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GIA TRI CUA CAC DAU HIEU DAC HIEU TREN CONG HUONG TU
TRONG CHAN POANPHAN BIET U BAO THAN KINH VA
U MANG NAO TUY DUO'l MANG CO’NG - NGOAI TUY

TOM TAT

Muc tleu Nghlen cfu clia ching t6i muc dich dé
danh gla cac dau hiéu hinh anh ddc hiéu trén cong
hudng tur (CHT) dé bo xung cho phan biét u bao than
kinh (UBTK) va u mang nao tuy (UMNT) dudi mang
cring — ngoai tuy, tap trung vao 3 dau h|eu [3 tin hiéu
dang nang, dau hiéu dudi mang cling va dau hiéu
rong 16 lién hop. Phuong phap: Nghlen ciu thuc
h|en trén 42 bénh nhan (BN)UBTK va 18BNUMNT du’d|
mang CLrng - ngoai tuy da dugc chup CHT c6t song
truéc mo tai trung tdm Chan doan hinh anh Bénh vién
Hitu nghi Vlet Duc tUr 7/2019 - 12/2021. Két qua:
UBTK hay gap tin hiéu dang nang (SE 64.3%, SP
100%, PPV 100%), dau hiéu lam rong 6 lién hgp (SP
94.4% va PPV 92.3%) han UMNT; con UMNT hay gdp
dau hiéu dudi mang cung (SP 97. 6%, PPV 90.9%, NPV
83.7%) hon c6 y nghla thdng ké vai do tin cay 95%
(p<0.05). Két Iuan Céc déc diém tin hiéu dang nang,
dau hiéu duoi mang CLrng, dau hiéu 1am rong 10 lién
hgp ¢ the cung cap cac dir kién hitu ich dé phan biét
UBTK va UMNT trén hinh &nh CHT. UBTK hay gdp tin
hiéu dang nang, d&u hiéu 13m rong 16 lién _hdp han
UMNT; con UMNT hay gap dau hiéu du6i mang cirng
hon UBTK.

Tu khoa: u bao than kinh, u mang nao tuy, dau
hiéu dang nang, dau hiéu dudi mang cling, dau hiéu
rong 16 lién hgp, cong huédng tur.
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Ping Khanh Huyén’, Nguyén Duy Hung!?

- EXTRAMEDULLARY SPINAL
SCHWANNOMAS AND MENINGIOMAS
Objective: Our study aimed to investigate the

specific signs on Magnetic Resonance Imaging (MRI)
in providing useful data to differentiate between

intradural - extramedullary schwannomas and
meningiomas. Materials and Methods: This
retrospective study reviewed 42 patients with

intradural - extramedullary schwannomas and 18
patients with intradural - extramedullary meningiomas.
All patients had undergone spinal MRI prior to surgery
at Vietduc University hospital, Hanoi, Vietnam, from
July 2019 to December 2021. Results: Patients with
schwannoma showed significantly higher frequency of
cystic change sign (SE 64.3%, SP 100%, PPV 100%),
neural foraminal widening sign (SP 94.4% va PPV
92.3%); patients with meningioma showed
significantly higher frequency of dural tail sign (SP
97.6%, PPV 90.9%, NPV 83.7%) (p<0.05).
Conclusion: cystic change sign, neural foraminal
widening sign, dural tail sign were useful in
differentiating between intradural extramedullary
schwannomas from meningiomas. Cystic change sign,
neural foraminal widening sign were significantly
common in intradural - extramedullary schwannomas;
dural tail sign was significantly common in
meningiomas.

Keywords: Schwannomas, Meningiomas,cystic
change sign,dural tail sign, neural foraminal widening
sign, Magnetic Resonance Imaging.

I. DAT VAN PE

U dudi mang cirng — ngoai tuy la cac u nam &
khoang dudi mang cing — ngoai tuy cla tuy
s6ng, trong dé u hay gap nhat va thir 2 [an lugt
la UBTK va UMNT véi ty Ié mac khoang 55-
90%2. Cac u nay thu’dng lanh_tinh, nhung co
thé chén ép vao tuy sbng, day, ré than kinh sGng
gay cac triéu chiing l1am sang anh hudng dén
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chat lugng cudc séng ngudi bénh3.

Phuong phap diéu tri t6t nhat hién nay la
phau thuat, tuy nhién cach thirc phiu thuat cda
2 u cd mot s6 diém khac biétl3. Phiu thuat
UBTK yéu cau cat bd ca mang cling va mang
nhén do u & khoang dudi nhén, phai khau kin
mang ciing va mang nhéndé€ tranh rd dich ndo
tuy sau mo. Ngugc lai,UMNT ndm & khoang dudi
mang cing, phai loai bd cd u va phan mang
CL'rng ti€p xuc vdi u, viéc bdo ton mang nhén
gidp tranh ro dich ndo tuy Do vay, du doan mo
bénh hoc truéc mé glup phau thudt vién tién
lugng phuong an phau thuat va tién lugng BN
sau phau thuat.

CHT c6t s6ng cd tiém thudc dbi quang tur gitp
phat hién, md t& ddc diém hinh anh, cac bién
chiing chén ép, xam lan, lién quan vdi cac cau
tric 1an can va gbp phan dua ra cac ggi y vé ban
chat u. Nhin chung, trén T2W, UBTK thudng tang
tin hiéu, con UMNT thudng dong tin hiéu; trén
TiW, ca 2 u thuGng dong hoac giam tin hiéul*,
Do d8, su’ khac biét vé tin hiéu trén T2W co thé
st dung dé phan biét UBTK va UMNT. Céac nghién
cltu trude day da cho thay cd su khac biét gilra tin
hiéu clia 2 u trén T2W, tuy nhién su’ phan biét con
nhiéu khé khan*. Ngoa| ra, mot sO nghlen ctu da
gdl y dau hiéu du6i mang cling va rong 10 lién hgp
cling hitu ich d€ phan biét 2 loai u nay3>.

Vi vay, muc dich cta nghién cttu cia chung
t6i la danh giacac dau hiéu tin hiéu dang nang,
dau hiéu dudi mang ciing, rong 1o lién hgptrong
phan biét UBTK va UMNT.

Il. BOI TUQONG VA PHU'ONG PHAP NGHIEN CU'U

Nghién clftu hoi ctu thuc hién trén 60 BN gom
42 UBTK va 18 UMNTduGi mang cifng — ngoai
tuy da chifng minh qua két qua giai phau bénh.
Cac BNdéu dugc chup CHT cot sdngtrudc mé tai
trung tdm chén doan hinh anh bénh vién Hiu
nghi Viét Duc tir 7/2019 - 12/2021, gém 10 cét
s6ng cd, 29cdt sng nguc, 19 cdt sdng thdt Iung
va 2 cbt song cung. Protocol chup la cac chuoi
Xung cd ban gém: sagittal TIW trudc va sau
tiém thudc dbi quang tUr, sagittal va axial T2W,
trén mdy CHT Siemens 1.5T Magnetom Essenza
(Siemens, Erlangen, Germany) hodc Philips
Ingenia 1.5T (Philips, Netherlands). Hinh anh
dugc luu trlr tai hé thong Infinitt Pacs, dugc
phan tich hdi clru bdi 1 bac si chdn doan hinh
anh han 10 ndm kinh nghiém.

Tin hiéu dang nang (hinh 1) la ving cé tin
hiéu tuong dugng dich ndo tuy, tang manh tin
hiéu trén T2W, giam tin hiéu trén T1W, khong
ngam thu6c d6i quang tir sau tiém, bao gom ca
vi nang va nang Ién2. Dau hiéu dudi mang ciing

(hinh 2) la phan mang cirng day, nga”m thudc doi
quang tusau tiém, lién ti€ép vgi u va thon gon
dan ra khdéiu & 2 ben1 Rong 16 lién hap (hinh 1)
khi u lan vao hodc lan qua 10 lién hgp 1 bén gay
rong 16 lién hgp so véi bén ddi dién, co thé xam
Idn xuang hoac khong®.

S6 liéu théng ké dugc x(r ly bang phan mém
SPSS 20.0 (IBM Corp, Armonk, New York, Hoa
Ky). Cac bién dinh lugng dugc mo ta dudi dang
trung vi va khoang t phan vi, kifm dinh bang
thudt toan Mann-Whitney test, Kolmogorov-
Smirnov; cac bién dinh tinh dugc md ta bang
phan trdm, s lugng, kiém dinh bang thudt toan
Binominal test, su’ khac biét cd y nghia théng ké
vGi p< 0.05 tugng Ung véi do tin cay 95%.

Hinh 1: UBTK & BN n{r 49 tudi. U & dudi
mang crng — ngoai tuy ngang mdc dét song L3,
tdng nhe tin hiéu so vGi tuy s6ng trén sagittal
T2W (A), dong tin hiéu trén sagittal TIW trudc
tiém (B), ngam thu6c manh, khong dong nhat
trén sagittal TIW sau tiém (C) va c6 phan tin
hiéu dang nang (mii tén manh). U chén ep, de
day cac reé dubi ngua sang trai, lan qua va lam
rong 16 lién hop L3/4 phai (mii tén dau tam giac)
trén axial T2W (D), khong c6 dau hiéu dudi
mang ciing trén T1W sau tiém.

Hinh 2: UMNT & BN nif 51 tudi. U (mdii tén
manh) & dudi mang cing — ngoai tuy ngang muc
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dot sbng T7-T8, dong tin hiéu vdi tuy song trén
sagittal T2W (A) va sagittal TIW trudc tiém (B),
ngam thuéc manh, dong nhat sau tiém thudc va
¢6 dau hiéu dudi mang cirng (mdi tén dau tam

Il. KET QUA NGHIEN cU'U

giac) trén sagittal TIW sau tiém (C). U chen ép,
day tuy s6ng ra trudc - sang phai, gdy phu tuy,
khdng thday tin hiéu dang nang trén T2W va
khong gay rong 10 lién hgp trén axial T2W (D).

60 BN trong nghién c(tu gém 42UBTK va 18UMNT,trong d6 c6 22 nam va 38 nif, tudi tlr 18 - 83.
Bang 1: Phan biét UBTK va UMNT trén cac dac diém chung va cac dau hiéu dac hiéu

trén cong hudng tur
S aim Loai u
bac diem UMNT (n = 18) UBTK (n = 42) P
Tuoi 61 (41-83) 48 (18-68) 0.00*
G Nam 1 (5.6%) 21 (50%) 0.00%%
N 17 (94.4%) 21 (50%) 0.63
Kich thudc 9.97 (6.5-23.9) 12.1 (7.7-58.8) 0.013%
c6 1 (5.6%) 9 (21.4%) 0.02%%
Vitri Nguc 15 (83.3%) 14 (33.3%) 1.00
! Thatlung 2 (11.1%) 17 (40.5%) 0.001%%
Cung 0 2 (4.8%) -
Tin hiéu dang dich 0 27 (64.3%) 0.00**
D3u hiéu dudi mang ciing 10 (55.6%) 1(2.4%) 0.012%%
D3u hiéu rong 16 lién hop 1 (5.6%) 12 (28.6%) 0.003%*

*kiém dinh Mann-Whitney U, ** kiém dinh Binomial test (p < 0.05)khac biét c6 y nghia théng ké

vGi do tin cay 95%.

Tudi cia nhdm UMNT cao hon UBTK, kich thudcciia nhém UBTK I6n hon nhém UMNT; ty 1é UBTK
cao hon UMNT & gigi nam, vi tri cft sdng c6, that lung cd y nghia thdng ké véi dd tin cdy 95%.Tin
hiéu dang dich va ddu hiéu rong 1o lién hgp hay gap & UBTK han UMNT; dau hiéu dudi mang cing
hay gép 8 UMNT han UBTK c6 y nghia thong ké véi do tin cay 95%.

Bang 2: B nhay, dé dac hiéu, gia tri du bao duong tinh va 4m tinh cua cac dau hiéu
dic hiéu trén hinh anh céng hudng tir trong chdn dodn phdn biét UBTK va UMNTdudi

mang cirng — ngoai tuy

~ A 2v .o | Gid tri du bao | Gia tri du bao
Pac diém U DS%“I?V B9 dac gueu duong tinh am tinh.
(SE)(%) | (SP) (%) (PPV) (%) (NPV)(%)
Tin hiéu dang nang UBTK 64.3 100 100 54.5
Dau hiéu du6i mang cirng | UMNT 55.6 97.6 90.9 83.7
Dau hiéu rong 16 lién hgp UBTK 28.6 94.4 92.3 36.2

Trong 3 dau hiéu trén, tin hiéu dang nang cé
SE va SP, PPV cao nhét cho chan doan phéan biét
UBTK, lan Iugt la 64.3%, 100%, 100%. Dau hiéu
dudi mang cing chi cé SE 55.6% cho chan doan
phan biét UMNT, tuy nhién c6 SP, PPV va NPV
cao lan lugt la 97.6%, 90.9%, 83.7%. Dau hiéu
rong 10 lién hgp cd SE va NPV thdap nhung cé SP
va PPV cao, lan lugt la 94.4% va 92.3% trong
viéc chdn doan phén biét UBTK véi UMNT.

IV. BAN LUAN

Cac u ngoai tuy va trong tuy séng chiém [an
lugt 80% va 20% cac u cla tuy song® va hai
phan ba cac u dudi mang clrng — ngoai tuy s6ng
la UBTKvaUMNT!. UBTK c6 ngudn géc tir téb ao
Schwann ré sau than kinh song, thudng dan doc,
ranh gidi rd, ¢ vo, ndm vé phia bén cla 6ng
sdng, cONUMNT phat trién tir cac t& bao mang
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nhén, thudng nhd, don doc, tron hodc bau duc®.

Cac nghién cu trudc day phan biét 2 u nay
tap trung vao tudi, gidi, vi tri va cac dic diém
hinh anh CLVT va MRI™, UBTK va UMNT déu co
thé g3p & bat c Ia tudi nao, tuy nhién hay gap
& ngudi 16n tudi, vaUBTK,UMNT & ngudi tré cé
xu hudng xam lan cao hon, tién lugng xau, ti 1€
tai phat va tor vong cao han so véi ngudi I6n
tudi’. Lee JH va cdng su?, Eiichiro Iwata va cdng
su® bdo cdo tudi trung binh ctia nhdm UMNT [an
lugt 1a 59.7 va 68, cla nhdm UBTK lan lugt la
47.6 va 56.2; ca 2 nghién cltu déu cho thay tudi
trung binh ca nhom UMNT cao hon UBTK cé vy
nghia thong ké véi do tin cay 95%. Nghién clru
cla ching toi cho két qua tuong tu véi trung vi
tudi cia nhém UMNT va UBTK [an luct 13 61 (41-
83) va 48 (18-68). Két qua nghién clu cla
chdng téi cho thay kich thudc clia UBTK I&n han
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UMNT cbd y nghia thong ké vdi trung vi kich
thudc Ian lugt 1a 12.1 (7.7-58.8) va 9.97 (6.5-
23.9), tugng tu nghién cru cua Xiaodong Zhai va
cong su?, Lee JH va cOng su?. Theo Xiaodong
Zhai va cong su?, ty 1€ UBTK cao han UMNT &
giGi nam, c6t s6ng that lung; ti 1€ UMNT cao han
UBTK & c6t séng nguc. C6 mot s6 yéu t6 nguy cd
lién quan dén tang ti 1€ mac UMNT nhu:
hormone ndi sinh hodc ngoai sinh, béo phi, thudc
1&; yéu t6 giam ti I&é mac la phu nit cho con bu8.
Trong nghién cru cla chdng t6i, UBTK cao han
UMNT & gidi nam, c6t s6ng that lung, phu hgp
v@i két quad cac bao cdo trudc day. Ngoai ra
UBTK con cao han UMNT & c6t séng c6 va khéng
0 su khac biét ¢ y nghia thong ké & cot song nguc.

Theo nghién clu cua chung t6i, UBTK hay
gap tin hiéu dang nang hon UMNT cé y nghia
thong ké vai do tin cay 95%, trong dé 64.3%
UBTK c6 tin hiéu dang nang va khong c6 UMNT
nao co tin hiéu dang nang. Eiichiro Iwata va
cong su®, Lee JH va cong su?, Xiaodong Zhai va
cong su?, Wei Chiang Liu va cdng su* déu cho
thdy tin hiéu dang nang (tang tin hiéu manh trén
T2W) hay gap 6 UBTK hon UMNT cd y nghia
théng ké, cho rang tin hiéu dang nang la yéu t6
t6t d€ chadn doan phan biét UBTK. UBTK c¢d 2
ki€u md bénh hoc dién hinh la Antoni A 13 viing
day dac té bao va Antoni B la vlng it t€ bao,
gilra cac té bao cé thoai hda nang chlra day chat
nhdy uva bazd, cic vi nang cé thé két hap lai
thanh cadc nang 16n°. Ki€u Antoni B 13 yéu t6
chinh tao nén tin hiéu dang nang. S6 lugng vung
Antoni B thay d&i, cé thé it hodc thiu hoan
toan®. Ti Ié hay gap cla tin hiéu dang nang &
UBTK c6 thé Ia nguyén nhan tin hiéu trén T2W
cla UBTK tang hon UMNT trong nhiéu nghién
cttu. Theo Xiaodong Zhai va céng su?!, UBTK cé
tang tin hiéu khong déu trén T2W so véi UMNT
cé y nghia théng ké véi do tin cdy 95%. Ngudc
lai, UMNT c6 thé giam tin hiéu trén T2W do véi
hoa khoang 20-30%3. Han nifa, theo Akinobu
Suzuki va cong su'®, hiém gap tin hi€éu dang
nang ¢ UMNT & tuy song.

Phu hgp v@i cac nghién cru trudc day, nghién
cliu cla ching t6i cling cho thay dau hiéu dudi
mang cing hay gap 8 UMNT hon UBTK c6 y
nghia thong ké vai do tin cdy 95%%2*>. Dau hiéu
du6i mang cing la mot trong cac dau hiéu ggi y
UMNT nhung khdng déc hiéu, c6 thé gdp & di
can mang mém, bénh u hat, u lympho. Dau hiéu
dudi mang ciing gap & 64% UMNTtheo Lee JH
va cdng su?, 60.4% theo Xiaodong Zhai va cong
su', 57% theo Alorainy va cong su, tuong tu
nghién clru chung toi vGi ty 1€ 55.6%. Chi c6 1

UBTK trong nghién clru clia ching t6i c¢é dau
hiéu dudi mang ciing, chiém 2.4%. Lee JH va
cdng su? cling bao cao c6 2 bénh nhan UBTK co
dau hiéu du6i mang ciing (chiém 1%). Két qua
nghién ctu clia chdng t6i cho thay dau hiéu duoi
mang ciing ¢ SE th3p 55.6% cho chan doan
phan biét UMNT, tuy nhién cé SP, PPV va NPV
cao lan lugt la 97.6%, 90.9%, 83.7%; tuong tu
két qua clia Xiaodong Zhai va cong su* véi SE chi
60.4% nhung SP, PPV va NPV cao lan lugt la
93.6%, 84.2%, 80.7%; theo Liu va cOng su* vdi
SE, SP, PPV Ian lugt la 58.3%, 94.6%, 80.8%.
Theo Alorainy va cong su, dau hiéu dubi mang
ciing & UMNT hay gap nhu u mang nao trong so
va khong phai la ddu hiéu xam lan cla u ma
phan anh phan tfng xad mach mo.

Trong nghién clfu cla ching tdi, dau hiéu
rong 10 lién hop hay gap 6 UBTK han UMNT co y
nghia thdng ké vai dd tin cay 95% vdi ty 1é rong
10 lién hgp chiém 28.6% cac UBTK va chi c6 1
trudng hgp UMNT co rong 10 lién hgp (5.6%), SE
va NPV thap (1an lugt Ia 28.6% va 36.2%) nhung
c6 SP va PPV cao (lan lugt la 94.4% va 92.3%),
tugng ty' nghién clfu cda Liu va cdng su? co 18%
UBTK va 0% UMNT lam rong 10 lién hgp, dau
hiéu rong 16 lién hgp hay gap ¢ UBTK han UMNT
cd y nghia théng ké véi SE, SP, PPV lan lugt la
19.6%, 100%, 100%. UBTK c6 thé lan tir khoang
dudi mang clfng — ngoai tuy ra ngoai mang cirng
tao hinh gi6bng qua ta (dau hi€u Dumbbell), lam
rong 16 lién hgp, do u phat smh tr t€ bao
Schwann ré sau than kinh soqg Ngugc lai,
UMNT terdng khdng lan qua 16 lién hop, rat
hiém lam rdng 16 lién hdp, con goi 1a “dumbbell-
type meningioma. Nghién clu clia Iwata va
cdng su® cho thady c6 14/56 UBTK va 1/24 UMNT
c6 dang Dumbbell, su khac biét cé y nghia théng
ké vGi do tin cay 95%.

V. KET LUAN

Cac dac diém tin hiéu dang nang, ddu hiéu
dudi mang cling, 1am rdng 10 lién hgp cé thé
cung cap cac dir kién hitu ich d& phan biét UBTK
va UMNT trén hinh anh CHT. UBTK hay gdp tin
hiéu dang nang, dau hiéu lam rong 16 lién hdp
han UMNT; con UMNT hay gap dau hiéu dudi
mang c(fng han UBTKco y nghia thong ké véi do
tin cay 95%.
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MOQT SO YEU TO NGUY CO' VA MOI LIEN QUAN VO'T TON THUONG
MACH NAO CUA NHOI MAU KHU VU’'C PONG MACH NAO SAU

V6 Hong Khéil23, Pham Thi Ngoc Linh?, Pham Duy Tung*

TOM TAT

Muc tiéu: M6 ta yéu té nguy cd cla bénh nhan
nh6i mau khu vuc dong mach ndo sau va phén tich
mai lién quan gilra cac yéu té nguy cd vai ton thuang
mach ndo clia nh6i mau khu vuc dong mach ndo sau.
Doi tugng va phuong phap: Nghién clfu mo ta tién
cttu dugc thuc hién trén 68 bénh nhan nhoi mau nao
thudc vung cdp mau cla dong mach ndo sau diéu tri
tai Trung tam Than Kinh, Bénh vién Bach Mai ttr thang
3 ndm 2017 dén thang 3 nam 2018. K&t qua: Nhom
ngh|en clru gébm 68 benh nhan trong dé 44 nam, 24
nr. TuGi trung binh cta nhém ngh|en ctu la 64, 79 £
11,29. Ty |é nam: nir la 1,83. Cac yéu t6 nguy cd hang
dau Vvan 13 cac yé'u to géy xg vita mach mau. Tang
huyet ap la yéu to nguy cc hay gap nhat (77,9%),
udng rugu ( 44 1%), hut thudc 1a (38,2%), dai thao
dudng (39, 7%), roi loan chuyen héa lipid mau
(29, 4%) Tién sU tai bién mach nao it gap hon (16,2
%). YEu t6 nguy cd hang dau cua huyet khai tur tim la
rung nhi ding th{r sdu (11,8%). C mai lién quan cé y
nghia thong ké gitra mirc d6 ton thugng mach mau va
s6 yéu t8 nguy cd vdi p < 0,05. Bénh nhan cé nhiéu
hon 2 yéu t6 nguy cd sé 6 kha ndng bi tdc mach
chinh cao gap 2,8 lan bénh nhan cé dudi 2 yéu té
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nguy cg. MUrc do tan phé sau 30 ngay o] nhu’ng bénh
nhan tdc mach chinh cao gap 16,5 [an nhdm tic mach
xién.

_ Tur khod: Nh6i mau khu vuc dong mach ndo sau,
yéu t6 nguy cao.

SUMMARY
RELATIONSHIP BETWEEN RISK FACTORS
AND CEREBRAL BLOOD VESSEL DAMAGE OF

POSTERIOR CEREBRAL ARTERY INFARCTION

Objective: To describe risk factors of posterior
cerebral artery infarction and to analysis relationship
between risk factors and cerebral blood vessel damage
of posterior cerebral artery infarction. Subjects and
methods: A prospective, descriptive study of 68
patients with posterior cerebral artery infarction
treated at the Department of Neurology, Bach Mai
Hospital from March 2017 to March 2018. Results:
Mean age was 64.79 + 11.29, male/female ratio was
1.83. The leading risk factors are still those that cause
atherosclerosis. Hypertension is the most common risk
factor (77.9%), alcohol consumption (44.1%),
smoking (38.2%), diabetes (39.7%), metabolic
disorder. blood lipids (29.4%), history of stroke is less
common (16.2%). The leading risk factor for
thrombosis from the heart is atrial fibrillation (11.8%).
There is a statistically significant relationship between
the degree of vascular damage and the number of risk
factors with p < 0.05. Patients with more than 2 risk
factors were 2.8 times more likely to have a major
embolism than patients with less than 2 risk factors.
The degree of disability after 30 days in patients with
major occlusion was 16.5 times higher other group.

Keywords: Posterior cerebral artery infarction,
risk factors.
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