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Background: Management of residual limb volume affects decisions regarding timing of fit of
the first prosthesis, when a new prosthetic socket is needed, design of a prosthetic socket, and
prescription of accommodation strategies for daily volume fluctuations.

Objectives: This systematic review assesses what is known about measurement and
management of residual limb volume change in persons with lower-limb amputation.

Criteria for selecting studies for this review:

Types of studies: Table 1,2,3

Types of participants: Lower limb amputation

Types of interventions: Group I: descriptions of residual limb volume measurement techniques;
group II: studies investigating the effect of residual limb volume change on clinical care in
people with lower-limb amputation; and group Il1: studies of residual limb volume management
techniques or descriptions of techniques for accommodating or controlling residual limb volume.
Types of outcome measures: Table 1,2,3

Search strategy for identification of studies:

Conclusion: Overall, limited evidence exists regarding the management of residual limb
volume, and the evidence available focuses primarily on adults with transtibial amputation in the
early postoperative phase. While we can draw some insights from the available research about
residual limb volume measurement and management, further research is required.
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Table 1.
Sumemary of residual imb vobmme measurement teckmigues (group I articles).
oo Noumtmtuneons oo Spatial  * Comme Change Error
Techuique/Study Device 550 cubjert  Erpor (08 Embreplicas or Shapes and
- Contacted Humunul. Movement?  (mm) ::lb_ran_s mth_ Tests Tsed
Resdunm? (scam fime) (=) ampuotaton) (Vi)
Water hEplacement
Femnie &t al. [1] 0 X X HA 1.0 Limb replicas, repeatahbil-
ify samor
Siarr [ 0 X X HA L3 Limb replicas, repeatahbil-
ify samor
Casting + Water Displacement
Conmean et al. [3] X X Q HA 0.3 Limb replicas, repeatabil-
iy ermar
Anihropometric AMeasarement
Erouzkop et al [4] X X Q MR 0n=47 Limb replicas, compar=d
with water displacement
Boonhang [5] X X Q KR NE Subjects with amputation
Boonhang [5] X X Q KR 1457 Subjects with amputa-
tion, conpared with
water displacement
Contact Frobes
Ermuozkop et al [7] X X X Ll e -51=84 Subjects with amgma-
tion, compared with
water displacement
Varmah et al [2] X X {ad X yp < 10 NR Cylindrical medel, com-
pared with actoal shape
MoGamy & McHugh [¢] X X X ovp = L0 NR Cylindrical madel
up to 43
MioGarmy f& McHugh [10] X X X ovp = L0 NR Cylindrical madel
up to 43
MoGarmy et al. [11] X X X upto 83 37upto 103 Limb replicas. compared
with high-resohition
instTument
Optical Silbonetting
Schreimer & Sanders [12] 0 O(L1) X 05 NR Cylindrical madel
Sanders & Lee [13] 0 015 Q 02 01, 0.67.0 Limh replica, repeatabdl-
ify emmar;, limh replica
repeatability emor with
without camedtion alze-
rithm
Optical Fringe Projection
Conmean ot al. [3] Q O -1 X L] 0.5 Limb replicas, repeatahil-
ity ermar
Conmean of al. [14] Q Q=1 X L] NG Limbh replicas, repeatahil-
ity ermar
Tirasound
He eral [13] [0 X{78n X L5 NR Cylindrical madel
He eral. [14] [0 X{7:m X L5 NR Cylindrical madel
SXCT
Smith et al. [17] 0 X3n X R an Cadaver leg phantom,

compared with water
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Table 1. (cont)
Summary of residual limb vehmes measursment techniques (eroup I artickss).
DEIOTHOn i tantan Volume Change Error
Becamse - oAb B Frrer from Spatial . 113!'!
. - (=5 5) . {on limb replicas or Shapes and
Technigoe Siudy Device Sobject Error . - -
Measurement? smbjects with Tests Used
Contacted . Movement? (mm) .
Residuum® {scam fime) (5) amputation) (%4}
I ] ER) X TE =17 [0 Tercas, Tepeatni-
ity errar
Smath et al [19] O X33 X NE <14 Subjects with ampuga-
thon, Tepeyability emor
Commsam et al. [3] O X33 X 0.4 0.6 Limb replicas, repaatabil-
ity emor
Commean &t al. [20] O X33 L] 10 NG Mlarkers placed om subjects
with ampsation, repeat-
abilify emwor
Laser Scanming
Famie et al [21] O O (0.8) X NG NG Ho evalation reparted
Ohberg etal [23] O X {1 X NG NG Ho evalation reparted
Lilja & Obarg [13] O X{1m X NG 15,05 Limvh replicas, compared

with casting + water dis-
placement; bmb repli-
s, repeatability emmor
Johanszon & Oiberg [24] O X {1 X NG 0304 Limvh replicas, compared
with casting + waber dis-
placement; limb repli-
cas, repeatability emor

MEI
Bais e al [25] o X500 ] 04 NG Sabjects with amputa-
thon, compared with dis-
placement gauze and
MEI sysiem resoluton
Bioi
Sanders et al [26] Cr O =10y 4] HNA 0l Hondizabled subjects,
repeatability duning
standing

I Farza (35, Holhday PJ, Lobk A, An memremant for momboring s o cedemns and shrmiage I anspreieas. Prosthet Dothos Ine 15/ B.0] 20— 1L |BBii: SeFua]
DOL10 310300364 TRO0] T77 70
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[PMID: BA29825]
DOL10. 1015 50003 -Saa3 (o003 7-4

4. Erceeslioop TAL Yalcinkaya M, Mnilenberg AT, Holland KC, Zoniga FN. A meacerenent techniqne o assess mesidual limsb vohme. Orthop B 187%8:88-T77.

3. Boonhong J. Coerslafion bestwean volumwes and circunsforences of residnal imb o balow kmee anspratess. J hed Assoc Thai 2008 8% 5eppl 30514

- 17T

. Boonhong J. Validity and reliakdlity of girth mesas=mement (circur=famnce measuramant] &7 caloulating maidnal mb veleme in beloa-knes amputess. Cheala Med
L 0T 51 T-EB.
T. E’mn.l:-:p' TA. Deugherty D, Yalcisiora M, Mutlanbarg A Measuring the shape and vobire of an sbove-kneo shomp. Prosthat Orthot Int. 1988 12{3) 13642
ST T
&. Vazmah W, Dinaric DM, Sand T4, Hastings JA, Slocum JE, Harming DA, Gorion GE. Parfommencs of 2 comtimonsly sampling hamd-held digitrar for residual-Emb
shapa meastramsant. T Prosthat Crdhot. 19970(4)c1 37-62. DOT:10, ] 067 DO00E T2~ ] SOTHOOE-(O00G
8. MoGarmy T, McEngh B. Bralation of 2 conmmpemry CAD/CAM syssos. Prosthat Crthot Int. 2005 208(3): 22129 [PMID: 164661 32]
DOL10. 108003053 &40 500100457
10 McGarry T, MicHegh B. Comparison of the meselts of four msems of a comtemporary CADVCAM syvizen. Prosthet Orthot Int. 20073 1{1)c27-35.
; : 1736588
DOL:10.1080:03003 630500042101
11. MoGarry T, Mciugh B, Bus A, McEay G Evaluation of the efect of shaps on a contemperary CAD system. Prosthes Orthot Int. 3008, 33(20:145-34.
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Table 1. {cont)

Summary of residual imb velume measurement techmigoes (group [ artcles).

TE Schmizar B, Sanders JE A salbousiong shape woscr for e esdml Hovo of 3 below-kies Empuiee. IEEE 1ram Rehaml og. 1095, 53] o5i—13.
DeOT-00 11 0eVES 413167

13. Sandems JE, Lo 5. A means to accommodate residml linsh movument dering optical scamming: A techmical notm. IEEE Trans Mewral Syu Bohabdl Eng
2DOE; 1607): 505-9. [PMID: 180008
D10 M O THERE 008 20033 EE

14. Commean PE, Smith EF, Vannier MW. Detgn of a 3-D surface: scamer for lowrer bmb prosthetics: A technical note. J Rehabil Res Dev. 19963331 267-78.

. il

-
i

15. He P, ¥ne K. Chexn ), Murka P Schall 5. A PC-baved ultrasomic data acquisition system for compater-aided prostistic sockst destgn [FFF Trams Baohabdl Eng
1996:4{2):114-1%. [PAIT- £70E07E]
DOT 1001 VEE. S0E40E

16 Ha P, Xne K. Mwia P 3-D imaging of recidnal Embs using nltasound. T Bskabil Fos Dev. 1997;34(3):260-78. [PMID: 9230619]

7. Sp=ith KE, Vazmier MW, Corzmean PE. Spimal CT volhiestry for beloo-kzeo rsidem. IFEE Trans Rekabi] Eng. 19953323541, DOT-10.1 100VES. 413155

1% Spaith KF, Commmean FE, Bhatia & Vanniar MW, Validation of spral CT and optical surfacs scanning for lowrer linsh stemp volumetry. Prosthet Orthot Int
1995;1897-107.

15, Spaith KE, Commsan PE, Vamnier MW, Rosidual-Exb shape changs: Thres-dimsansiomal CT scan measumament and depiction in vive. Radiclogy. 1986 20003):
£43-50. [EMID: E756032]

2. Copmosan FE, Bronsden 55, Smith KE, Vammier MW, Balew-knee rexidual Emb shaps changs measursment and vismbization. Arch Floys Bed Rahabil 1998,
TO(T)-772-B2. [PAMID: SSE5090]

oo 3

2. Furzie GF, Griggs & Bartlett 5, Lunam E. Shape sensing for computer abded below-koes prosdietc socket desizn. Prosthet Orthot Ing. 19B55(1):12-16

[P0 000805]

Obarg K, Rofman 1, Earsson A, Lindstrom B, Siglad & The CAPOD system—A Scandinaiam CADMCAR sysem for prosthetic sockets. J Prosthet Cirthot.

19ER; 1(F): 13945 D01 10,109 D 0008 3261 SRS 0HMH-0 I E

1. Lilja B, Tberg T. Volumetic determinations with CADICAM i prosthetics and orthotics: Frrors of measnrament | Rehabil Res Der. 199532(2)c141-26.

T

34 Johamssom 5, Obarg T Accurscy and precision of volmmetric determminations using taro commmercial CAD systems for prosthetics: A teckedcal note. T Bahahil
Eoo Do 1998:35{1:27-33. [PMID: S303250]

2% Buis AW, Condem B, Brennas 01, McHugh B, Hadley D, Mumnatic msomncs imaging teckmology in tanstibial socket ressanch- A pilot study: J Rebabil Ras
Do 200643 7):883—50. [PMID: 17435174]

35, Sanders JE, Rogers FL, Abmhamson D, Assesmmant of residual-linsh volumss chamgs using hicimpedance. J Rohabdl Res Dae 27 4404): 32534
: 182472
D:OT-10.16B2TRED. J00:6 08 O006
MRI = magnatic rewonance imaging, NA = not applicable, B = not gheen, NB. = not relavant becamse tevting was condncted on cylindrical model, O = niot pressnt,

SKCT = spiral X-ray computar tomgraply. typ = typécally, X = prosent
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Table 1.
Summary of articles inclnded in groups I and IIT
Auth Gra M tMethod o, Inmtermal Validity oo  Additional C
T op eATOTEmED Desien® teTE 3 Validity ategory
Troldberg et al. [1] i1 Water DiEplacement E3 Low Low Early [imbe, whirlpool therapy
Manella [2] m Anthropemetric El Miodera High Early limbs, shrinker sock vs
EB

Fernis & Holliday[3] @I Water Displacement (4] Moderas Moderate Early and mapare limbs

Muneller [4] m Anthropemetric El Moderats Modarate Early limbz, BERD vs EB

Lizdberg et al [3] O&I  Anthropomeiric El Law Low Early limbs, adaptable device

Persson fr Lisdberg [4] I Anthropemetric 03 Low Moderate Early limbsz

Wilzon et al [7) Im HA ] WA A Adaptable davice

Golbranson et al [3] o Anthropemetric Water 2 Low Moderate Correlated measurement tech-
Displacement miquas in sarly limbs

Pinzur et al. [9] Im HA b WA HA Adaptable device

MacLean £ Fick [10] D& IT  Anthropometric 2 Moderate High Early limbs, 5B vs EB

Lilja & Oberg [11] o Laser Scan Q3 Low Hizh Early limbs

Lilja et al [13] o MEI 06 Low Hieh Early limbs

Lilja =t al [13] o Laser Scan 03 Moderate Moderate Early limbs

Wopg & Edelstein [14] O& IO  Anthropometnic El Moderate Hieh Early limhs, 5ED v= EB

Board et al. [15] I Casting + Water [Hs- E5 Low Modemte Manre lmbs, vacuum-assisted
placement SUSPETEEN

Goswami et al [16] I Casting + Water Dhs- E5 Low Moderate Manare limbs, vacuam-assisted
placement Sy

Graf & Freijah [17] Im Casfing + Water Fill/ El Moderane Hizh Early limbs, BRD vs ERD + zel
Displacement sock

Greenwald et al. [18] I Fluid-Fill=d Bladders Q6 Low Low Adaptable device

Zachariah et al. [19] o Optical Scan 03 Hizh Hieh Manue limhbs

Nawijo et al. [20] Im HA 52 A A Systematic review

Sanders efal [21] o Optical Scan 03 Moderate Hizh Manue limhbs

Sanders efal [22] Im Fluid-Filled Bladders L8]] Hizh Hieh Adaptable device

Singh etal [23) o Ulirazound (4] Moderate Hizh Early limhs

Tanchai et al. [24] m Anthropemetric El Moderate Hizh Early limbs, RED vs EB

Ogawa et al. [25] m Fluid-Filled Bladders Q& Low Low Adaptable device

Sanders etal [24] IO Bioimpedancs 03 Hizh Hizh Manhare limbs

*Falar o0 Appendix | (2vaibble colng only) and Hammes [27] o7 sy desgn SescIphors.
1. Goldbeag MI, Cahear IV, Carvom IF. Voleme changes m belon-knes ampehifion siumgn as affucted by type of whizpool-tamk bypdrotheragny. § Ame Garombal Soc.
1988 1&(1):101-105. [PAMOD: JE34455]
1 Mamalla KT, Comgparing the sBectvensas of slastic bandsges and shriskar socks for bommr axtransity avgrateos. Phys Ther 1981:61{3)-334-37. [PAIT: 7265627]
3. Farxde G, Hollidyy PI_ Voleme fincmations in the reddnal Embs of lowsr i ampuiees. Arch Phoys Med Bshahbil 1982;63(9):152-55. [PMID: 708213%]
4. Musller M. Comoparison of menmable dgid dressings and slastic bandapes in preprosthetic managemsant of patiants with boloo-knos amprotations. Phys Ther.
192,501 09:1436-41. [PRID: TIXXRE]
3. Ligedtsarg E, Hommmerherg H, Pemson BM. Tolernos of sarly welidng with tofal comtact aovong below-imes amputess—A4 randomized test. Prosthet Orthot [,
1983;7(2):91-05. [PMID- &873240]
& Parvwon BB, Lisdbarg E. A clinical stzndard of stursp meanmemsent and clasziScaticon in bower bmb asoputess. Prosthet Ordet Ine. 1983,7(1):17-24.
. 1 T
7. Wikon AE Jr, Schmch CM, Mitschis RO, A variahle volems socket for below-knes prosthesss. Clin Prosthet Orthot. 1987 11(1:11-15.
8. Golmanson FL, Wirn EW, Emncir BT, Lisher RL, Oishi C. Vohime changes ocomring in postoparative below-knos reideml Embs. T Rohabil Res Der
19EE25(7):11-18. [PMID: 3361455
% P M5, Angelice TA, Coigiey MY, A vohme-adaptahle prosthesis for ankle disarticulation. T Prosthet Orthot. 1993;5:77-78.
D05 101097 000083 261 0930 PO0-0003
10. MacLean M, Fick &FH. The affect of wouirigid dreasings on below-imee amputations. Phys Thee 1994, 74(7):668-71. [PMID: BOLELSS]
11. Liljs M, Cherg T. Proper time for definitive tanstihial prosthatic fitting. J Prosthet Orthot 1997;6(2):00-57_ 001 0 1007 D000E 256-]1 9070002 0-00008
12. Lilja M, Hoffmeem P, Obarg T. Morphological changes during sarty cans-tihal prosthetic Stting. Prosteet Orthot Int. 1998 25(2):115-22. [PMID: 0747355]
13. Lilja M, Jehansson 5, Obarg T. Falaeed varsus activated stenap muscles during casting for trans-tibial prostheses. Prosthet Orthot Ine 1099:33(1):13-20
- £

JERIID:; 10335632)
14. Womg CE, Edelstein JE. Unra and clastic postoparative dressings: Comparison. of their effects on finction of adults with anspetation and vasmbar dissase. Arch
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Table 1. {conf)
Summary of articles incioded in groups I and IT.
TE Board W1, Simeat AL Caapers L. A compastson Of Dans-Ohial armpuies sucion and vaniem sooke! condiiom Prosthat Lrinet 1. SR, L 53] J0a—5.

[EMID: 11E60004]
1 )
15 Growwand 1, Lyzm B, Street & Harlandar M. Walking in 2 vaomes-assisted sockst shifts the stemp finid balance. Prosthet Orthot Ine. 2003, 27(2):107-13.
1 el

17. Graf M, Fruijah M. Easly trans-thial oedsma control ming pelymer gal socks. Prosthet Crthot Ine 200327322 1-26. [PMID: 14727703]
DOT-00.10B0/ 03083440 306 T2 668

1E. Groszwrald BM, Dwan R, Board W, Voleme mamagemant Spart Varable Geometry Socket (SVES) techoology for lowser-linsh prostheses. T Prosthet Orthot.
2003;15(3):107-12 DO 10 1007/ 00008 525- 30030 700000011

15, Zachariah 5C, Saxema B, Fargasom TR, Sanders JE. Shape and woleme change in the transtibial residmem over the short term: Prelievinery invesigation of six
snhjects. J Rahahbil Bea Dev. 2004:41(7)0583-24. [PMID: 1553830E)
D010 ISELTRRED. 2003 1900 53

1. Mawdjn 5E, Van der Linds H, Ermnelot CH. Hofstad CJ. Stemp manxgeeant after trans-tibial ansprataticn: A syvtematic review. Prosthet Orthot Int. 2005, 29(1):

26. [ERID- 16] B0374]

13-26 L i

Il Sandems JE, Zachariah 54z Facchsan AK, Fergason JE. Clanges in inferface pressemes and shear stresees over tims on trans-thizl amputes subjects ambalating
with prosthetic Emba: Comsparison of dmrmal and six-month &ifferences. § Biomech 3005 3E8(E):1566-73. [FAID- 13958212]
DOT-00.10167 jhicesech 2(H14. 08,008

12 Sandems JE. Tacobsem AR, Fergason JB. Effects of fluid insart volume changes on socket pressumes and shear strassas: Case stodies o tan trams-tibial ansgrates
snhjects. Prosgiet Orthot Int. 2006:30{3 25760, [PMID- 171525146]
DOT10 1060/ 03083540600 B1 0266

13, Simgh B, Hunter 1, Philip A Fhuid collections in apgprates stamps: A corzmon phenomenon. Arch Phys bed Rehabil. 2007 E8(T):661-563. [PMID: 1746673 7)

T 5 T

il

DOT10 1016 apeer 2007.00. 016

14 Tanchai 5, Boonheng J, Tiampraadt J. Companizon of remevable rigid dressing and slastic bandage n educing the residnal Emb vohme of balow kmse ampu-
tes. § Med Ascoc Thai. 2O0E;1(9): 144145 [PRID: 18343875]
3. O A, Obdnaty 5, Hase K, Tur l?ﬁ:p.m\{ Dwsign of lowsr Exnb prosthesis with comtact pressure adjestment by ME fluid. Conf Proc IEEE Eng Med
Bicl Scc. 2008:2006:330-33.

35 Sanders JE. Harmisom DF, Allyn KT, Myers TR Clmical wtility of in-socket resideal linsh valnme changs meammensnt: Case study remlts. Prosthet Orthot Int.
2009 33(4): 37850, [PMID: [906] 30T
DOT00 31 (030036400032 1 4067

I7. Hafner B. Amenican Acadey of Orthotists and Prosshetists state-of-the-sciancs evidencs reports. The Acadszmy Today. 2008:42):44-A8.

EE = alastic bandags, ME] = mametic msonancs imaging, NA = not applicabls, RRED = meosonabls dgid drassing, SRD = sapairizid dressing

Table 3.
Sumemary of residual limb aliprment teckmigues.
Technique Study Application Shapes

Minimization of wolime Diiierences Sidles et al [1] Fesidual [mbs, sockets
Smith et al. [2] Besidual limbs, using markers

Anatomical Landmarks Chahands at al. [3] Fecidual limbs
JTimensz et 2l. [4] Fecidual limbs

Top and Bottom Slice Centmoids Lamaire & Johnson [5] Sockets

Minimization of Volome Differences and Zacharizh st al. [§] Bacidual limbs

Surface Mormals

T Eidles JA Boone DA Harlen 15, Dargess DAl Rechbcanon maps: A Dew Method for descnbmg mndual Gmb and socket skapas. ] Prosihet Ltaot. 106,
1{3)c148-53. DOT10.1087/00008 524-1 DE0000-00002
1 Spdth EE, Commezn FE, Vannier M. Eesidmi-lonb shape ciange: Three-dimemrional CT scan mexverement 2nd depiction @ wive. Radiclogy. 159
200384350, [PMID)- E7T56042)
3. Chzhande A, Billalonts &, Wakd ™. Lomrar linsh shape characcrizytion wing fahm sxacton techoiques (noncontct sar soanming). Proceedings of the 165th Anmal
Intmaticnal Conforence of the [EEE Farmearing in Modicing and Biology Society; 1998 Mov 3-; Baltimorn, MD). Los Alamitos (CA): IEEE: 1984, p. 48283,
4. Jimsmez I, Darm T, Bogers B, Walsh M. Locating anainmical hindeeoics ﬁzrwusrlah:dw.puy.qgmsmlﬂnmlmuh P'mmdm.g e:l"ﬂ:n]ﬂm‘u.a‘h.en.a]ﬂm
furence on Newral Metworks; 1997, Homtom, TH. Prcatrsy (W) [EEE; 1997, p. B1-87. Aveihblo from: e I ]
=1L 0
. Lar=aire FI, Johmeom F. A quamtitathoe: methed for comparing and svaliating mamal prosthetic socket modifications. [FEE Trans Rohabil Eng. 1996H4):303-5.
[PBIID: BST3554]
DeOT10 1] C6VES 547831
& Zachariah 5 Sommson E, Sandars JE. A method for aligning tems-tibial rexidual Gmb shapes so as to ideatify regioms of shaps change. IEEE Trans Neural Syu
Eghatdl Eng. 2005 13(4):351-57. [PMID: 1§6425837]
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