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OBJECTIVES:

 

Older patients undergoing knee replacement
surgery can recover more slowly than younger patients
and require extended rehabilitation. Because administra-
tion of supraphysiological testosterone (T) dramatically
increases strength, we hypothesized that preoperative T
therapy would improve functional recovery and reduce
hospital stay in older men undergoing knee replacement
surgery.

 

DESIGN:

 

Double-blinded, placebo-controlled pilot trial.

 

SETTING:

 

A Veterans Affairs orthopedics clinic and in-
patient postoperative unit.

 

PARTICIPANTS:

 

Twenty-five men, mean age 70, under-
going elective knee replacement.

 

INTERVENTION:

 

Preoperative, supraphysiological T ad-
ministration (600 mg T enanthate intramuscularly weekly
for 4 weeks) or sesame oil placebo.

 

MEASUREMENTS:

 

Length of hospital stay and func-
tional ability by Functional Independence Measure (FIM)
score.

 

RESULTS:

 

Mean length of hospital stay 

 

�

 

 standard devi-
ation was nonsignificantly reduced in the T group (5.9 

 

�

 

2.4 days vs 6.8 

 

�

 

 2.5 days; 

 

P 

 

�

 

 .15). At postoperative Day
3, there was a significant improvement in ability to stand
(mean FIM score 5.2 

 

�

 

 1.0 vs 4.0 

 

�

 

 1.1; 

 

P 

 

�

 

 .04) and
trends towards improvements in walking and stair climb-
ing in the T group. There were no complications attribut-
able to T therapy.

 

CONCLUSIONS:

 

In older men undergoing knee replace-
ment surgery, preoperative supraphysiological T adminis-

tration may confer some clinical benefit. Future studies us-
ing longer courses of preoperative T administration in
larger numbers of older men undergoing knee replacement
surgery are warranted. 
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K

 

nee replacement surgery is associated with beneficial
outcomes in appropriately selected patients. More

than 100,000 knee replacements are performed yearly in
the United States,

 

1

 

 and 90% of these patients are aged 55
and older.

 

2,3

 

 Older patients have slower recovery of ambu-
latory function and strength in knee extensors than
younger patients

 

4,5

 

 and are more likely to require pro-
longed hospitalization or inpatient rehabilitation postop-
eratively.

 

4

 

Levels of testosterone (T) fall as men age,

 

6

 

 and supple-
mentation with T can improve strength in older hypogo-
nadal men.

 

7

 

 Recently, T was shown to improve rehabilita-
tion outcomes in older men with low-normal serum T levels
during an 8-week inpatient rehabilitation stay.

 

8

 

 Muscle
strength and protein synthesis occur shortly after adminis-
tration of exogenous T,

 

9

 

 and relatively low dosages of T re-
sult in improved strength after 1 month in older men.

 

10

 

 In
young men, supraphysiological dosing of T enanthate re-
sults in dramatic exercise-independent increases in strength,
muscle size and fat-free body mass without adverse affects
on lipids, prostate-specific antigen (PSA), mood or behav-
ior.

 

11,12

 

Because strength plays such a pivotal role in recovery
from a joint replacement operation, we hypothesized that
short-term supraphysiological T therapy might improve post-
operative outcomes in older men undergoing knee replace-
ment surgery. Therefore, we conducted a double-blind,
placebo-controlled trial of 4 weeks of preoperative supra-
physiological T in older men undergoing knee replacement
surgery to compare length of hospital stay and measures of
functional recovery in patients given preoperative T with
those of patients receiving placebo and assess the safety of
short-term preoperative supraphysiological T in older men.
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SUBJECTS AND METHODS

Subjects

 

Forty-two men were screened; 25, with a mean age of 70
(minimum 58, maximum 86), met entry criteria, enrolled,
and were studied. All subjects underwent a complete his-
tory and physical examination. Inclusion criteria were age
of 55 and older, male, and willingness to comply with
study procedures. Exclusion criteria included known pros-
tate cancer (benign prostatic hyperplasia was acceptable),
severe liver or kidney disease, substance abuse, or other
significant musculoskeletal conditions that could interfere
with postoperative ambulation and rehabilitation.

 

Experimental Design

 

All male patients at the Veterans Affairs Puget Sound
Health Care System, Seattle Division, undergoing knee re-
placement over a 2-year period were offered enrollment.
After informed consent was obtained, the study pharma-
cist randomized subjects using a random number se-
quence. Patients in the treatment group received 600 mg T
enanthate (Schein Pharmaceuticals, New Rathway, NJ) in
3 mL of sterile sesame oil intramuscularly 21, 14, 7, and 1
day before surgery. Placebo patients received 3 mL of ster-
ile sesame oil intramuscularly on the same dates. The Hu-
man Subjects Committee of the University of Washington
and the Veterans Affairs Research and Development Com-
mittee approved this study protocol.

 

Measurements

 

An investigator (JKA) blinded to study assignment and not
involved in the decision to discharge the patient recorded
length of hospital stay and the need for posthospitalization
inpatient rehabilitation for each patient. Postoperative func-
tional recovery was assessed using three measures from the
Functional Independence Measure (FIM), a 7-point scale in
which higher scores indicate greater function and indepen-
dence. This scale is commonly used to describe functional
recovery after joint-replacement surgery.

 

13

 

 The measures
used tested ability to stand from a bed or chair, ambula-
tion, and ability to climb stairs. FIM scores were recorded
preoperatively 21 and 1 days before surgery and 3 days
and 5 weeks postoperatively. A single investigator (JKA)
who was blinded to study group assessed subjects’ physi-
cal function and assigned FIM scores. Serum total T, he-
matocrit, glutamic oxaloacetic transaminase, creatinine, li-
poproteins (total cholesterol, high-density lipoprotein (HDL),
and low-density lipoprotein), and PSA were measured at
baseline, preoperatively, and 5 weeks after surgery. In ad-
dition, T, creatinine, and hematocrit were measured 3

days postoperatively. Measurements of T were performed
using sensitive fluoroimmunoassays (Delfia, Wallac Oy,
Finland). The sensitivity and mid-range intra- and interas-
say coefficients of variation were T: 0.5 nmol/L, 4.2%,
and 7.6%, respectively.

 

Statistical Analysis

 

Analysis was performed on the 22 subjects who completed
all aspects of the study; four patients discontinued partici-
pation in the study as described below. For functional re-
covery and length of hospital stay, comparisons between
treatment groups were performed using a general linear
model. Rates of discharge to a rehabilitation facility were
compared using a chi-square test. Changes over time in
laboratory values were compared between treatment groups
using a nonparametric two-sample rank-sum test (Mann–
Whitney). For all comparisons an 

 

�

 

 of .05 was considered
significant.

 

RESULTS

Subject Outcomes

 

Twenty-five men enrolled in the study, and 22 completed
every aspect of the study, with three dropping out. Two
subjects (one in placebo group, one T group) decided
against having surgery after randomization and were dis-
charged from the study. One subject (placebo group) suf-
fered postoperative lower extremity injury that prevented
ambulation and recovery and was therefore excluded from
analysis. There were no deaths during the study, and 24 of
the subjects were alive and well 1 year after their surgery.
An 81-year-old male (T group) died from established coro-
nary artery disease 12 months after surgery.

 

Length of Hospitalization and Functional Recovery
from Surgery

 

The length of stay for knee replacement surgery was non-
significantly lower in the T group than in the placebo
group (Table 1). Twenty percent of knee surgery patients
who received T required inpatient rehabilitation, com-
pared with 25% of patients who received placebo injec-
tions (

 

P 

 

�

 

 .5). There were no baseline or preoperative dif-
ferences between the T and placebo groups in ability to
stand, walk, or climb stairs as measured by FIM (Table 2).
At postoperative Day 3, every patient had experienced a
decrease from baseline in each FIM score. Three days after
surgery, subjects in the T group were able to stand signifi-
cantly better than those who received placebo (mean FIM
score 

 

�

 

 standard deviation 

 

�

 

 5.2 

 

�

 

 1.0 vs

 

 

 

4.0 

 

�

 

 1.1; 

 

P 

 

�

 

.04). Subjects in the T group demonstrated a trend toward

 

Table 1. Characteristics of Older Men Receiving Testosterone or Placebo Before Knee Replacement Surgery

 

Characteristic
Testosterone

(n 

 

�

 

 10)
Placebo
(n 

 

�

 

 12)

Age, mean 

 

�

 

 SD 72 

 

�

 

 10 69 

 

�

 

 6
Length of hospitalization, mean 

 

�

 

 SD 5.9 

 

�

 

 2.4 6.7 

 

�

 

 2.5
Subjects requiring inpatient rehabilitation, n (%) 2 (20) 3 (25)

 

SD 

 

�

 

 standard deviation.
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better FIM scores in walking and stair climbing than sub-
jects receiving a placebo. In no case did subjects in the pla-
cebo group perform better in any measure of functional re-
covery than subjects in the T group. By postoperative Day
35, the overall FIM score had returned to baseline or bet-
ter in 31% of patients in the T group, compared with 18%
of subjects in the placebo group (

 

P 

 

�

 

 .2).

 

Hormonal Responses to Preoperative Androgens

 

Mean baseline serum total T levels were similar between
groups (12.5 

 

�

 

 4.5 nmol/L in the T group and 13.0 

 

�

 

 6.1
nmol/L in the placebo group). Immediately before surgery,
serum total T was 82.5 

 

�

 

 16.2 nmol/L in those receiving
preoperative T and 12.7 

 

�

 

 4.6 in those receiving placebo

 

(

 

P 

 

�

 

 .001). On postoperative Day 3, serum total T levels
had decreased in both groups, to 78.7 

 

�

 

 22.3 nmol/L in
the T group and to 3.4 

 

�

 

 2.5 nmol/L in the placebo group
(

 

P 

 

�

 

 .001 compared with baseline and between groups).
By 5 weeks postoperatively, serum total T was not signifi-
cantly different from baseline: 14.1 

 

�

 

 5.7 nmol/L in the T
group and 11.7 

 

�

 

 3.5 in the placebo group (

 

P 

 

�

 

 NS be-
tween groups and compared to baseline).

 

Laboratory Responses to Preoperative Androgens

 

Preoperative hematocrit was significantly higher in the
group receiving T (45 

 

�

 

 3.7% vs

 

 

 

41 

 

�

 

 3.8%, 

 

P 

 

�

 

 .05
compared with baseline and between groups; Table 3). In
addition, there was a trend toward increased postopera-
tive hematocrit in the T group on postoperative Days 3
and 35 compared with placebo. HDL cholesterol trended
downward before surgery (53 

 

�

 

 20 mg/dL to 42 

 

�

 

 17
mg/dL, 

 

P 

 

�

 

 .07) in the T group, but HDL levels returned
to baseline by postoperative Day 35. There were no signif-
icant changes in serum markers of kidney or liver function
or in serum PSA in either group. No patient experienced
worsening symptoms of urinary retention.

 

DISCUSSION

 

Our pilot study shows that preoperative supraphysiologi-
cal T administration to older men undergoing knee re-
placement surgery tends to improve functional recovery
and shorten postoperative stay. It is likely that the im-
provements seen were due to improvements in strength,
but a beneficial effect of T on mood, motivation, or per-
ception of physical function may also be important. There
were no adverse events attributable to T administration,
demonstrating that short-term supraphysiological T ad-
ministration is likely to be safe in older men.

Knee replacement is an elective procedure typically
performed in patients who are thought to be healthy and
active enough to benefit from increased mobility. Other
less-healthy populations of patients, such as those with hip
fracture and poor strength, have a fairly high short-term

 

Table 2. Baseline and Postoperative Functional Status As
Measured by the Functional Independence Measure (1–7
Points) in Older Men Undergoing Knee Replacement
Surgery and Receiving Preoperative Testosterone or Placebo

 

Activity

Testosterone
(n 

 

�

 

 10)
Placebo
(n 

 

�

 

 12)

Mean 

 

�

 

 Deviation

Standing
Baseline 7.0 

 

�

 

 0.0 6.9 

 

�

 

 0.3
Postoperative day 3  5.2 

 

�

 

 1.0* 4.1 

 

�

 

 1.1
Postoperative day 35 6.7 

 

�

 

 1.0 6.8 

 

�

 

 0.4
Walking

Baseline 6.8 

 

�

 

0.2 6.5 

 

�

 

 0.5
Postoperative day 3 4.9 

 

�

 

 1.2 4.1 

 

�

 

 1.8
Postoperative day 35 6.9 

 

�

 

 0.2 6.6 

 

�

 

 0.5
Stair climbing

Baseline 6.3 

 

� 0.5 6.2 � 0.4
Postoperative day 3 1.8 � 2.6 1.4 � 1.2
Postoperative day 35 6.4 � 0.5 6.1 � 0.3

*P � .05 compared with placebo.

Table 3. Hematocrit, Kidney and Liver Function, Lipoproteins, and Serum Prostate Specific Antigen in Older Men
Administered Preoperative Testosterone or Placebo Before Knee Replacement Surgery

Preoperative
Treatment

Hematocrit
(%)

Creatinine
(mg/dL)

Serum Glutamic
Oxaloacetic

Transaminase
(IU/L)

Total
Cholesterol

(mg/dL)

High-Density
Lipoprotein
Cholesterol

(mg/dL)

Low-Density
Lipoprotein
Cholesterol

(mg/dL)

Prostate
Specific
Antigen
(ng/dL)

Mean � Standard Deviation

Testosterone (n � 10)
Preoperative day 21 42 � 2.3 1.0 � 0.2 23 � 6 185 � 20 53 � 20 95 � 21 1.6 � 1.1
Day of surgery 45 � 3.1*† 1.1 � 0.2 26 � 6 173 � 28 41 � 17 95 � 27 2.2 � 1.3
Postoperative day 3 32 � 3.3* 1.0 � 0.3 not done not done not done not done not done
Postoperative day 35 41 � 4.4 1.1 � 0.3 21 � 4 166 � 25 46 � 10 92 � 27 1.8 � 1.1 

Placebo (n � 12)
Preoperative day 21 42 � 3.4 0.9 � 0.3 19 � 7 197 � 50 46 � 12 116 � 39 1.2 � 0.8
Day of surgery 41 � 2.8 0.9 � 0.2 24 � 11 175 � 40 43 � 13 102 � 28 1.2 � 0.9
Postoperative day 3 30 � 4.8* 0.9 � 0.1 not done not done not done not done not done
Postoperative day 35 38 � 4.5 1.0 � 0.3 20 � 6 189 � 35 46 � 10 106 � 24 0.9 � 0.7

*P � .05 compared with baseline; †P � .05 compared with placebo.
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mortality rate14 and might derive a greater benefit from T
administration perioperatively. Indeed, older men with hy-
pogonadism have been shown to be at increased risk of hip
fracture.15 This increased risk of fracture is likely due to a
combination of decreased muscle mass, decreased strength,
and osteoporosis from decreased serum T. T therapy in this
population might improve recovery by improving muscle mass
and strength and preventing prolonged bed-ridden status.

An additional benefit of preoperative T might be a
decreased need for blood transfusions because of the pre-
operative increase in hematocrit mediated by T-induced
increases in erythropoietin production. Longer-term T ad-
ministration may have an even more beneficial effect. Al-
though our pilot study included too few subjects to ob-
serve an effect on transfusion rate, a recent larger study
demonstrated that preoperative erythropoietin administra-
tion for 4 weeks resulted in similar increases in preopera-
tive hematocrit and decreased the need for postoperative
transfusion in patients undergoing total hip replacement.16

Knee replacement surgery has improved quality of life
for many older patients. The surgery is generally safe, but
there is a need for techniques to improve outcomes and speed
recovery in older patients who undergo this procedure. We
have demonstrated that preoperative supraphysiological T
administration to older men undergoing knee replacement
surgery appears to be safe and leads to improvements in some
measures of postoperative recovery. Future studies of this ap-
proach using longer-term T administration are warranted.
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