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Abstract

We examined whether the preoperative time required for the Timed “Up and Go” (TUG)
test could predict the risk for deep venous thrombosis (DVT) in patients with hip osteoarthritis
after total hip arthroplasty (THA). Eighteen patients with DVT diagnosed by venography were se-
lected, and 18 without DVT of the same age and sex and with the same operated side as the DVT
group were selected as a control group. We evaluated the 5 preoperative factors that might affect
the occurrence of DVT complications, as follows:disease duration, body mass index, serum total
cholesterol, subjective pain evaluated by the visual analog scale, and TUG. The JOA hip score
(pain, range of motion, walking ability, and daily life) was also evaluated before surgery. As a
postoperative factor, we checked the postoperative day when weight-bearing was initiated. As a
result, TUG (DVT, 18.4+/-4.0 sec vs. control, 15.0+/-3.2 sec;p0.01) was only significantly differ-
ent between the 2 groups. The ROC curve revealed that the cut-off point of 15.3 sec in preoperative
time for TUG was sensitive (83.3%) and specific (61.1%) for DVT after THA (odds ratio7.0;95%
confidence interval, 1.6-30.8). These results suggested that low preoperative ambulatory ability
in patients with hip osteoarthritis might be associated with DVT after THA. An improvement in
TUG before surgery might contribute to a decrease in the occurrence of DVT after THA.

KEYWORDS: preoperative Timed “Up and Go” test, deep venous thrombosis, total hip arthro-
plasty, hip osteoarthritis
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We examined whether the preoperative time required for the Timed “Up and Go” (TUG) test could 
predict the risk for deep venous thrombosis (DVT) in patients with hip osteoarthritis after total hip 
arthroplasty (THA).  Eighteen patients with DVT diagnosed by venography were selected,  and 18 
without DVT of the same age and sex and with the same operated side as the DVT group were 
selected as a control group.  We evaluated the 5 preoperative factors that might affect the occurrence 
of DVT complications,  as follows: disease duration,  body mass index,  serum total cholesterol,  sub-
jective pain evaluated by the visual analog scale,  and TUG.  The JOA hip score (pain,  range of 
motion,  walking ability,  and daily life) was also evaluated before surgery.  As a postoperative factor,  
we checked the postoperative day when weight-bearing was initiated.  As a result,  TUG (DVT,  18.4±
4.0 sec vs.  control,  15.0±3.2 sec; p＜0.01) was only significantly different between the 2 groups.  The 
ROC curve revealed that the cut-off point of 15.3 sec in preoperative time for TUG was sensitive 
(83.3ｵ) and specific (61.1ｵ) for DVT after THA (odds ratio＝7.0; 95ｵ confidence interval,  1.6-30.8).  
These results suggested that low preoperative ambulatory ability in patients with hip osteoarthritis 
might be associated with DVT after THA.  An improvement in TUG before surgery might contribute 
to a decrease in the occurrence of DVT after THA.
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otal joint arthroplasty is well-recognized as an 
effective surgery to decrease impairment and 

improve ability in the daily life of patients with 
osteoarthritis by alleviating pain.  While this proce-
dure is very successful in clinical practice,  deep 
venous thrombosis (DVT) and pulmonary embolism 
(PE) are significant complications.  The prevalence of 

DVT in patients receiving total hip arthroplasty 
(THA),  as determined by venography,  is reported to 
be 10.0-40.1ｵ [1-4],  and that for PE to be 0.7-
30.0ｵ (fatal is 0.05-0.4ｵ) [5].  The risk factors for 
DVT after THA are as follows: aging [6],  female 
gender [7],  body mass index [8,  9],  history of DVT 
[7],  the development of coagulation and fibrinolytic 
markers before [10] or after surgery [11],  pro-
longed bed rest [7,  12],  or delayed weight-bearing 
after the operation [13,  14].  Therefore,  early diag-
nosis and appropriate treatment for DVT are essential 
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to prevent subsequent PE.
　 As a screening test for DVT,  D-dimer (Dd) in 
serum is often evaluated.  According to Shiotaʼs study 
[4],  the predictive power of Dd for DVT is highly 
sensitive (95.5ｵ) and specific (96.9ｵ) when the cut-
off is set at 10µg/ml on the 7th day after THA.  We 
have previously reported that patients with elevated 
Dd levels,  more than 10µg/ml after THA,  require 
more time for the Timed “Up and Go” test (TUG 
[15]) before surgery [16].  The purpose of this study 
was to examine the relationship between preoperative 
TUG and DVT complications after THA,  and to 
determine the cut-off point of TUG for detecting DVT 
complications.

Materials and Methods

　 Participants. One hundred sixty patients with 
hip osteoarthritis (Hip OA) who received THA in the 
Department of Orthopaedic Surgery,  Okayama 
Univer sity Hospital between 1998 and 2005 were 
retrospectively reviewed.  The criteria for patient 
selection were as follows: 1) female gender,  2) pri-
mary joint replacement,  3) no medical history of heart 
disease or collagen disease,  4) no smoking in the past 
or present,  5) no complications other than venous 
thrombosis (dislocation,  vascular problems,  arrhyth-
mia requiring treatment,  pneumonia,  infection,  or 
nerve palsy) during or after surgery,  and 6) the abil-
ity to walk on admission (with or without a walking 
aid).  As a result,  33 patients with DVT were 
selected.  We next,  checked the chart for patients 
without DVT and identified those having the same age,  
gender,  and operated side as the 33 patients with 
DVT.  As a result,  18 of 33 patients with DVT could 
be matched to 18 patients without DVT (18 patients 
with DVT (Group D),  another 18 patients without 
DVT (Group N)).  The 2 groups were matched com-
pletely for age (average 70.3±5.3 years,  range 
62-79),  gender (all were females),  and operated side 
(9 right and 9 left).
　 DVT diagnosis. Venography was performed 
for all 36 patients on postoperative days 14 to 21 
(16.0±2.7).  Patients in Group D were diagnosed with 
DVT based on the cut-off sign or filling defect sign.
　 DVT prophylaxis and physical therapy.
None of the patients received prophylactic agents 
before or after surgery.  A foot-pump system was 

worn on the non-operated foot during surgery and on 
both feet from postoperative days 1 to 6.  Patients 
were also encouraged to do active motion exercise for 
the ankle joint (calf pumping) of the operated leg as 
much as possible during bed rest.  Ambulation with 
weight-bearing began on postoperative day 5 with 
parallel bars and progressed to gait with a cane until 
postoperative day 14.
　 Measures. We reviewed 1 postoperative and 5 
preoperative factors that might influence the occur-
rence of DVT,  including disease duration before 
surgery (duration),  body mass index (BMI),  serum 
total cholesterol,  visual analog scale (VAS) for the 
intensity of subjective pain,  the time required for 
TUG [15] as ambulatory ability,  and the postopera-
tive day when weight-bearing was initiated.  TUG 
consisted of standing up from a chair (seat height 
45cm) and walking straight for 3m,  turning,  return-
ing to the chair,  and sitting down.  Subjects performed 
the tasks as naturally as possible (speed and/or walk-
ing device).  We measured the performance time in 
seconds and adopted the faster time from the 2 tests.  
After performing TUG,  patients expressed subjective 
pain when moving using the VAS scale [17].  We also 
evaluated the JOA hip score before surgery.  This 
consisted of 4 items (pain,  range of motion in the 
operated hip,  walking ability,  and daily life ability); a 
perfect score was 100 and the worst 0.  To focalize 
ability,  we also evaluated the sum scores (walking and 
daily life ability,  perfect score was 40,  worst 0).
　 Data analysis. Six factors and JOA hip score 
(total score and ability score) were compared between 
the 2 groups using the unpaired t-test.  To determine 
whether TUG would be a significant factor between 
the 2 groups,  multiple regression analysis was used to 
show that TUG was an independent factor.  If TUG 
was independent from other factors,  the cut-off point 
to predict DVT complication after THA was chosen 
based on optimal sensitivity and specificity.  For all 
tests,  a p value ＜0.05 was considered statistically 
significant.

Results

　 To compare between the 2 groups,  only TUG was 
statistically different.  Patients in Group D required 
more time to complete TUG than patients in Group N 
(18.4±4.0 sec v.s.  15.0±3.2 sec,  p＜0.01) (Table 
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1) (Fig.  1).  The multiple regression analysis showed 
that TUG was not affected by another factors (age,  
duration,  BMI,  VAS,  T-cho,  JOA hip score).  A 
ROC curve showed that the optimal cut-off point with 
TUG before THA for predicting a DVT complication 
was 15.3 sec,  with an 83.3ｵ sensitivity and 61.1ｵ 
specificity (odds ratio＝7.0; 95ｵ confidence interval,  
1.6-30.8) (Fig.  2).

Discussion

　 We have previously reported that preoperative 

TUG is an important factor for the elevation of Dd 
after THA in patients with Hip OA in over 60s [16].  
However,  Dd was an indirect marker for DVT and 
could not determine the existence of DVT with cer-
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Fig. 1　 Group D had less ambulatory ability in TUG than Group N 
before THA.
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Fig. 2　 The ROC curve revealed that the preoperative cut-off time 
of 15.3 sec for the Timed “Up and Go” (TUG) test was sensitive 
(83.3%) and specific (61.1%) for a deep venous thrombosis compli-
cation after total hip arthroplasty.

Table 1　 Pre and postoperative subject characteristics in 2 groups

Group D
(N=18)

Group N
(N=18)

P Value

Age (years)  70.3±5.3  70.3±5.3
Sex (male/female) 0/18 0/18
Operated side (r/l) 9/9 9/9

Duration (years) 　8.1±9.5 　9.0±6.4 ＞0.05
BMI (kg/m2)  25.0±3.1  23.2±3.2 ＞0.05
Total cholesterol (mg/dl) 214.6±44.3 219.2±17.3 ＞0.05
VAS (mm)  61.9±21.0  55.3±26.1 ＞0.05
TUG (s)  18.4±4.0  15.0±3.2 ＜0.01

JOA total hip score (point)  35.8±5.4  36.4±7.0 ＞0.05
JOA ability score (point)  10.0±2.7  10.3±2.1 ＞0.05

FWB (days) 　6.7±1.0 　6.7±1.1 ＞0.05

Each value represents the mean±SD.
Duration,  Duration from the onset of osteoarthritis to operation; BMI,  Body mass index; VAS,  Visual analogue scale; TUG,  The Timed 
“Up and Go” test; FWB,  postoperative days starting full weight-bearing.
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tainty.  Thus,  venography was performed in the cur-
rent study,  which is the gold standard for detecting 
DVT.  The results show that the preoperative time 
required for TUG would affect DVT complications 
after THA and is an independent factor.  Furthermore,  
we determined that the cut-off point was 15.3 sec 
before THA (sensitivity 83.3ｵ,  specificity 61.1ｵ).  
Arnold et al.  [18] have used TUG for the evaluation 
of patients with Hip OA,  and concluded that patients 
with longer TUG times are older and less mobile.  
Groot et al.  [19] have investigated physical activity in 
patients with end-stage hip or knee OA with an activ-
ity monitor.  They showed that Hip OA patients are 
less active (time spent upright,  walking or carrying out 
activity) per day than gender- and age-matched healthy 
controls.  Half of all patients with DVT were inactive 
or mildly active before onset of the complication [20].  
McNally et al.  [12] have shown that a leg with DVT 
after THA has potentially decreased venous capaci-
tance and outflow before surgery.  Their results would 
suggest that the decrease in physical activity would 
lead to venous stasis due to a lack of muscle contrac-
tion.  Including our results,  osteoarthritis itself would 
be a risk factor for DVT.
　 We also evaluated the JOA hip score in 2 ability 
items reflecting individual ability in daily life,  but it 
was not different between the 2 groups.  In contrast,  
the time required for TUG is correlated to a range of 
individual activity [21].  TUG has already been 
reported to measure performance ability or activity in 
patients with osteoarthritis [22].  Therefore,  TUG 
would be better than the JOA hip score in predicting 
the DVT complications induced by a sedentary state.
　 There have been no reports of whether preopera-
tive exercise therapy can prevent DVT after THA.  
Westrich et al.  [23] have examined the effects of 
active contraction in the calf muscle to peak venous 
velocity and mean venous volume after THA.  Above 
the saphenofemoral junction,  active ankle dorsal to 
planter flexion was found to enhance peak venous 
velocity by 158ｵ,  and there was an average 9.2ml 
increase in mean venous volume per contraction com-
pared with rest.  Because most patients with Hip OA 
have pain,  they are not able to increase their activity 
levels or prolong walking time in daily life.  We there-
fore recommend regular calf muscle exercise with or 
without slight weight-bearing.
　 Limitation. There were 2 major limitations to 

the current study.  First,  we did not examine DVT 
complication before surgery by venography due to an 
ethical problem.  We could not distinguish postopera-
tive DVT from preexisting DVT in Group D.  We 
excluded patients with remarkable clinical symptoms 
or signs (swelling,  edema,  varicose,  tenderness,  and 
heat),  with a past history of DVT,  and those taking 
medications that might affect the coagulation system.  
Second,  we could not match operative factors (implant 
type,  operation time,  use of cement).  In particular,  it 
is well known that the use of cement affects the 
amount of bleeding.  Unfortunately,  we could not 
check the details of each surgery.  However,  none of 
our patients had any complications excluding DVT,  
and there were no differences in the progress of post-
operative physical therapy between the 2 groups.
　 Conclusion. Ambulatory ability reflected by 
TUG before surgery was found to be associated with 
DVT after THA,  and the cut-off point for TUG to 
increase the prevalence rate of DVT was determined 
to be 15.3 sec.  Further study is required to determine 
whether improving the time required for TUG before 
surgery decreases the prevalence of DVT.

References

 1. Bounameaux H,  Schneider PA,  Reber G,  Moerloose P and 
Krahnebuhl B: Measurement of plasma d-dimer for diagnosis of 
deep venous thrombosis.  Am J Clin Pathol (1989) 91: 82-85.

 2. Clarke MT,  Green JS,  Harper WM and Gregg PJ: Screening for 
deep-venous thrombosis after hip and knee replacement without 
prophylaxsis.  J Bone Joint Surg Br (1997) 79: 787-791.

 3. Fujita S,  Hirota S and Oda T: Deep venous thrombosis after total 
hip or total knee arthroplasty in patients in Japan.  Clin Orthop 
Relat Res (2000) 375: 168-174.

 4. Shiota N,  Sato T,  Nishida K,  Matsuo M,  Takahara Y,  Mitani S,  
Murakami T and Inoue H: Changes in LPIA D-dimer levels after 
total hip or knee arthroplasty relevant to deep-vein thrombosis 
diagnosed by bilateral ascending venography.  J Orthop Sci (2002) 
7: 444-450.

 5. OʼReilly RF,  Burgess IA and Zicat B: The prevalence of venous 
thromboembolism after hip and knee replacement surgery.  Med J 
Aust (2005) 182: 154-159.

 6. Mantilla CB,  Horlocker TT,  Schroeder DR,  Berry DJ and Brown 
DL: Frequency of myocardial infarction,  pulmonary embolism.  
deep venous thrombosis,  and death following primary hip or knee 
arthroplasty.  Anesthesiology (2002) 96: 1140-1146.

 7. White RH and Henderson MC: Risk factors for venous thromboem-
bolism after total hip and knee replacement surgery.  Curr Opin 
Pulm Med (2002) 8: 365-371.

 8. White RH,  Gettner S,  Newman JM,  Trauner KB and Romano PS:  
Predictors of rehospitalization for symptomatic venous thromboem-
bolism after total hip arthroplasty.  N Engl J Med (2000) 14: 1758-
1764.

200 Acta Med.  Okayama　Vol.  64,  No.  3Sasaki et al.

4

Acta Medica Okayama, Vol. 64 [2010], Iss. 3, Art. 6

http://escholarship.lib.okayama-u.ac.jp/amo/vol64/iss3/6



 9. Mantilla CB,  Horlocker TT,  Schroeder DR,  Berry DJ and Brown 
DL: Risk factors for relevant pulmonary embolism and deep venous 
thrombosis in patients with primary hip or knee arthroplasty.  Anes-
thesiology (2003) 99: 552-560.

10. Rocha E,  Alfaro MJ,  Paramo JA and Canadell JM: Preoperative 
identification of patients at high risk of deep venous thrombosis 
despite prophylaxis after total hip replacement.  Thromb Haemostas 
(1988) 59: 93-95.

11. Kiyoshige Y,  Kure S,  Goto K,  Ishii M,  Kanno J and Hiratsuka M:  
Inherited risk factors for deep venous thrombosis following total hip 
arthroplasty in Japanese patients: matched control study.  J Orthop 
Sci (2007) 12: 118-122.

12. McNally MA and Mollan RAB: Total hip replacement,  lower limb 
blood flow and venous thrombogenesis.  J Bone Joint Surg Br 
(1993) 75: 640-644.

13. Buehler KO,  DʼLima DD,  Petersilge WJ,  Colwell CW and Walker 
RH: Late deep venous thrombosis and delayed weightbearing after 
total hip arthroplasty.  Clin Orthop Relat Res (1999) 361: 123-130.

14. Leali A,  Moroz A,  Joseph FF and Gianutsos JG: Preventing 
venous thromboembolism after total joint replacement.  A multifac-
torial approach.  Arch Phys Med Rehabil (2003) 84: A18.

15. Podsiadlo D and Richardson S: The Timed “Up & Go”: A test of 
basic functional mobility for frail elderly persons.  J Am Geriatr Soc 
(1991) 39: 142-148.

16. Sasaki K,  Senda M,  Ishikura T,  Ota H,  Mori T,  Tsukiyama H,  
Hamada M and Shiota N: The relationship between ambulation 
ability before surgery and the D-dimer value after total hip arthro-

plasty.  The evaluation of ambulation ability by the Timed Up & Go 
test.  Acta Med Okayama (2005) 59: 225-230.

17. McCormack HM,  Horne DJ and Sheather S: Clinical applications 
of visual analogue scales:a critical review.  Psychol Med (1988) 
18: 1007-1019.

18. Arnold CM and Faulkner RA: The history of falls and the associa-
tion of the timed up and go test to falls and near-falls in older 
adults with hip osteoarthritis.  BMC Geriatrics (2007) 7: 17.

19. De Groot IB,  Bussmann JB,  Stam HJ and Verhaar JA: Actual 
everyday physical activity in patients with end-stage hip or knee 
osteoarthritis compared with healthy controls.  Osteoarthritis 
Cartilage (2008) 16: 436-442.

20. Shrier I and Kahn SR: Effect of physical activity after recent deep 
venous thrombosis: a cohort study.  Med Sci Sports Exerc (2005) 
37: 630-634.

21. Shimada H,  Uchiyama Y and Kakurai S: Relationship between 
lifestyle activities and physical functions in elderly persons utilizing 
care facilities.  Jpn J Geriatr (2002) 39: 197-203 (in Japanese).

22. Stratford PW,  Kennedy DM and Woodhouse LJ: Performance 
measures provide assessments of pain and function in people with 
advancedosteoarthritis of the hip or knee.  Phys Ther (2006) 86:  
1489-1496.

23. Westrich GH,  Specht LM,  Sharrock NE,  Sculco TP,  Salvati EA,  
Pellicci PM,  Trombley JF and Peterson M: Pneumatic compres-
sion hemodynamics in total hip arthroplasty.  Clin Orthop Relat Res 
(2000) 372: 180-191.

201DVT Complication and TUG before THAJune 2010

5

Sasaki et al.: Preoperative Time Required for the Timed "Up and Go" Test in Wome

Produced by The Berkeley Electronic Press, 2010




