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Abstract

Three-dimensional (3D) printing has emerged as a transformative force in orthopedic
traumatology, facilitating a shift toward unprecedented levels of patient-centric care. This
review provides a comprehensive examination of recent advancements in additive
manufacturing and its clinical applications, emphasizing the technology's capacity to overcome
intricate surgical obstacles. We offer a rigorous analysis of various 3D printing modalities
integrated into orthopedic practice, specifically focusing on their utility in preoperative
planning, high-fidelity surgical simulations, and the fabrication of patient-specific implants
(PSIs) and personalized surgical guides. The scope of this review encompasses diverse
anatomical regions, including trauma of the upper and lower extremities, as well as complex
pelvic and spinal injuries. Current clinical evidence indicates that 3D-assisted interventions
significantly optimize surgical workflow by reducing operative duration and intraoperative
hemorrhage while enhancing the precision of fracture reduction and overall clinical prognosis.
By synthesizing contemporary research and empirical data, this paper evaluates the current
technological landscape and explores future trajectories. As these technologies continue to
mature, 3D printing is poised to redefine surgical standards, fostering more personalized,
efficient, and effective outcomes for trauma patients.
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3D 393306 #H9dbmemaos 98 3mbGHgJuBHdo FoedmBbos, MMM 39OHL3gJG0IEo
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30330993H9OHo  GmImyMsgzool (CT) dmbsggdgddy oghbmdom, dso d9dabgls
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530(0l w5 GgLsdgol ImEgbowmdqgdol OML 13gE0sEOLEHYDTS godmoygbgls
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3o BMLGHI©  TMIMRIL OO MI0MGOJO  BOMRBOGHJOO  3530963H0OL 96035 ME
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B56193900 3Hod9bol 890l JmEgbomdgdol EMHML balinsmgds Lym3gMo30Mm OMOL
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05350 3D 0893©30L 3Mmi3gbo 90%-00 99300 GHMOIOE0  JoEYMTJOD
0905609000. ©MOMOL gl 93mbMBos  Foblv3 MMMV VOMYIMWOS A9V IOJO
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909bgo350 0dobs, ™A Jgbx ol BHEMS3900L ML 3D B9 F30L Y30MOEHIMOGOO
5835655, Jobo 293 gbs 3MBEBHM3GMSEF0VIE MGodOEO0ESE0LS S 3MB30EW0DsEoOl
bobaMdwogmdsbg  33wog3  dgbfogerol  Logsbos. 3D 39330L  G9gdbmermaools
93093058056 9O5, JMbIEMEObY0s, HMT 080 BYIE MBOHM 360d369eM356 Mgl
3956OHgdl dgbxols s bgebgdol GO IH0s6YdGOOL FoMIMN3530, MY

330035HmdL  39MLMbI0BYIME  9)Y39GOWPdOL  JewobolzmMo  dody
390mbg93990Lm30U.

boMolbol  3mbGOMmEols ©s  BEBEsMEH0Bbsgool  dgsboBdgdo  Point-of-care
§o63mgdobsls

3D 39330L 39dbmemyogdol 0b@HgacsEos MIMswm© 3obozne ao6gdmdo
dmombmgl  boGobbol  doemzol 9353600  LobBHJIgdol  IBgMPIL, MM
MBOWb3gmygmaow 0gbsl  353096GHOL  MBORODMBMYdS s 033WbEHIdOL
d0mdgdsbozmMo 9MoMds. 306500056 0OMMYLIIO 36OM©OMIE0
060003000950 605, GHM©0E0Mo bgOoMwo §oMmdmgdolmzol sdsboliosmgdgwo
U396 INEHODsE00L FgOMGd0 O 6530905 9B9JBHVIM0S, BOE 930 gdgl bools
350EHEO00L b0 3MMEHM Mool 993mdsggdsls (Morrison et al., 2015).
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369-360;39b60639¢0 35¢P03305: JB 9BHO30 803938 0BMMEo dmbs39dgdol
LoBMBEGHOL JMBEEGHOMWU. $ME0WdgE0s 359MYgbgdre 0dbsl Fbmwm bsdgoEobm
LgOEG0R0E0Mmd00L (FDA/CE) 9dmby  3Gma®msdmmo  mHBeOMblgmymays, ®mdgwos
MBOHWb39ymall DICOM gsowgdols (CT/MRI b3sboMgdol dmbs39dgdo) vsbszsmam
30639635305l 3D 9mgwgddo. ©@obsobol  9@EHedbg bgwmzbmdo  0bEHgwgd@ol

10



X 9605330l 3moE03s, §3mbmdozs @s bmgommemaos 2026; 10 (1) Health Policy, Economics & Sociology

5EMMH0mIGO0L 259Myqbgds LHFI> GBSl 0deg35 FMbOIL IEHZOMMZ0L obsfogdols
LodMsE0s, M3 d060ddsdg sd30Mgol 033esbEHol dgdsbozmeo w3dseolimdol
6oL3L.

ps&dmgdol 36eaggbols dmbodmmobgo: Point-of-care fo®dmgdolisl 360303290
dsboEgdol LY EHOBOE0MYdS. BydOLdogMO 3ME0dgMo M) wommbol gbgbowo »bws
399L585990MmEIL BOMMOZLYISEMIOL LogMHSTMOOLM LBObEIMEHYIL (Fog. ISO 10993).
093030l 3Mm39Ldo M9MHIMWO 500980l S IMJJdoL OGBOL LoBMLEOL MHY39G O
dmboBMmm0bao 930w gdgE0s ool SBoBMEHOM3Mo M30U9089d0L LTS3
©5 bHOIIHVOYLO ©IBIIHIOOL 053006 L3 YPOI.

30bH-36mpgbobgricmo @5  Uig®oermbolb  30069Gegro: 3D 993000
M009d3H9gool Moo  ggmdgBcmos  bdodMs  sMMMwgdl o  LOHYYEYMITOEn
BAHIOOWODBOGOSL.  53009dg0s  B3YE0R03MMO  3OMEMIMEGIOL  35OEIGOY,
HMI9003 00035¢00L{0bgd96 dsliseol MMM s Jodo)H TgMdbmdgEMdIL. oM
530by,  033WIBGHOL  BYIZ0MOL  LLdMEEM™  ©sddsgzgds  (dmbggfhs)  Mbs
bmM309w©gdm©glb 935300  JMbGHOMOol 4399, Goms  2sdmocMoibml  dozMm-
©989dAIO0L  5OLGOIMBS, 5353 TgLodErms MBI  JuM30wgdOL o0 DB0SBYOS 96
363090010 3MM39L9d0 FodmofzomU.

0bLGHOGMEOMO ©MbgbYg, 3D 89330l WSBdMOIGHMM09dTs b IBMAMD
bs®obbol doemngzol LolEgds (QMS), MmIgwos ©ogRmdbgds ISO 13485 LEObIOEL
(Bos, 2018). gl «B6Hb3gwymaly Homdmgdol 3GmEglol LM d033Wg35MdsL S
593060900 ,bfsgeol M mom® (learning curve) 459mf3999w 3e00b03MMH d9EMIOL,
o3 LEOMEWMMP HBOEOL BOMBL IBIsEH MO0 Ho®BMgGdOL F0TsMD MODMIJGOOYIE
JoMeyosdo (Javaid & Haleem, 2018).

©al336s

0659090569 dodmbogrgsdo asbbowwmw 0dbs 3D 893308 GH9dbmemyogdols
80906569 2963056905 MOMNM3J)O0MW GHGM9305GHMEWMY05d0 s bobo do9u3s dobs
GOobLRMOs30M  3m@9bzoswl  Ubgoolbgs  3e0bozm®o  8035M)0gd00.
d9bhogoe  odbs  doBomso  FgOMPMEMA0900,  domo  3M0b303900U,
30653 gumdgdoLs @S TGJHBPM©3930L  Fom35¢0olHobgdom. BsdOMATo Qs5bscobs
OO GH®s3dwo  dm@GHgbowmdgdol  93mbowmdol  4sdmfigg39d0  ©@s oL
06035309600 25050943930 gd900, MHMIgdLsi 3D 89330 3300935DMOL Bgs
939005 3000MOOL, s1g3zg A9bxols s bygMbgdewrols GHEMms3z3dgdol MMU. fomdmoygbowo
93039090900  ILAGHVMGOL, MMI  sMbodbMo  FHYIbMmEMm0s 59X MdILYOL
JoOMEGA0M ©5293350gdsL, BOOL M9J300L LOBMLEIL, ST30MGOL Lom3gMo30Mm
©@OMLY S BOLLEEOL B3PV, T3S, MLOTROPBM 300bozMEmo IBYMHP30LMZ0L
3oLomM3z5wolHobgdgwos  olgmo  BodBHMmMgdo, MMAMOOEss  FoLserol  LodBHIoEol
35600509035,  LAHIOOWODBIEOOL  LOOMMEGJO0 S  JoOOYMS  J9TDIIOOL
SIBOLGOMAS.

dmdsgerol  39OL3gJ@0gs80, 3D 39330L  0bGgMOEos  MOMM3)05d0
36003690™m356  bobEHMAL  29bsbmM30gwgdl.  dmbsermbgwos, MH™I  JoMHOMOO
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416050 ©gds 353930 gds  d0omdgF30L  (Bioprinting) 39dbmermyogdbg,  Mog
boogdsls dmy339dl  993Jdbs  353096GHDY  MEH0gbEHOMGOMWO, BOMMOZ3LYOSO
003¢9b6Ggd0 QoM MmIgLdIEo  MBEGHIMOBEGHIAMSE00L  MbsGom.  BogowomMo,
00Md9335 dgLodEgdgl AobolL (3mEbswo Jumzowol 306351900l (b3sRMeEgdOL)
©53DogdsL, OMIWgdoz bgwl Fgmhgmdgb dzwol MgaqbgMozost  30mb3MgE o
©9BIIGHOL o®gdo.

3D 09330L LobyM0sd bgermzbm® 0b6@EggdBHmb (AI) glsdems M9g3meEwY305
3mobOobML  M39M5(3050009  ©JR03500, Mo3  F9FMObsGgds 060300

003¢9b6Ggdols @5  JoOmGmRoEo  Jodembgdol  oBsobol  93EHMIdEGH0BoE0sTO0.
bgwm3bme 0bGgagddHl d9mdeos m3GH0doBsE0s 2993900 083esbEHOl oBsobl
353096@0L 30Md9s6035Bg oYM bMdOm, Mo3g 23BOPOL ol FoddEGMdL. FOMIS
530b9, ,F330060 FoboegdoLs” s Bsdgbgdmeo LblmMgdol 4sdmygbgds 0d3¢sbE9ddo
15 gdsl IMY3390L Mo EMMT0 353MmbEHOMEM™ Jgbm®EgdoL 3GMMELO ©
569 9393DY 499M3530bMo QMMM dgd0 (5. 06539309).

0bm3530m6m0 4D 39330l  GHgdbmemyos Jabol 033wsbEgdol obsdozm®o
G®obLRMEO>300L  FgbodgdMBL  MJIBOOEGES300L  3MHMEILOL  3569EYEMES.
A996mEmaome  3OMAMILMD gOHMo©, TmlBsermbawos  goslgws Point-of-care
dmgmby, o3  2olbdmdl 06030 MMO  033¢bEJOOL  MIgMoGOvIE
o00mqdol  Mdom©  BsdgoEobm  salgdMEgdol  JeMgdmdo.  S©bodbmeo
396L39JGH03900L  36M5dBH03Mwo  MJooDgds 30 Fmombmgl  FsMgyME0MgdgEo
050090900l ©AEg35L, FgoMmOL  boXgR9JGHMIOMOOL  Ys®  ©oLOdMYMYdLS
13900l 3Ho00560 3000603900 33¢093900L BoEMGdL 20dge35000560 T9g9YA9d0L
350EHEO0LMZ0U.
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