

uoneanp Apnig

uonuaAsul Apnig

ugisap Apmg

(A) 98e (Qs) uesy

(pana1paudey)
'Ad (@) uealy

(u) sauaned
J0 JaquinN

uonedliqnd
Jo Jeak Joyiny

(panunuod) p a1qe L

198



(panunuos)

paxiodal 30N

(500 > d) wreys < SAWN %91
paxiodas 10N
(500 > d) wreys < SIWN %91

paioda. 10N

weys pazioda 30N

SIWN pariodau 30N
weys pazioda. 30N

SIWN pamiodad 10N

weys pazioda. 30N

(LD) WsD apsnui D
(1D) v apsnuw ysiyapiy

«(DAW %05
03 paddo.p UondE.UOI DLIBWIOS| UBYM

awn = an3iney 01 AWl) UONSNBYXS [BUN

yapw asind st o0 | ‘zH § :weys

spsnw
J[ed saInuIW GZ pue 3psnw sdadripenb

(€00 > 9) weys < SN %LE] SN P3I0dad 10N DAIW %09 Urelurew :2dueanpus sdedlipend) SINUIW G§ 40} ddUEJR|0) saudned 1k 19s
paxiodad 10N weys pariodau 10N (m/xg) Ausuaaul ‘924> Jo-uo spuodLs 9| /SpU0IS (€) 89 :weys () o€ weys weysg 7|07 e
(€00 > d) weys < SIWN %1l SIWN pariodassoN lrduiost :pBus.is sdodupend  HEaM 9 9 ‘apim asind s11 003 ‘ZH 05 ‘SINN 1oy (1oL SIWN (€) ¥€ 'SIWN ‘STWN Z1 :QdOD 0T ASTIPOAIA
(3ppsnw stioway sdedtipenb) 8s) yoes
S9INUILL G| 4O YW ()| 3B JJO SPUOIBS ()|—UO
spuodas g ‘yipm asind s 0oz ‘zH 0§ ‘wieys
9snw sliowdy sdadtipenb
‘(saanuiw o9 01 passasBoud) 8] yoes
- weys su saINUIW G| 4o} (Yw 09 03 passausoud) yw SIWN 4q pamojjo}
paiioda 30N - SIWN su gAMIawost :yadua.ns sdadripend) 07-S| 38 (O SPUOIAs ()Z-UO SPUOIS ()| Weys Jo weys
- weys su (m/xg) 01 passauBoud) o spuodas ()|—Uo Spuodas Aq pamo|oj SIWN 02 ,5110C
sdno.3 usamiaq su - SIWN Su gPRaubjos! Ypduans sdadupend) yeam 9 7 ‘Yapim asind st 00y—00€ ‘ZH 05 ‘STWN 1DY 49A0-s504D) (£) #9:AdOD IV (€1) 0§ :dOD IV~ Paudisse :q40D 0€  “[e 3@ sijodeN
(3p2snw siioway
sdadripenb) 3a) yoea seanujw g Joy
yw 0] 3e st g yipm asind ‘zH (| weys
*3)Isnw sowidy sdastipenb ‘(seanuiw
09 02 passa.do.d) 89| yoea saanuiw  (dnous sj3uls e se usas
G| 4o} (Yw G yam Apam passaudoud) yw  auam s323lgns sy e SIWN Aq pamojjo}
- - su (vX3Q) ssew apsnw 3a) 1Sy GZ 01 (] 3 (}Jo SpuOdaS ()7—UO Spuod3S (| dduaNbas JuswaIea Jo weys .10 weys
q(Pu023s/,09) 2nBUIOSI  (M/XG) 01 passauFoud) Jo SpUOIBS ()| —UO SPUOIDS 1933 JUEIYUSIS OU 03 Aq pamoj10) STWN © /00T “[e 3@
- - su :sdadlupenb Jo uonse.auod J1LIUIUOY  HHFIM 9 T ‘st 00p Yapim asind ‘zH 05 ;SN @NP) 1DY 49A0-ss0uD) () 99 :AdOD IV (€1) 05 :adOD IV paudisse :a40D /I 0s.10D) [eq
q(xapu1 an3ney) puodas/ 0/ AdojA d )
- SN Pa3iodad 30N Je|nSUE 38 SUORDR.IUOD JO JAqUINU [BWIXRW poLiad [0.0U03 B 433 SIWN FM13231 33
(500> 9 D < SIWN M (50°0 > d) oM 9 358 D [NUIW | D1BUP|OS| AdUEINpUD sdadlIpend) s]asnw sLiowsy sdedLipenb ‘(ssanuiw g 03
- 29M 9 Isg| D su passa.do.d) 8| yoea saanuiw G| oy (Yw D)
psdno.s usamiaq su - SN Su gAMewos! ypduans sdedupend 00| 03 passaJSo.d) yw 0z—0| 38 (o S 0g— S99Mm 9 I8 SIWN +
- SIWN Pa1iodau 30N q(Puo23s/,07)  (M/xg) uo's (| 03 passa.iBoud) yo s g|-uo spuodas (5) 59D (€1) 0y 2D SI°aM 9 Isuly [0.3U0D 55000T
p(500> 9) D < SAWN ol (500 > d) pam 9 3sg1 5 anduUpjos] :yua.s sdadipenb ewixe M 9 T ‘st 00p—00€ PP 3sind ‘ZH 05 STWN 1Y 8) 95NN ((01) 8€ SAWN 9 'SIWN 6:AdOD§I  “[e 32 JapaN
UOIEINWIAS [B1IIIBID SAIRIE OU i)
- Jsu *(ssppsnw Jjes pue ‘s3ulnsuwiey ‘sdedripenb)
(8600 =9) D < SIWN %6°€€l (200 =d) SIWN  ganduUplos! :YaBua.ns Buliswiey [euwiXely qui yaea SINUIL (T 10} (HFaM/ YW §
- Jsu (M/xg) paseatour Ausuaiu) yul 07 |-YW §§ [entul @D ®1wD (D) 1o3uod> | 700T “e 3
(9¥00 = 9) D < SIWN %6€ | (000 = d) SIWNN  gPRRUN(S! :p3ua.ns sdadlipenb [ewixely $IPaM 9 I SW OO | A42A3 SW 00T 40} ZH 0 STWN 1Y (0 6§ SIWN ‘() 9€ 'SIWN 6 ‘STWN 6:0dOD 81 qeH-A|talinog
(SIWN) uonenwns [e31139[9 JeNISNWO.ININ]
(28ueyd (aunpeseq Sujuren 1sod SaUNSEAW BWONNQO uone.np uonuaAsaul Apmg udisap Apmg (A) o8e (gs) uesy  (pendipa.dy) (u) uoneaiqnd
%) sdno.3 usamiaq 9) 1sod sdnou3 uiyum adualayip Apmg IA34 (gs) uesly  sausned jo aquiny  Jo Jeak ‘doyany

9dUdJaYIp JUBdYIUSIS
uedyIuBIS

01 aud a3ueyd

uedyIuBig

.MC_C_Ne_u uone|nwins U_UQCMNE pue uonenwils |edlu3d9le JejndsnwoJdnapN *q I|qe_L

199



‘patodau j0u eI1RQ,

"anfeA Sujure.n 3sod uo paseq a5udJayIp sdnoug usamiag,
"J913WOWRUAP P[oY-PURY BIA PaUNSBD|\],

"Xapolg ‘9|dwexa .10} ‘4a13WOoWeuAp paziiaIndwod BIA pa.nses),
‘Wo3sAs 98ned-ure.s BIA paUnses|y],

‘Answonduosqe Aed-x A3usus |enp yx3q ‘AydesSowos paandwod

11D ‘BaJE [BUONDIDS-SSOUID 1\YSD ‘UONDIE.IIUOD AJBIUNJOA WNWIXBW DAL ‘PUOISS | Ul SWN|OA padidxa paduo) :' A34 ‘wnwixew uonnadad iy ‘[l pa|[0JIu0d PaZIWOopUE. ;] Y ‘uediusdis Jou :su

- Jsu
paliodas 10N - 1SW su sdaolipenb youmi parenusrodun
<(@Inuiw Jad suonoenuod
1) DAW J0 %0| Sulreaq 3a) Jueujwop uonuaAJIRIUI OU 1D
- D SU 3Y) JO SUOISUAIX? 33| O BWIN 3|qEUIEISNS
pawodas 10N %l (500 = d) LSW [ewixXew :D1133WOs! dduenpud sdastpend) y31y2 yoes saanuiw G| Joj (uoissas
- Jsu (myxg)  Asond 96~T Aq pasea.oul) %oy Aisuaiul 89D (8)seD (D) |oau0> (00T “Ie 3@
pawiodai 0N %511 (5000 = 9) LSW 2HI3WOS] isddtipEnb DA  SfF3M § I8 O SPUOIIS f ‘U0 SPUOIIS T ZH § | *LSW 1oy (9) 19::15W (£) 0€ LSW 8°LSW01:QdOD 8 wueweisng
1SIW) Buiure uonejnwins anausey
S|
YW Q70 weys
- Weys su
(€000 = d) weys < SAWN %L611 (500 > d) SIWN (punose.|n) ysD stioway snday appsnw sdadtipenb [esaieliq
- weys su ‘saINUIW Of 4o} (due.a|ol suaned
(820°0 = d) weys < SIWN %811 (500 > ) SIWN LHI3Wos! Bua.ns sdadtipend uo paseq passaifoud) yw oz|-0 3e (4o s
- weys su (auijaseq Joy passnlpe)  (M/x7) G|-uo s (| 01 passaiBoud) yo—uo spuodas (6) 69 ‘weys (g1) 1€ :weys weys /7 9107 ‘32
(S50'0 = d) weys < SIWN %1l (500 > 9) SIWN Yyoama pasenuaiodun sdadupend yeam 9 §i/sg ‘ypm asind sl oge ‘ZH 05 ‘SIWN 1Y (1) 0zLSIWNN - (1) 1€°SIWN ‘SIWN §T:AdOD T§ $Poppe
JUS.UND UOHEINWIS OU ‘WEYS
sdeoLipenb [esale)iq ‘Aep & 921M1 saINUIL
09 40} (Yw Q| 03 passassoud) yw
07-§| 2® (1Jo Spuodas (g— Uo spuodas (|
- weys su (myxg) 03 passaudoud) o spuodas g|—uo spuodas (€1) ¥'95 :weys (¥1) op :weys weys ¢ 7102
(100 > d) weys < SIWN %6'Tl (100 > 9) SIWN (199M 1 Jayye) ddUBIRIWINID Y31y HfPaM 8 T “‘Yapim asind 1t 00F—00€ ZH 0§ ‘STWN 1Y (1) €95 :SIWNN (1) L€ STWN ‘STWN 11:0dOD 0T “[e 30 BaIRIA
(a8ueyd (auieseq Suuresy 1sod S9INSEAW BWONNO uone.np uonuaAsUl Apmg usisap Apmg (A) o8e (gs) uesy  (panaipaudy) (u) uonedyjqnd
%) sdno.3 usamiaq 9%) 3sod sdnoJ3 uiyam aduslRyIp Apmg IA34 (gS) uesly  sausned jo JaquinN  Jo Jeak “doyiny
aduaJaylp uedyudls 01 aud adueyd uedyIuBis
pILATIIIVE I

(penunuod) *g ajqe

200



(panunuo>)

(sas1aoxa Y33ua.aas JIWRUAP Mg YY)
9512193 21qOJ9E sAINUIW

S| + (9- 310g uo paseq passa.do.d)
WY | 4O %0/ 38 s3ppsnw [ed03dad ‘nydeiq
sdadLn ‘n1yoeaq sdadiq ‘proljep ‘sdurnswey
‘sdaoripenb sdau g jo s19s € 11y

EHRNENC)

21qo.Jae SAINUIW G| + (ISAO-SSOJD pue
[4n2 sdadiq ‘|eJa)e] JSAO JUDQ ‘BSIEd JUO.Y)
%3 Apoq J4addn 4, ‘(a8un| pue jenbs adcuels
-apim aenbs desp ‘yenbs y3iy) xe Apoq

(401 pue uepay)

(4OI pue uepaly) ST (LAGM) Suuren

%5011 (6000 =9) Ly ,oHIBWOSE  (M/XE)  4aMO] § ‘g—| sdad ‘@nUIW | —SpUOIIS OF (89-£5) €9 'L (5% —62) 6€ ‘1Y uone.qia Apoq 49510T
osdno.8 usamsaq su - LAGM su “18Ua.35 UOISURIXD 2aUY| SIPIM 7| “(ww ) duwre yead-or-ead ‘zy /T 1LAIM 1DY (g2 -59) 85 :LAGM  :(Sk —87) 8E :LAGM -3I0YM 97:AdOD IS “Ie 39 1yfes
q(5/5081) uoixayy
sdnoug usamiaq su - sdnous yoq su 9au| onsupjos! 33| o]
4(57509) uoixayy
sdnoJ8 usamiaq su - sdno.8 yroq su 99wy dnduUp|os! 33| Yo
4(s70081) uoisuaixa
sdnoug usamiaq su - sdnous yoq su Saw| onsupjos! 33| o7
4(57509) uoisuzixa
sdnou8 usamiaq su - sdnou8 yyoq su 9aw| dnaupjos! 33| Yo
4(5/5081) uoixay
sdnoJg usamiaq su - sdnoJ8 yroq su 29uy| onaupjosi :39] Sy
4(/509) uoixayy
sdnoug usamiaq su - sdnoJg yoq su 9au| dnaubjos! 3] 3y3ry '3[e2s 340g BIA 195 A)SUSIU| "SI9S UDIMID]
4(s70081) uoisuaaxa Ul 3591 SPUODDS 09 YIm ww 7 apnijdwe (D) [043u0d
sdnoJg usamiaq su - sdno.g yroq su 29U dndupjos! 39 1Sy pue zH g¢ Aduanbauy 1e suonnadad ST ‘(LAGAM) Buluren
4(5/509) uoisuzixe  (myxg) S-0€ X § JO S3LIS 9 ‘(UoIX3YY BBUY GG ® 1D WzeD uone.qia Apoq €10T B 3
sdnoug usamiaq su - sdnoug yoq su 99w dnaupjosi :89] Yy sedMm 9 ‘uoixaly diy o) uonisod Sunaenbs : | AGAA 10y ‘(6) 89 :LAGM “(T1) L€ :LAGM 2loym 97 :adOD 1§ sojanzanga|d
Sujureqa uone.aqia Apog-9JoypA
‘Ajoreaedas pal
(4W) $87 *(2anuiw e B| 09) SupPP| papeojun (OH)
- - su ssew apasnw sdadripend SADE SAINUIW T “YAA Ved Jo %06 (suieseq Ajuo $]0J2U0d paydew
JHOM  (M/XE) I S9INUIW § JO S[BAIRIUL § ‘pROj InOyIm dn D) Iser-asod ($) 0 - DOH 1) €6 DOH -a3e ‘Ayafesy g 25010T
- %1€ 1000 > d >ead :eoueinpus sdedlupend)  S}99M 9 WLIEM SINUIW G :j0d030.d Josusixa-aauy| a4d dnous sjSuig ‘(2) 89 :adOD ‘01) 9 :adodD adoD L  “e 39 prisuo.g
(111H) Suiureas jeassaur Asuaiul-ydiH
(98ueyd %) (suieseq %)  Buiurens 3sod $2JNSEAW AWOINQO uolyeanp uonusAIUl ApMmg udisap Apmag () o3e (po301paudy) (u) syuened uonediqnd jo
sdno.8 1sod sdno.3 Apmg (as) uesy IA34 (@S) uesy Jo JaquinN Jeak ‘Joyany
usamiag o1 aud uyIm
CRITENETTT) a8ueyd CRITENCIT)
uedudig ueoyudig uedyudig

‘sanijepow 3uluiesy Jay1Q 9 djqeL

201



"33 JIeay tYH ‘BuiSew] soueUOSaL JnBUSEW Y| ‘PUOISS | Ul SWN|OA padidxa paduoy i A34 ‘wnwixew uonnadau

-anjeA Suiuess 3sod uo paseq adua.uaylp sdnous usamiag,

|03020.d UOISURIXD-23W)] [EIUBWIAIDU,
“J939WOWRUAP P|SY-PURY BIA Pa.Nses},,

"Xapolg ‘3|dwexd 10y “121aWOoWeUAp paz142Induod BIA Pa.nsed)y,

‘We3sAs 93ned-ure.Is BIA PaUNses|y],

‘WY {[el12 P3]|OJIUOD PaZIWOPUE [ | )Y uedliudIs 10U su

(s>}9am 9 Jaye

WY 9 JO %001 38 LAA SEB S95I249X® dwes
Jo sdau ] Jo s19s 7) 9sIDU9XD ddURISISD
‘L AA St Aisusiul swes 3. 9)24d1q AJeuonels
pue pes.1) 3SID.49X3 JIqOJSE (] 7

‘(soyo3a.3s Jejndeds pue sasidIaXd Hodu
9ANDE ‘Uondealad pue uondearoad sendeds
‘UondNpQe ‘uoiXa|} JSPINOYS ‘Ya3aaIs
sniwaud0.1se8 pue Suliswey ‘sasied

901 ‘sjand Suriswey ‘uoixayy diy ‘Buiquupd
Jreas ‘syenbs ‘uoisusixa sauy) sdau |

JO 5395 7) SOJIASP UONEIBOJ YIIM ISIDI9XD

%1781 (800°0=49) 11 9dUBISISaU ‘%6 < UONEBINIES ‘SHWW (17) Suuren
sdnous usamiaq su %868l (8000 = 9d) LM uoixay diy |y 9 001/00T > d9 ‘v1—11 8409 “4H paipaid  [eln pajjosauod paseq-pue| 07 ‘(LAN)
%0891 (8000 =d) 11 (mrg) 40 %08-09 2 Ulw O 40} Supjjem due| PaZIWOPUEI-UOU (VARVIN| (91) p¥ 117 Buiuren paseq-serem 69L00T
sdnoJ8 usamiaq su %LT6) (8000 = d) LM UOISUDIXD 99W| |y 9  SY99M 9 PapIn3) 3SID4oXd DIGOJSE [SAINUIW 06 IIAA  9ARdAdsouy ‘(1) 9 1M 1) L LM 07:adOD 0F  “|B 3@ meysion]
Sujuredy paseq-J91BAA
(38ueyd %) (suijaseq %)  Buiureay 3sod S2JNseaW AWoNNQO uopeanp uonusAIUl Apmg udisap Apmg () 93e (p=321paudy) (u) sausned uonedignd jo
sdnou3 1sod sdnou3 Apmig (Qs) ues| IA34 (Qs) uesy JO JaquinN Jeak ‘Joyany
usamIag o1 aud uiyum
CRITCNENT ) a3ueyd ERTENEYIT)
uedyIuBIS uedyIUSIS uedyIuBig

(penunuod) -9 sjqe

202



(panunuod)

(91 § so uonippe

pue s39s ¢ 03 passaJo.d) LY | JO %09
Je UOIX3|} MOQ|® PUE ‘UORINPQE J9p|NOYs
‘ssa4d 153y ‘UOISURIXD dIUY| ‘UOIXD|}

dowj| sdoJ 0] J0 39S | 1Y + 1V 1D
‘(8109 g > seInuIw G| 40} >j[em pjnod Juaied
uaym pasea.dul paads pue UONEBASID)
UONBASID %0 YIM ] AN UO paseq

(1D) Buuren

%1°9T) (c00>9) 1D ydw 'z 03 |°| 3sIDISXS [|IWpES.Il SAINUIW sduelsisa. pue
sdnoug usamiaq su - 1V su sSunswey Wy | G| ‘(8109 § > sanuiw g 104 324> p|nod 51qO.aE pauIquiod | | 6sP00T
%9€tl (000> d) 1D (Mxg) 3uaned uaym 90| Yum passa.3o.d) xewpp @ ¥L:1D (¥) ¥¥ 11D *(1v) Bulurenn aiqoae ‘e
(z000>d) LV < 1D - Ly su sdesLipenb |y | S[POM g JO %05 38 J233WOEIS 3|4 Jo Uil T 11V 1oy () 891V W) oy Ly €1:adOD ¥T  4open
1AAWG paads pagesane
10 >[eadAA JO %0 38 Sunjjem pue Sulahd
saInuIw 7 (se3nuiw 9 01 passausoud)
Suiquup Jieas saanuiw ¢ “(Apjpem
WY | O %S UMM pasea.oul sem peo|) WY
| J0 %0/ e sdedLi ‘si[ed032ad ‘sdedripenb
sdeu g Jo 5395 ¢ [sMINUIW 06 1Y
*(se3nuiw
9 03 passaagoud) Buiquipd Jieas ujw ¢ pue
%1€l (so0>9 1¥ ,2.04 UoIXa} (s@anuiw g 03 passauSoud) 9 - G eoudsAp
sdnoug usamiaq su %8| (500> 9) 1V 93| DLIIBWIOS| [BWIXE] 8109 1 SupjueJd WLIR S:INUIW § ‘(sSINUIW
%S€l (500>9) 1y ,92.0} UOISURIXD G 01 passaugoud) | AAW9 paads aSeiane (14)
sdnou8 usamiaq su - 1V su 99| J1IIBWOS] [BUIXE} 10 %09 28 Supjjem [|Iwpea.l saanuiw Q| Suluren sdueIsIsa | 9700T
%0tl (500> d) 1y q°nb-03 ead (myxg) (%51 3 uw g7 03 passauBoud) sead Jo (2) ¥9 14 (81) 0% :1¥ ‘(1) Buuren siqo.oe “le39
(100> d) 14 < 1v %yl (S00>d) Ly uoIsueIxs 33y JLIBWOS| OPIM 7| %0€ I8 BuIpAd seanuIw 0] 1s3INUIL 06 1Y oY 8 e9ivy (00) 151V 91 :adOD 0€ anads
SeadpA JO %0/ e 39420848 saanuiw O (1D) Buures
%088l (S00>d) 1D + WY | 40 %58-0/ 3¢ sdoa g-9 03195 711D ddueasisal pue
(100>49) LV < 1D %E€El (500> 9) 1v . oo 21qO.J9E pauIquIod
(1000>9) Lv<1d %9011 (00>d) 1y uorxaly 33| WY | ) 7 UorsUBIX® o) UKo gnld 19 %58 b1 ‘(L) Buuren
%875l (500>9d) 1D e i v sy T (6) 09:1D (@) ee:ld  dqose gl (1¥)  ,4T00T
(G00>d Lv<1d>  %sorl  (s00>9) 1v BEmNG NG 3saLp SEaI g9 J0 SIS b 1Y “8) 99 'LV €11) 1p:ly  Suuren souesisas “le 3
(1000>9) 1v < 1y %8sl (500 > d) 1y uolsuadxd 33| |y | (MyXg) SHPaM 7| DleadAn JO %0/ I8 3420845 Ul O 1LY 1oy (9) 99 1 1) ov 1 £1:QdOD Ly 3O
(WY 1 30 %08 3¢ sda. 0] o 395 €
01 passaudo.d) |y | JO %09 3T ‘UoISuSIXd
99Wy| [ead2e|iq ‘ssaud 33 ,:o_u.u:_unm (1o) Suuren
%0zl (10000 > d) 1D ._wﬂ_:or_m puE uoIXa| >>o“_m ssaud 9dUBISISAL pue
. oo . a1eas sdad (] 4O $19S T :
(500> 9d) Lv < 1D %Ll (5000 > d) LV 23w [e123€)1q Y | P or4 Tild + 1V:iLD 219098 PaUIUIOd |7 6661
%8l (10000 >4d) 1D (mxg) Meady (1) ¥9:1D (S1) s 1D ‘(L) Buluren oiqo.se “le3®
(500>9) LV < 1D - Lvsu (1) VSOW Y3y [eseaeig SIPIM 7| 40 %08 3e 32420343 sINUIW OF 1V 10y o) L9V (1) 6€ 1LY §1:QdOD 9¢  pieuieg
MC_:_N._u dduelsisaJd pue d1qo.Jse paulquod pue .wucwum_w@L .U_QO.,_G/\
(s8ueyd %) (suieseq %)  Bujuresy asod S3JNSEaW SWO02INQ uope.np uonuaAIIUl ApNIg udisap Apmg () a3e (po321pauady) (u) uoneoignd
sdnoug usamiaq 1sod o1 sdnous uiyaim Apnmg (@s) uespy IA34 (@S) uesy  sausned jo JaquinN Jo aeaf
SouaJayip uedyIuSig a.d a8ueyd SdUIBYIp ‘aoyiny
uedyIudig uedyIusIg

‘salpn3s Suluedwon) *f a|qeL

203



(panunuo>)

SUOISSS DAIINIDSUOD T J0j sdau 7|

< uons|dwod Ja3je q| G—¢ Yam pasea.oul
speo| :uoissa.ado.d ‘WY | JO %05 pue
€1—11 :3dY e |4nd sdadiq 9|qed ‘umopysnd
sdeo1ia |qed ‘umop ||nd ‘ssaud 89 ‘ssaud
youaq sdau | Jo39s auo i1y + 1V 1D

*A)susIul 940§9q Pasea.dUl Sem
uoneunp :uoissaiSoud (sq| 0]—| Yum mou
1y81udn ‘uoisuaixa sdadtu ‘4Nd ISIIM ‘Isied

WL |BJ91E| ‘PUSQ OSJO) [BIDIE| ‘|IND Wik
sdaJ g|-g Jo 395 |) s|[pqquinp pjaypuey
Suisn Aususiul mo| 3e Sulurenn Yadua.as
wure Jaddn ‘s 3| € Pue €] | 3dY ‘S5-I
9405 $S2USSI|YILaIq ISAUYH dAOqe wdq

(1D) Buuren
aduelsisaJ pue

0F—0 3e (4oddsas pue “193owosus 9)aA> 2103k pauIquIod (| 2,800C
(m/x7) ‘lwpea.3) qui| J9Mmo]| pue (Js39wodis (8) 59 :1D (€1) 0€ :1D ‘(Lv) 8uuren siqouse “le 19
sdnoug usamiaq su - sdnou3 ypoq su ssoud 3| WY | Syeam g w.ie) Jaddn saanuiw 04— 1V 10Y (6) €41V «(S1) 6€ 1LV 01 :adOD 07 Japuexaly
(sdoa ] jo uons|dwod use %0 |-G Yam
pasea.nul peo|) |y | JO %0 e |4nd sdedi
3|qe> ‘umopysnd sdad1i 3|qed ‘umop|nd
3| ‘ssoud 39| ‘ssaud 3s9Yd 1 1Y + 1V 1D
'sdau g1—9| 239|dwod p|nod uanred uaym
pasea.dul peoj ‘€| > JdY UO paseq uoissas
yoes sdau -7 yam aseaudu :uoissauold
‘(PaX3]} SWJB YIM UONIDNPQE J3p|NOYs
pue ‘uoisuaxa sdadti Suipueas ‘lund
ISLIM ‘OSIBJ ULIR [BI93B| ‘PUSQ OSJIO) [2I9IE|
‘[4n> wue sdau 0 |-g) s|[eqquinp pjaypuey (1D) Buuren
q| € 40 T Yum uiureny sdueasisal Aisuaul ddurasisal pue
MO| (%06 < uoneamies pue €| > 3dy 51qOJaE pauIquiod ,,900T
%61 (so0>d) 1D ‘13 € 2¢ |[e) Jaddais pue 324> |jiwpea. (11210 () 1D 0l “(Lv) Buren “le 39
(S00>d) 1v < 1D - Lvsu sseud B3| |y | (myx7) peam g 1232W03I WE SANUIL O — 0T 1LV 10Y oLV “(9) €€ 1LV 21q049e 6 ‘QdOD 61
‘(paseaudul sem dduelsisad ‘paia|dwod
3q p[nod sdaJ 7| Uaym) uoisualxd
sdeo1ia pue ‘Jund sdadiq ‘uoisusixs
>2eq ‘YaunJd ‘Mo paress ‘ssaud Japjnoys
‘umop ||nd ‘ssaud 1say> ‘uoisua1xa 83| ‘lund
3a| paaeas ‘ssaud jjed ‘ssaud 3a) sdau 7|0
JO 39S ¢ SAINUIW 09—SH 1Y + 1V 1D (15) Suuren
(MXp)  WYH JO %0/-06 & SulyakiaA] 'sdiqo.se 9ouelsisa. pue
HPOM 7| 11D YD saInuiw 0g + Subjjem de.a Joopul 21qoJaE pauIquiod 0700T
%5°9€] (s00>9) 1D {(m/xq) lwpea.y ‘Sul2Ad> SUAp.IY “1939WoSIe  [el) Pa|0.3uod (L) 19:1D 91) T :1D 6 ‘(1v) Suuren “le 39
»(500>49) 1v < 1D . 1V su uoisuaxa 33| WY | HPIM 7| 11V 324> “1919W0S49 Wk JO SAINUIW OF 1Y PIZIWOPUEI-UON (8) €9 11V 4(2€) OF ;LY 21qo49e 8 :adOD LI uojuey
(e8ueyd %) (uieseq %)  Buiuresy 3sod saJnseaw awoaInQ uone.np uonuaAsul Apnag udisop Apmg () o8e (po21paady) (u) uonesignd
sdnoug usamiaq 1sod o3 sdnous uiyam Apnag (Qs) uesy IA34 (QS) uesy  sauaned jo usquinN Jo aeaf
Soua.ayip uedyIuSig a.d a8ueyd ERITENEN) ‘ioyany
wedyIusIS wedyIuSIS

(penunuod) 7 ajqeL

204



(panunuoo)
Amco_mmwm DAIINO3SUOD
T uo pawopiad aq pjnod aJow sdau g Jo |
uaym passauSoud) Y | JO %0/—09 e sdau
07—C| ‘sdsPJaxd £ j0sIds T i1y + 1V 1D
“(s3yS1om 3y yam (1) Buuren
soluaYIsI|[ed pue Ja3awodis wue) Suluien Sduelsisad pue
quii| Jaddn ‘G—¢ eaudsAp 8.og 18 | AAIN9 JlqoJae paulquiod og 9,510C
%€0el  (1000>9) 1D (myxg)  Buninp xewyH Jo %0/—09 e I932W0815 (9) 69:1D (91) 15 :1D “(Lv) Buiurenn siqoase “[e 3
paiioda. 30N - 1V su uoisu1xa 39| WY | SfIM ¢ 324> 10 ||IWpEa.} AINUIL Op—0€ 1V 10Y (8) TL LY (1) 9p 1V 0€ :ad0D 09 luuez

(1V) 3uure.n siqoJse

sas1249Xa J1eyd apuad :Buluiesd weys Aq pamoj|o} Suiureay

14 +1v:1D weys £z (1)
Sujuresy aouelsisas
aunyey (WY | 40 %08 e 5395 ¢ 03 passaudoud) ||y pue Suiuren

| 0 %0/ & uononpge diy pue uononppe
diy ‘asied J|ed ‘UoIXal} 93U ‘UOISUSIXD
99uy| ‘ssaud 89| sdou 0|—8 Jo SIS T i1y

“(resdpA Jo %08 03

J1qoJae paulquiod
Aq pamoj|o}
Sujurenn weys

8¢ ‘(LvL1y) Buluren

3jsea jaun ainujw Jad sdau

(6€00=19) 1V < 1D %697, (1000 >9d) LV T| jo adusped e3e |y | Jo
(500 =14d) 1D < 1v1Y %996. (1000 >d) 1D %09 & suonnadau suolos|
(1000 =9) 1v < 1vld  %8€Lll (1000 >d) Lyly :@2ueJnpus uoisuaixa 3o

205

1D SA 1V1Y su %€l (1000 > 9) Lv passa.go.d) BuiA> papeojun jo saanuiw (£) 89 'LV (6) 6€ :Lv  21q0.5€ Aq pamoj|oy &/¥10C
(S100=9d) 1v < 1D %Lzl (1000 > d) 1D (sapsnw (Myxg) T 4o sjeasmaur 3531 yum eadpn JO %05 (8) 89 :1D 01) 1¥:1D  Buuren sduessisos “le 39
(9000 =) 1V < 1v1¥ %L'9tl (1000 < d) 1v1y UBIRYIP JO WNS) Y | SI99M 9| 32 BulPA> Aseuonels o SANUIW § X 11V 1o¥ (9)89:Lvid  (01) ThilvlY 07:ad0D §L  AeroD
14 + 1V 1D
( 01 paseauoul
s19s pue d|qissod a4om sdad G| < usym
paseaJuoul ySiom :uoissaudoud) |y §|
—g 1€ (ssa.d 33| pue s[eUIWOPQE ‘SUOISUIIXD
sdad13 “sjand sdadiq ‘sumop [|nd ‘ssaud )
J3pInoys ‘sso.d 1sayd ‘ssaad Youaq) Apoq Sujure.n aduelsisad
Jaddn pue Jomo| sdau G|—g Jo s19s 7 11y pue diqo.se
pauiquiod 7| ‘(1Y)
%€yl (100>49) 1D (s1pam (8) 65 :1D (07) 1§ :1D Buiuren adueIsisal 7| ,,210C
%eeel (100> 9) 1y (Mxg)  p AioAs sesuour saanuiw g) yeadzOA (9) 09 ‘14 (91) 85 11y ‘(L) uiuren3 aiqosse “le3
(S00>9) LV <1D% 1Y - 1V su ssa.d 8o WY | SPaM 7| JO %09 e 1210W03U 3243 SAINUIW 0T 1Y 104 (8) 79 :Lv (61) 85 1V Tl ‘QdOD 9€  >uBquOA
awnjoA ays jley
3 [ ulw OF + WY | 40 %08 — 0§ e sdau g
JO $395 7 1] Y S9INUIW Q€ :$AINUIW 09 1 1Y 1]
(PeO| MO Yaim sdaul @
- 17su Y31y ‘13 €) steq [9|jeted uo pue s3ydiom Suiure. Aisusaul moj
%1zl (500> 9) Lyl 994} yam 3ulure. dduelsisad ASUSIUI MO| €1 “(1Ly17) Buuren
(500>9d) 17< 1¥17% 1y %yl (s00>49) 1y uolsuaIXa 39| WY | S2INUIL OF ‘BuDj|EM SINUIL OE “UIW 09 1] dduelsisad pue

Suuienn Asusiul moj

- Lsu (WY | 40 %08-0§ 3¢ ‘I594 sPINUIW (y7) 85:17  pauiqwod || ‘(1Y)
(500> d) 17 < 1¥® 1417 %L87 (500 > d) Lyl T ‘sdau 7| jo 5335 g) sauiydew Suuren (L) 651411 Buluresy aduessisa
(500> d) 1¥11 < 1¥ %T'8s! (500> d) 1y ssaid 39 |y | 3DUBISIS3 UO S3SIDI9X3 / IS9INUIW 09 11y () 65 114 I1:adoD S¢
(a8ueyd %) (suieseq %)  Buuresy asod S3UNSE3W 3WO0dINQO uonusAIIUl Apmg (po321pa.ady) (u)
sdnoug usamiaq 1sod o1 sdnous uiyam IA34 (@s) uesly  sausned jo uaquinN
9ouaJayIp uedyudis oud a3ueyd ERIICNEIT )
uedyIuBIS uedyIUSIS

(penunuod) £ a|qe L



“8un1sa) SPSNW [enUBW : ] |4 ‘93BJ 2JB3Y YH

*3|qe|leAR SaN[eA 93N|0sqe AluQ,

"anjeA Sujure.n 3sod uo paseq adudJayIp sdnoug usamiag,
"J919WOWRUAP P[oY-PURY BIA PaUNSED|\],

"Xapolg ‘3|dwexd 10y “131aWOoWERUAP Paz142Induiod BIA pa.nsed)y,
‘Wo3sAs 98ned-ure.1s BIA paUnses|y],

‘9AJ9S3U 914 1B YYH 2591 SUD|[EM INUIW-9 1| AAING ‘PEOPIOM [ewlixew pjead :xew

peadpn ‘AydeaSowon psandwod @] D) ‘esue [BUOIIDSS-SSOUD B[2SNW (S| UOIEINWIS [BD1I1I3]9 Jejnasnwoanau Aduanbauy mojydiy ;SN 47/4H 2usjeAinba djjoqelsw 1] 3| ‘uonuaxs paAledlad
JO 9®J :3dY ‘G—0 o[es 8unsal spsnw [enuew uo Juswaroddwi syuiod d (puodas | ul swnjoA padidxs paduoy il A3 ‘wnwixew uonnadad iy {[el41 P3||0JIUod PaZIWOPUE. ;] DY ueduIs 10U U

%0'1€l
sdnoug usamiaq su %81l
Adgrol
sdnou8 usamiaq su  _3d ¢€°0]
~d spol
sdnod usamiaq su  ad ye°0l
41 sA 1Y su %E911
Ly sagHsu %L'8)
(€00 =9 41<dH %0¥C!
47 sA 1y su %€'8

1Y SA 4H su -
(100 =4 41 <4H %LENL

(500 > d) weys
(500 > 9) SAWN

(1000 > 9) LV
(1000 > 9) SAWN
(1000 > 9) LV
(500 > 9) SAWN

(€00 > d) 1y
(€00 > 9) 41
(€00 >4d) 4H
(100>9d) 1¥

47 su
(100> 49) 4H

sdaorpenb |y | (M/X7) eam Q]

(myxg)
Y3 84035 ] I sdadupend SPam g i1V
343 (m/xg)

91035 | WAl sdodnipend) eam g SIWN

4(5706) @2ueanpUS
D40M [B10] d1IBUB|OS|

(P/xT - Myxg)
Soam g

4(8/506) @nbuoa
sead sdastipenb spaupjos)

1D + ZH § 28 STWN :weys

B §1-50

YIIM S3ISNW Moq|e pue d|pJid Jap|noys
sdeua 0] Jo39s | ‘(WY | JO %0/ 3e sdou

01 Jo s19s ¢ 031 passausoud) WY | JO %SH
& uolsua1xa 89| sdau (| Jo s19s T ‘XewyH
4O %08 ¢ [WPES.3 pue 3A> UIW Of 1D
*9JUEID|0)

wnuwixew sausned 1e 19s Asuaaul ‘924>
4O s 0z—uo s 0] ‘sl 0O€ ‘ZH 0§ 3& seINUIW
0¢ 4oy uonenwns sdedwpenb :s3N

sas1249xa 8uluaYIBUBIIS DAINDE ‘SAINUIW G |
10} XBWAA JO %G/—0§ 38 3ul|pAd ‘seanuiw
G| 40} XBWTOA JO %5809 It ||lWwpea.n | v

sdasiupenb sasiuaxa
SuiuayaBuaaas aAnde ‘Alisusiul 9|qedajol

wnuwixew ‘saanuiw G| ‘sl 00y—00€ ‘ZH 05
:uope|NWI3s plo3jop pue sdedtipenb :SIIN

(so0om

T A49A9 %G Yum peo] Jo uoissa.do.d)

1594 SAINUIW T YIUM Y | JO %0/ e ssaud
33| pue uoisusixa 39| sdau g Jo S19s § 11 Y
‘91942 JJO SPUOIDS §—UO SPUOIIS §

‘sl 00F YIPIM 3sInd 'ZH G/ = 4H ‘ZH §I =
47 Asud3ul 9|qe.9|03 [BWIXEBW B S9INUIW
8| :uone|nwns yed> pue sdedLipenb SN

(1D) Buiuren
@duelsisaJ pue
J1qoJae paulquiod
+ STWN weys

1 “(1D) 8uuren

(YOI pue ueipaw) dueIs|saJ pue 6,510T
(8) €9 :weys (99-€7) §'Ty ‘weys diqoJde paulquiod + “le 39
1Y (8) 79 'SINN (1£-91) 62 SIWN SIWN €1 :QdOD LT  -wdpse]
v ,510T
[er3 paj|o3u0d () €9:1v (8) £T:1v  Buwuren siqouse /T “le 39
paziwopueIuoN (01) €9 ‘SIWN (£) 9T 'SANN ‘SIWN €2:AdOD 0§ zewAey
(1)
(%91 (2) €€ :1y Buiuren adueIsisal 67
(2) S€41 ‘SIWN-41 6T ‘STWN
10¥ (0) €€4H  -4H €€:QdOD 16 “

sanijepow 3uluiedd a0 pue SN

(e8ueyd %) (suipaseq %)

sdnoJ3 usamiaq 1s0d o1
SouaJayIp WedIuBIg a.ad a3ueyd
uedyIudIS

Buuresy 3sod
sdnoJ8 uiyum
ERIENETT])
uedyIuSIS

saJnsesaw awodnQ uoneanp

Apmg

uonusAIIUl Apmg

udisap Apmg () a3e (po321pa.ady) (u) uonedignd
(as) ues|y IA34 (@s) uesy  sauaned jo JaquinN J0 aeaf
‘doyiny

(Penunuod) 7 sjqe

206



De Brandt et al.

207

resulting in 1090 remaining articles for abstract
screening. Reference screening of review papers
delivered 10 more eligible articles. Finally, 162
full-text articles were screened, of which 92
articles were excluded. The remaining 70 articles
(n = 2504 patients with COPD; n = 2124 exercise
training, n = 380 control) were established as eli-
gible to be used in our review.

Quality assessment

Pedro scores of RCTs and non-RCTs are given in
Table 1. Of the 40 assessed studies, 17 studies scored
between 6 and 8 points and are considered to be
studies of “good” quality. In all, 23 studies scored
< 5 points, with 18 studies scoring 4 or 5 points
(“fair” quality), and 5 studies < 3 points which is
considered “low” quality. The criteria of concealed
allocation, blinding of assessors, adequate follow-
up, and intention-to-treat analysis were often not
fulfilled. One non-RCT was not assessed because
of its retrospective nature.®> The other 29 studies
used a single group design with (n = 4) or without
(n = 25) a healthy control group that followed a similar
intervention (Table 1).

Results per outcome measure

Outcome measures. Muscle strength can be categor-
ized into voluntary strength, that is, isometric, isoki-
netic, and isotonic strength, and involuntary strength.
Isometric strength is defined as a static contraction
without a change in muscle length. Isokinetic strength
is determined as dynamic strength while maintaining
a constant speed. Isotonic strength is defined as
dynamic strength with maintaining constant force
while changing the length of the muscle. Involuntary
strength is assessed by electrically or magnetically
stimulating a peripheral nerve, resulting in an unpo-
tentiated twitch (rest) or potentiated twitch
(performed seconds after a maximum voluntary con-
traction). An overview of muscle strength measures
used across the 70 included studies is given in Figure
2 (A). Isometric strength measures were used most
frequently (43%), followed by isotonic (28%), and
isokinetic (21%) strength measures. Manual muscle
testing and involuntary strength measures were
rarely used. Isometric strength assessment modal-
ities are depicted in Figure 2 (B) and were domi-
nantly performed by strain gauge, followed by
computerized dynamometer, handheld dynam-
ometer, force plate, or an unknown device. Used

measures of muscle endurance and assessment mod-
alities of muscle mass varied strongly and are depicted
in Figure 3.

Results per outcome measure. All studies wherein per-
centage change from baseline was available or where
percentage change from baseline was calculated by
the reviewers are presented per outcome measure in
Figures 4-7. Weighted means for changes from
baseline for isometric, isokinetic, and isotonic
strength are depicted for aerobic, resistance, com-
bined aerobic and resistance training, and neuromus-
cular electrical stimulation (NMES) in Figure 4.
Overall, isometric quadriceps strength increased
with 15%, isokinetic quadriceps strength with 17%,
and isotonic lower limb strength with 34% (Figure
4). Quadriceps endurance improved with 8.7-96.6%
(Figure 5) and quadriceps muscle mass with 4.2—
12.1% (Figure 6). Comparisons in isotonic lower
limb strength between aerobic, resistance and com-
bined aerobic, and resistance training are presented
in Figure 7.

Results per training modality

Different exercise training modalities were used to
investigate the effect of exercise-based therapy on mus-
cle function and muscle mass (Figure 1). A detailed
overview is given in the following sections. More infor-
mation on the characteristics of the different studies
grouped per training modality are given in Tables 2—7.

Aerobic training (Table 2)
Muscle strength

Isometric strength: Four studies showed an increase
of 10-21% in isometric quadriceps strength after
training.'"'%'*!> In contrast, one study reported
no significant change in isometric quadriceps
strength.'® Significant between-group differ-
ences in the change in isometric quadriceps
strength were reported in favor of the training
group compared to the nonexercising COPD
control group.'’

Isokinetic strength: One study measured isokinetic
quadriceps strength which increased with 13.6%
after training in patients."

Isotonic strength: Isotonic hamstring muscle
strength was measured by 1RM leg curl and
increased with 50% after training, while in the
COPD control group no significant change was
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reported.'” The difference between groups was
however not significant.'”

Involuntary strength: Involuntary contraction of the

quadriceps muscle produced by magnetic stimu-
lation of the nervus femoralis and measured as
potentiated and unpotentiated twitch showed a
significant increase of 8.8% and 9.7% after train-
ing, respectively.'? In contrast, another study
reported a nonsignificant increase in potentiated
twitch after training.'*

Muscle endurance

Isometric endurance: A study showed a nonsignificant

increase in isometric knee extension endurance,
measured as holding an isometric contraction at
50% of maximum until exhaustion."

Isokinetic endurance: An increase of 58.6% in

quadriceps muscle endurance, measured as
dynamic repeated leg extension with weights
corresponding to 30% MVC until exhaustion,
was reported in one study. This change was sig-
nificantly greater compared to the nonexercising
control group.'

Muscle mass

A significant increase of 8.3% in muscle mass,

measured via bioelectrical impedance analysis,
was reported of both lower limbs after aerobic
training but not in the nonexercising COPD con-
trol group.'” Differences between groups were
however not significant.'’

Resistance training (Table 3)
Muscle strength

Isometric strength: Six studies showed a significant

increase of 13.2-25.4% in isometric quadriceps
strength after resistance training.'”'®2%-23-2%-27
Two studies also reported a significant differ-
ence in isometric quadriceps strength between
training group and control group in favor of
training.?>*® One study, however, did not report
a significant increase in isometric quadriceps
muscle strength after training.*® Two studies
measured isometric hamstrings muscle strength,
all showing a significant increase of 11.4—
19.0%.%7-*¢ Isometric hip abductor strength was
not significantly different after training between

the training group and the control group”. The
study of Ramos et al. did not report a significant
difference in isometric strength of knee flexors
and knee extensors between 8 weeks of conven-
tional resistance training and elastic tube resis-
tance training.”’

Isokinetic strength: Three studies showed a signifi-
cant increase of 8.0-25.2% in isokinetic peak tor-
que (Nm) after training.*****® One study,
however, reported no significant increase in iso-
kinetic peak torque.®® Significant between-group
differences in isokinetic peak torque were in favor
of training compared to control in two stud-
ies.?*?® In one study, however, no significant dif-
ference between training and control group was
reported in isokinetic peak torque.'’

Isotonic strength: Isotonic quadriceps strength
measured by 1RM leg press showed an increase
of 16.0-27.1% after training.'®?! Between group
differences were also significant in favor of
training compared to control.'®*! A 5RM leg
press was also measured in one study and
increased with 34.5% after training, which was
significantly different compared to control.?® A
IRM leg extension increased with 44% after
resistance training in patients with COPD, which
was significantly different compared to control
in favor of training."®

Muscle endurance

Isokinetic endurance: Isokinetic total work during
30 consecutive knee extension repetitions was
significantly increased with 11.5%, which was
significantly different with controls.”® Another
study reported a significant increase of 320 J in
isokinetic total work during 60 seconds of knee
extension repetitions in patients with COPD
after training which was also significantly dif-
ferent with controls."”

Isotonic endurance: Isotonic muscle endurance of
the lower limbs with external loading increased
with 25 repetitions performed in 30 seconds in the
training group compared to the control group.*

Muscle mass. One study reported a significant 4.2%
increase in cross-sectional area (CSA) of the quadri-
ceps, measured by magnetic resonance imaging
(MRI), which was not different compared to nonexer-
cising COPD controls.?’ Two other studies measured
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thigh lean mass with dual-energy x-ray absorptiome-
triy (DEXA) and reported a 5.7-7.3% increase after
resistance training.”**> Menon et al. also measured an
increase of 21.8% in m. rectus femoris CSA and
12.1% in quadriceps thickness via ultrasound after
training.>

Combined aerobic and resistance training (Table 4)
Muscle strength

Isometric strength—A significant increase of 7.0—
32.0% in isometric quadriceps strength after train-
ing was reported in seven studies,>*3-7-38:42:44.49
with one study only stating significant improve-
ment without showing data.*> Two studies
reported no significant change in isometric quad-
riceps strength after training.*®*® Three studies
reported significant differences between the
training and the control group in favor of
training,>****® while one other study reported no
significant difference between training and control
group.®” Nonsignificant differences were also
reported between sarcopenic and nonsarcopenic
patients,”® between patients with or without con-
tractile muscle fatigue,** between trained patients
with COPD and trained healthy controls,* and
between hypoxemic and normoxemic patients.*’

Isokinetic strength: Five studies measured isoki-
netic quadriceps strength after training showing
a 8.3-30% increase in peak torque.’!' 333641
One study also measured isokinetic hamstring
strength of the right and the left leg which
increased with 20.2% and 42.1%, respectively.**

Isotonic strength: One study measured isotonic
strength as 1RM after training, showing a
33.9% increase in leg extension 1RM after
high-intensity training which was significantly
different with low-intensity training.*> No
significant change was established after low-
intensity training.*> Four studies measured iso-
tonic quadriceps strength via 10RM, with three
studies showing a 63.4-96.9% increase in 10RM
leg extension,*®>!>? while another study
reported a 71.0% increase in 10RM weightlifting
after training.>® A 15RM leg press was measured
in one study, with a mean change of 16 kg
reported after training, which was significantly
different with controls whom did not show a
significant change.®’

Muscle endurance

Isokinetic endurance: Quadriceps fatigue as a pro-
portional decline of isokinetic peak torques dur-
ing 15 sequential voluntary maximal contractions
at an angular velocity of 90°/second was mea-
sured and improved with 20% after training.>”

Isotonic endurance: A study measured an increase
of 44.5% in time to exhaustion during dynamic
contractions at 30% maximal voluntary contrac-
tion (MVC) at a rate of 10 movements per min-
ute after training.*’

Muscle mass. Quadriceps CSA, measured via MRI,
was reported to increase with 7% after combined
aerobic and resistance training.>> Another study
compared CSA of m. rectus femoris, measured via
ultrasound, between a nonindividualized low-
intensity and individualized training group. Muscle
mass improved significantly with 8.6% after indivi-
dualized training but not after nonindividualized
low-intensity training. Between group differences
were however not significant.*’

Neuromuscular electrical stimulation
and magnetic stimulation training (Table 5)

Muscle strength

Isometric strength: Two studies reported an 11—
14.8% increase in isometric quadriceps strength
after NMES,**° which was significantly differ-
ent between NMES and sham after 6 weeks in
favor of NMES.*®% Two other studies did not
report a significant increase after NMES,>>»>’
with one study also reporting no significant dif-
ferences between NMES and control after the
training protocol.”> Magnetic stimulation train-
ing (MST) increased isometric quadriceps
strength with 17.5%.°"

Isokinetic strength: Peak torque increased and was
significantly different with controls in favor of
NMES after the training protocol,”>>* wherein
one study with 39.0%>* while the other study did
not report significant data.>> Two studies did not
report a significant increase after NMES>%%7
with also no significant difference between
NMES and sham after the training protocol.””
Hamstrings peak torque showed a 33.9%
increase after NMES which was significantly
different with controls in favor of NMES.**
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Involuntary strength: Unpotentiated twitch after
NMES was reported to be significantly increased
with 14% which was significantly different
between NMES and sham after 6 weeks in favor
of NMES after adjustment for baseline.®® Unpo-
tentiated twitch after MST showed no significant
increase in both the intervention and the control
group.®!

Muscle endurance

Isometric endurance: A NMES study measured
time to exhaustion after an endurance test (iso-
metric contraction at 60% MVC) and reported a
37% increase in time to exhaustion after NMES,
which was significantly different with the con-
trol group®®. After MST, quadriceps muscle
endurance was increased with 44%. Muscle
endurance was measured as time to exhaustion
for isometric leg extensions at 10% MVC with
12 contractions per minute.®!

Isokinetic endurance: The fatigue index after a
quadriceps muscle endurance isokinetic test
(maximal number of contractions in 1 minute)
was reported to be decreased which was signif-
icantly different between NMES and controls in
favor of NMES.>”

Muscle mass. A 6% increase in mid-thigh and calf
muscle mass was reported, which was significantly
different between NMES and sham in favor of NMES,
measured by computed tomography (CT).>® In con-
trast, another study reported no increase in leg muscle
mass, measured by DEXA, after NMES.”® A third
study measured thigh circumference and reported a
significant 2.9% increase, which was significantly
higher compared to the control group.>® Another
recent study measured rectus femoris CSA via ultra-
sound after NMES and reported a significant increase
of 19.7%, which was significantly different between
NMES and sham in favor of NMES.® (Table 6)

Other training modalities (Table 6)

High-intensity interval training. One study performed
high-intensity interval knee-extensor training in
patients with COPD (Table 6). Muscle endurance of
the quadriceps, measured as peak work during an
incremental knee-extensor protocol with 2 W incre-
ments every 3 minutes, increased with 37.0% after
training.®” Muscle mass, measured with MRI, did not

increase significantly after HIIT of the knee
extensors.®?

Whole-body vibration training. Two studies implemen-
ted whole-body vibration training (WBVT) as their
training stimulus (Table 6)°>**. In one 6-week WBVT
study, isokinetic strength of the quadriceps and ham-
strings did not increase significantly after WBVT and
was not significantly different between WBVT and
control group after the intervention.> Another 12-
week study implemented WBVT or resistance train-
ing. Only the resistance training group increased their
isometric quadriceps strength significantly with
10.5%. However, no significant differences between
WBVT and resistance training were established after
the intervention (Table 6).°*

Woater-based training. One study compared water-
based with land-based pulmonary rehabilitation®’
(Table 6). Aerobic and resistance components of
training were similar for both water and land-based
training. The 6RM knee extension (92.7% and 68.0%)
and 6RM hip flexion (85.8% and 82.7%) increased
significantly after both water- and land-based train-
ing, respectively. Between group differences were not
significant (Table 6).°°

Comparing aerobic, resistance and combined aerobic and
resistance training (Table 7)

Aerobic versus resistance training. Isometric knee exten-
sion peak torque was compared after 12 weeks aero-
bic versus resistance training and increased
significantly with 42% versus 20% respectively,
which was significantly different between the two
training modalities.®® Isometric knee flexion force
increased 28% versus 31%, respectively,®® while iso-
metric knee extension force only increased signifi-
cantly (35%) after resistance training.®®

Aerobic versus combined aerobic and resistance training.
Significant increases were found after combined aero-
bic and resistance training (20%) and aerobic training
alone (7.8%) in isotonic quadriceps strength in favor of
combined aerobic and resistance training.® In contrast,
isotonic quadriceps strength did not increase signifi-
cantly after aerobic training compared to a significant
9-36.5% increase after combined aerobic and resistance
training in four other studies.®*”"¢ A similar phenom-
enon was reported for isotonic hamstring strength.®’
One study, however, reported no significant increases
in isotonic quadriceps strength after both aerobic and
combined aerobic and resistance training.”* Solely one
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study compared muscle mass between different training
modalities and reported a significantly increased bilat-
eral thigh MCSA, measured by CT, with 8% after com-
bined aerobic and resistance training but not after
aerobic training alone.®® Between group differences
were significant and in favor of combined aerobic and
resistance training.®®

Aerobic versus resistance versus combined aerobic and
resistance training. A study reported a significant
increase of 20.5%, 52.8%, and 52.8% in isotonic
quadriceps strength after both aerobic, resistance, and
combined aerobic and resistance training, respec-
tively.®” Isotonic hamstring strength also showed sig-
nificant increases after all three training modalities.®’
Significant between group differences identified a
greater increase in quadriceps and hamstring strength
after resistance training and combined aerobic and
resistance training compared to aerobic training.®’
Similar significant between group differences were
reported in the study of Vonbank et al., where the
aerobic training group did not improve its isotonic
quadriceps strength significantly.”

Training modality sequence. One study investigated the
sequence of training modalities and reported that 8
weeks of resistance training followed by 8 weeks of
aerobic training increased the sum of 1RM of lower
limb exercises with 26.7%. Comparable significant
results were found after 8 weeks of combined aerobic
and resistance training which increased the 1RM sum
with 27.7%, while 8 weeks of aerobic training only
increased the 1RM sum with 13.3%.”° Isotonic mus-
cle endurance, measured by repeated leg extensions at
60% of 1RM (12 repetitions per minute) until exhaus-
tion, increased significantly after resistance training
followed by aerobic training (+ 173.8%) but also after
combined aerobic and resistance training (+96.6%)
and after aerobic training (+46.9%).”> Both resistance
training followed by aerobic training and combined
aerobic and resistance training increased muscle
endurance significantly more compared to the aerobic
training group.””

Resistance training versus low-intensity training. Resis-
tance training increased leg press and leg extension
IRM with 58.2% and 44.4% compared to no signifi-
cant changes after low-intensity training. Resistance
training combined with low-intensity training
increased leg press and leg extension with 48.7% and
21.2%, respectively.”> Between group differences
established that adding resistance training

significantly increases strength more compared to
low-intensity training alone.””

Comparing NMES with other training modalities
(Table 7)

NMES versus aerobic training. Ten weeks of high-
frequency NMES (HF-NMES) (50 Hz) versus 8
weeks of aerobic training (treadmill walking and
cycling) in patients with severe COPD® increased the
quadriceps manual muscle testing (MMT) score sig-
nificantly in both groups with no significant differ-
ences between the groups.”®

NMES versus resistance training. Sillen et al. compared
resistance training (4 sets of 8 reps leg extension and
leg press at 70% of 1RM) to low-frequency NMES
(LF-NMES) (15 Hz) and HF-NMES (75 Hz)"’ and
reported significant increases in isokinetic quadriceps
peak torque after HF-NMES (13.7%) and resistance
training (8.3%). Isokinetic quadriceps peak torque
was significantly different between HF-NMES and
LF-NMES with the latter showing no significant
changes.”” Quadriceps endurance was measured as
total work (J) during an isokinetic test, which
increased significantly after HF-NMES (24.0%),
LF-NMES, (8.7%) and resistance training (16.3%).
Total work after HF-NMES was however signifi-
cantly higher compared to total work after LF-
NMES.”’

NMES as add-on intervention. One other study inves-
tigated the effect of adding HF-NMES (50 Hz) to a
10-week combined aerobic and resistance training
program.”’ Quadriceps strength, measured with a
IRM test, significantly increased with 18.4% and
31.0% in the NMES group and the sham NMES
group, respectively. No differences in quadriceps
strength were reported between the addition of NMES
or sham NMES to combined aerobic and resistance
training in patients with COPD.”®

Discussion

This is the first review of the English-language, peer-
reviewed literature that summarizes in detail the
changes in lower limb muscle function and muscle
mass after exercise-based training interventions in
patients with clinically stable COPD. Despite the
large heterogeneity in exercise training interventions
and outcome measures used, most exercise-based
trials showed improvements in lower limb muscle
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strength, muscle endurance, and muscle mass in
patients with COPD, which proves again the utter
importance of exercise training during pulmonary
rehabilitation.

Methodological considerations

Generally, lower limb muscle function and mass
improved in patients with COPD following the
exercise-based interventions. Nevertheless, multiple
methodological considerations need to be discussed.

Large variation in exercise-based interventions. In total,
70 articles were identified describing a variety of
exercise-based interventions. Indeed, the impact of
treadmill or outdoor walking, stationary cycling,
resistance training, elastic tube training, HIIT, NMES,
MST, WBVT, water-based training, or a combination
thereof on lower limb muscle function and mass have
all been assessed in patients with COPD. Which inter-
vention(s) is (are) best for which subgroup of patients
remains currently unknown. To date, only a limited
number of studies that assessed effects of exercise-
based interventions on muscle function/mass have
specifically recruited patients with COPD based on
the degree of lower limb muscle dysfunction/atro-
phy.®®7” For example, resistance training and NMES
are safe and very effective in COPD patients with
severe dyspnea and lower limb muscle weakness at
the start of the program.***> The low burden on the
impaired ventilatory system may be another reason to
select NMES or resistance training to improve limb
muscle function/mass in severely dyspneic COPD
patients.®*®” The purposes of resistance training and
NMES also reach the acute care setting and both train-
ing modalities seem viable and effective in increasing
muscle function and mass in unstable patients that are
hospitalized due to a severe COPD exacerbation.®®
This evokes physiotherapists to implement these
exercise-based interventions during and after hospita-
lization to counteract muscle weakness and wasting.

If the aim is to increase lower limb muscle func-
tion/mass, resistance training may be a better train-
ing modality than aerobic training.®”-’* This fits with
an important training principle: specificity, which
means that both acute exercise responses and train-
ing adaptations are highly specific to the type of
activity and to the volume and intensity of the exer-
cise performed.” It is especially important when
aiming to achieve a specific goal, for example,
increased muscle strength.”® Interestingly, increases

in lower limb muscle function (Figures 4 and 5) and
mass (Figure 6) also occurred after walking/cycling
training in patients with COPD.>-!!15:17.67.68.73.75.78
These cross-over training effects have also been
observed in healthy elderly’®®” and patients with
chronic heart failure.”®°° It can be hypothesized that
high-intensity (whole-body and local) aerobic exer-
cises are sufficient to induce significant morpholo-
gical (e.g. it can counteract skeletal muscle atrophy)
and functional changes related to the force generat-
ing capacity of the skeletal muscles in healthy
elderly subjects and in patients with COPD or con-
gestive heart failure. Nevertheless, it should be noted
that aerobic training combined with resistance train-
ing resulted in significantly greater improvements in
skeletal muscle force and in muscle CSA of the mid-
thigh compared to aerobic training alone in patients
with COPD (Figure 7). 67670707475 Thys when
patients with COPD are able to perform combined
aerobic and resistance training, this may be the pre-
ferred choice of exercise training modality.

Another popular training modality in healthy adults,
but still less used in patients with COPD is HIIT.
Whole body HIIT (e.g. cycling) has been shown to
improve muscle fiber proportion (type I and I1A
increase, type 1IB decrease), fiber size, and capillary
to fiber ratio in lower limb muscle regardless of GOLD
stage and presence/absence of cachexia.®'%*'% Local
muscle HIIT induced improvements in quadriceps
endurance, citrate synthase activity, and mitochondrial
respiration capacity.®> Muscle mass, however, did not
increase after local muscle HIIT.®* Measurements of
muscle strength have not yet been performed in
patients with COPD after HIIT. It seems likely that
HIIT training will mostly affect the aerobic capacity,
but in light of the cross-training effects on muscle
strength seen after aerobic training it seems worth to
investigate the effect of HIIT on muscle strength.

All studies reported a rather large variation in the
muscle response to the various interventions. In light of
this, in 17%, 8%, and 13% of cases where quadriceps
strength, quadriceps endurance, and lower-limb mass,
respectively, were measured, a nonsignificant increase
compared to baseline values was reported. This sug-
gests that not all patients may benefit to the same extent
from a similar exercise-based intervention, and/or
patients perform the exercise-based intervention to a
different extent, which, in turn will give a different
response in change in muscle function and muscle
mass. This variation in response is also reported in
healthy elderly.'® A similar phenomenon is also seen
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in the combined aerobic and resistance training study
of Jones et al., where sarcopenic patients increased
significantly their quadriceps strength while nonsarco-
penic patients did not.>° It is however specifically strik-
ing for NMES interventions because NMES protocols
did not differ greatly compared to the other NMES stud-
ies with significant results. Whether this is a variation in
individual response to NMES dependent on disease
severity or attributed to poor compliance to the treat-
ment in the home setting remains to be elucidated. In
general, for all exercise-based therapies, to date in-
depth analyses of responders and nonresponders in
muscle function/mass following an exercise-based inter-
vention have not been performed in patients with COPD.
Only then statements can be made about which under-
lying mechanisms (e.g. genetics, training intensity, train-
ing duration, disease severity, degree of sarcopenia,
compliance, etc.) are responsible for this nonresponse.

Large variation in the methodology used to assess lower
limb muscle function and mass. Lower limb muscle
function can be assessed using various methodolo-
gies, using different outcomes. Some are effort depen-
dent (isometric, isokinetic, and isotonic testing) and
others are not (n. femoralis magnetic stimulation).
Even within a specific muscle testing approach, for
example, isokinetic muscle endurance testing, differ-
ent protocols exist. Robles et al. also stipulate that
standardization is necessary to acquire reliable and
valid muscle function measures.'® Indeed, to enable
benchmarking between studies/centers and to perform
a meta-analysis, standardization of the muscle testing
methodology needs to take place. The Official ATS/
ERS statement on limb muscle dysfunction in COPD
proposes to use a strain gauge to measure isometric
quadriceps peak torque.? Indeed this method is com-
monly used in the research setting, but whether and to
what extent this method has been implemented in
daily clinical practice remains currently unknown.
Furthermore, without standardization of testing pro-
cedures, it is difficult to make conclusions about
which increase in muscle function/mass is actually
clinically relevant. To the authors’ knowledge, there
is no minimal clinically important difference (MCID)
developed for evaluating the relevance of muscle
function/mass increments.'*®

Envisioning Figure 4, the different muscle strength
outcomes seem to respond differently to exercise train-
ing, with isotonic strength clearly being more respon-
sive to the effects of exercise training in comparison
with the other strength outcomes. This is in line with a

study from Frontera et al., where knee extensor and
flexor strength gains were 10 times greater measured
via 1RM (isotonic) compared to Cybex (isokinetic),'"’
and a recent meta-analysis in healthy elderly reporting
that resistance training had large size effects on upper
and lower limb 1RM (isotonic strength) while only
medium size effects on lower-limb MVC (isometric
strength).'®® The training principle of specificity most
probably plays a large role in explaining this phenom-
enon. During resistance training sessions, patients per-
form their movements on the same device and in the
same motor pattern as during the 1RM testing method,
while this is not the case when other strength tests (i.e.
computerized and/or handheld dynamometry) are per-
formed. Thus, neural adaptations specific to the type of
training are suggested to explain this phenomenon,
resulting in more pronounced increases in strength
when mimicking the training movements during
strength test procedures.'®®!'? Also, the strength—velo-
city relationship comes into play, suggesting that
increases in slow contractions are gained after slow-
velocity resistance training and increases in fast con-
tractions after high-velocity exercise training.''' Thus,
velocity and characteristics of the movements during
training are important factors to take into account when
interpreting strength tests.'"’

Recommendations for future research
and practice

Several studies have implemented exercise training
programs that focus on short-term efficacy. Still, the
currently available evidence did not enable the devel-
opment and validation of a clinical decision tree in
setting up an exercise-based pulmonary rehabilitation
program, including setting, training modality/modal-
ities, intensity, frequency, and duration. Such a clin-
ical decision tree, already in development for
cardiovascular disease,''? would support health-care
professionals to choose the most optimal training
approach, taking multiple outcome measures, the
baseline characteristics of patients with COPD and
their personal care needs into consideration. Interest-
ingly, a reduced muscle function/mass can occur due
to a variety of reasons.”? Whether and to what extent
exercise-based therapies can also reverse the impact
of other underlying causes of muscle weakness/atro-
phy (i.e. low-grade systemic inflammation, oxidative
stress, accelerated aging, smoking, endocrinological
disturbances, etc.) remains to be determined but may
partially explain the lack of response to exercise-
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based therapies in individual patients. Therefore,
future research may also want to take these covariates
into consideration.

Obviously, consensus needs to be reached among
clinicians and researchers on how to assess muscle
function and mass before and after an exercise-based
intervention. At least, the chosen tests should be
safe, reproducible, valid, and accurate. The clinical
decision tree together with standardization of the
methodology of muscle function and mass testing
will reduce the heterogeneity in the future trial
results. Indeed, this will also allow us to better
understand which patients will respond poorly to our
exercise-based treatments. In fact, exercise training
also fails to have a positive response in all healthy
subjects.!!37116

Additionally, in those patients with a beneficial
short-term response to exercise training, longitudinal
effects need to be studied. Indeed, maintaining the
benefits on a long-term basis seems difficult.'!” Only
a few studies have shown that it is possible to main-
tain muscle function improvements after a long-term
follow-up of 6-18 months in patients with
COPD.?>2% 118 Therefore, focus should also be placed
on educational interventions and behavior change.’
The behavior change interventions may also enable
the development of exercise maintenance strategies
for patients to adopt a physically active and more
healthy lifestyle. In addition to exercise training,
nutritional support also needs to be taken into consid-
eration to optimize maintenance or increments in
muscle function and mass.

Methodologically, more research with a high level
of evidence is required to address future research
recommendations. After analyzing the study designs
used in the included studies in this review, 40 (57%)
of 70 studies were designed as (non)-randomized
controlled trials, with only 17 studies providing
“good” quality research. On the other hand, 29
(41%) of 70 identified studies used a single group
design with (n = 5) or without (n = 24) a healthy
control group that followed a similar intervention.
The lack of trials with a nonexercising COPD control
group might be due to the “unethical” aspect of
denying patients access to a highly effective
evidence-based intervention. A crossover of the ini-
tial nonexercising COPD control group after a wait-
ing period might be a possible solution. Concerning
sample size, 20 (29%) of the 70 studies used a small
sample size (defined as » < 10 per group). Hence,
regarding future research, it seems advised to lift the

current level of evidence by setting up more RCTs or
crossover RCTs with large sample sizes.
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