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Management of Falls After Total Knee

Arthroplasty

RICHARD J. KEARNS, MD; DANIEL P. O’CONNOR, PHD; MARK R. BRINKER, MD

This study evaluated 78 patients who fell after total knee arthroplasty. Eight
patients (10.3%) had soft-tissue injuries that led to a poor clinical course
(deep infection, unplanned return to the operating room, temporary or per-
manent resection arthroplasty, or knee arthrodesis). Factors related to a poor
clinical course included copious bleeding from the surgical wound imme-
diately after falling, falling within 8 weeks of arthroplasty, and rupturing the
parapatellar surgical wound and quadriceps repair. Patients who fall and
have bleeding from their surgical wound should receive emergency surgical
irrigation and debridement. A treatment protocol for patients who fall after

total knee arthroplasty is presented.

alling after total knee arthroplasty
F(TKA) can cause potentially dev-

astating problems, including peri-
prosthetic fracture or severe soft-tissue
injury.!"® Factors related to an increased
risk of falling among older adults include
quadriceps weakness, gait problems, use
of various medications, and some muscu-
loskeletal disorders.”® Many patients who
undergo TKA are >65 years and have
several of these risk factors. The conse-
quences of falling after TKA, however,
have not been studied extensively.

No clinical series describes soft-tissue
injuries in patients who fall with a TKA in
situ. This study sought to identify soft-tis-
sue injuries caused by a fall and the factors
related to a poor clinical course after soft-
tissue injury in a large consecutive series
of patients who underwent TKA. We also
describe a protocol to decrease the risk of a
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poor clinical course after soft-tissue injury
resulting from a fall in patients with TKA.

MATERIALS AND METHODS
Study Population

As part of an ongoing evaluation of total
joint arthroplasty protocols at our institu-
tion, all TKA patients who presented with
an ipsilateral knee complaint related to a
fall were entered into a database. The po-
tential participants for this study included
a consecutive series of 1135 patients who
received 1341 TKAs between January 1,
1995 and December 31, 2002. There were
1244 primary TKAs in 1040 patients and
97 revision TKAs in 95 patients.

All of the arthroplasties were performed
by the senior author (R.J.K.) and were ce-
mented, posterior-stabilized TKAs. Num-
ber 1 Vicryl interrupted sutures were used
to close the quadriceps mechanism and the

skin. All patients were prescribed warfarin
for 2 to 4 weeks postoperatively.

Falls were identified by patient self-re-
port. A fall was defined as a loss of balance
that caused the patient to collapse from a
standing position to lying, kneeling, or
sitting on the ground. Simple stumbles or
missteps were not considered falls. Falls
of patients who did not report the incident
to the surgeon were not captured in the
data. All of the falls occurred at home or
in the community after the perioperative
hospital stay.

From the consecutive series of 1341
TKAs, 78 patients (7%) reported falling.
Median time from TKA to a fall was 507
days (range, 11-2852 days).

Seventeen of the 78 patients (21.8%) had
fallen within 8 weeks of their TKA. The
mean age of patients who fell was 67.6 years
(SD, 12.4) at the time of arthroplasty. All of
the patients who fell underwent clinical fol-
low-up for at least 1 year after falling.
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Category

Table 1

Data Abstracted for 78 Patients Who Fell
After Total Knee Arthroplasty

Variables

Demographics

History

Clinical examination
following the fall

Radiographic examination
following the fall

Clinical course following
the fall

Gender

Age

Time from total knee arthroplasty to fall (days)

Time from fall to clinical examination (days)

Mechanism of injury (struck knee versus hyperflexion)
Substantial bleeding from surgical wound at fall (yes or no)

Knee joint effusion (yes or no)

Palpable extensor mechanism defect (yes or no)
Knee extension range of motion (to nearest 5°)
Ability to perform a straight-leg raise (yes or no)

Weight bearing status (nonweight bearing, partial weight
bearing, full weight bearing)

Patellar malalignment (Merchant view)

Femoral component lucency
Tibial component lucency

Good: no deep infection, no unplanned returns to the
operating room (excluding urgent operative treatment fol-
lowing the fall, such as for an open wound), and total knee
arthroplasty remained in situ without revision

Poor: deep infection, required unplanned return to operating
room, required temporary removal of the TKA, required per-
manent resection arthroplasty, or required knee arthrodesis

Data Analysis

Data from the patients’ history, clini-
cal and radiographic examinations, and
entire course of treatment were used
(Table 1). If patients underwent surgi-
cal treatment following their fall, the
time from clinical presentation after
falling to the surgical intervention was
recorded. Patellar malalignment on a
Merchant radiograph, a palpable defect
in the extensor mechanism, or the pres-
ence of both were interpreted as signs
of disruption of the closure of the sur-
gical quadriceps wound (the quadriceps
repair) that had been performed at the
time of arthroplasty.

The clinical course following the fall
was defined as “good” in patients who had
all of the following: no deep infection, no
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unplanned returns to the operating room,
and the TKA in situ without revision.

The clinical course following the fall
was defined as “poor” in patients who
acquired a deep infection, acquired a re-
sidual extensor mechanism defect that
affected function, required an unplanned
return to the operating room (excluding
emergency operative treatment following
the fall, such as for irrigation of an open
wound), required temporary removal of
the TKA, required permanent resection
arthroplasty, or required knee arthrodesis.

Patients were grouped according to
their clinical course (good or poor) fol-
lowing their fall. Analysis of variance and
chi-square tests were used to determine
whether any of the historical or clinical
variables were related to clinical course.

RESULTS

Twelve patients had signs of a ruptured
quadriceps repair as indicated by patellar
malalignment on a Merchant radiograph
or a palpable defect in the region of the
quadriceps tendon. Twenty-two patients
had notable knee joint effusion, and 40
patients could not perform a straight-leg
raise. No patient had radiolucency around
the tibial or femoral components at the
initial clinical examination after falling.

Eight patients (10.3%) reported they
had a large amount of bloody drainage
from their surgical wound immediately
after their fall; 4 of these patients also
had signs of a ruptured quadriceps repair.
A careful history often was required to
elicit a report of bleeding from the wound
after falling.

In several patients, the operative site ap-
peared to have only a small opening of the
wound at the time of clinical examination.
When specifically asked, however, these
patients reported having a large amount
of bleeding from the wound prior to their
arrival to the hospital or the clinic. For ex-
ample, several patients reported the blood
had completely soaked through a towel or
blood from the wound had “covered the
rug.” Such a large volume of blood sug-
gests dehiscence of both the operative
skin wound and the underlying quadriceps
repair, resulting in evacuation of the post-
operative intra-articular hematoma.

Clinical Course Following the Fall

Seventy of the 78 patients (89.7%) had a
good clinical course following their fall and
8 patients (10.3%) had a poor clinical course
following their fall (Tables 2 and 3).

Patients With a Good Clinical Course.
Of the 70 patients who had a good clinical
course, 8 patients received operative treat-
ment. Five patients who had ruptured their
original parapatellar quadriceps repair
during their fall had a good clinical course
(patients 2, 5, 9, 14, and 15) after receiv-
ing nonemergent surgery to reconstruct
the quadriceps repair that was disrupted
during their fall.
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Table 2
Time From Total Bleeding From Emergent Surgical
Knee Arthroplasty Surgical Wound  Signs of Quadriceps Treatment (No.
to Fall at Fall Rupture Patients) Good Clinical Course Poor Clinical Course
<8 weeks Yes Yes Yes (1) 1 (100%) 0 (0%)
No (3) 0 (0%) 3 (100%)
Yes No Yes (2) 2 (100%) 0 (0%)
No (2) 0 (0%) 2 (100%)
No Yes Yes (0)
No (6) 4 (67%) 2 (33%)
No No Yes (0)
No (3) 3 (100%) 0 (0%)
>8 weeks No Yes Yes (0)
No (2) 1 (50%) 1 (50%)
No No Yes (0)
No (59) 59 (100%) 0 (0%)

Three patients who reported copi-
ous bleeding from their surgical wound
at the time of their fall, 1 of whom had
also ruptured the quadriceps repair, had
a good clinical course (patients 4, 8, and
13). These patients received emergent ir-
rigation and debridement with wound
closure, and the patient with a ruptured
repair also received reconstruction of her
extensor mechanism. The remaining 62
patients who had a good clinical course
were treated nonoperatively with a knee
immobilizer, limited weight bearing, and
several weeks of clinical follow-up.

Patients With a Poor Clinical Course.
Of the 8 patients who had a poor clinical
course, 5 patients (patients 1, 3, 7, 10, and
16) had reported copious bleeding from
the surgical wound at the time of the fall.
Three of these 5 patients also had ruptured
their original parapatellar quadriceps re-
pair (patients 7, 10, and 16). These 5 pa-
tients received operative treatment >24
hours after falling, and all 5 patients de-
veloped a deep infection.

The remaining 3 patients with a poor
clinical course (patients 6, 11, and 12)
had not reported bleeding from the surgi-
cal wound at the time of the fall but did
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have a ruptured quadriceps repair. These
3 patients received nonemergent surgery
to reconstruct the disrupted quadriceps
repair. The poor clinical courses in these
3 patients were related to subsequent rup-
ture of the second quadriceps repair in 2
patients (patients 6 and 12) and chronic
deep infection after revision TKA in the
third patient (patient 11).

Factors Affecting Clinical Course

The clinical course following the fall
was significantly related to 3 historical or
clinical findings: copious bleeding from
the surgical wound immediately after
falling (P=.001), falling within 8 weeks
of undergoing arthroplasty (P=.01), and
disruption of the closure of the surgical
parapatellar quadriceps wound (P=.002).
The other historical and clinical findings
listed in Table 1 were not related to status
at final follow-up.

Table 2 shows the significant variables
and associated clinical course for all 78
patients who fell. Five of the 8 patients
(63%) who reported copious bleeding
from the surgical wound at the time of
their fall had a poor clinical course (pa-
tients 1, 3, 7, 10, and 16). Six of the 12

patients (50%) who had signs of a rup-
tured quadriceps repair had a poor clinical
course (patients 6, 7, 10, 11, 12, and 16).
Three patients with a poor clinical course
had both bleeding and signs of a ruptured
quadriceps repair (cases 7, 10, and 16).

The timing of subsequent operative
treatment also appeared to be important.
Six of the 13 patients (46.2%) who received
operative treatment >24 hours after falling
had a poor clinical course. None of the 3
patients who received emergency operative
treatment within 6 hours of falling had a
poor clinical course. All 5 patients who had
copious bleeding after falling and who re-
ceived operative treatment >24 hours after
falling had a poor clinical course.

DIScusSION

Emergent irrigation and debridement is
recommended for patients with TKA who
report copious bleeding from their surgical
wound after falling. In our cohort, copious
bleeding from the surgical wound at the time
of falling increased the risk of a poor clini-
cal course unless emergency irrigation and
debridement of the joint was performed.

Rupture of the original parapatellar
quadriceps repair also increased the risk
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Patient
No.

Age (y),
Gender

TKA

Surgery
Date

Days From
TKA to Fall

Table 3

Bleeding Quadriceps
Rupture

at Fall

Hours From
Fall to
Office Visit

Time
From Fall
to Surgery

Chronologic Presentation of Outcomes for Patients Who Underwent Operative Treatment Following a

Outcome

1

10

11

12

13

14

15

16

82, M

70, F

52, F

55, F

74, M

70, M

62, F

64, F

79, M

75, M

77, F

54, F

58, M

7/30/1997

7/30/1997

11/24/1997

3/8/1999

3/30/2000

7/27/2000

10/26/2000

3/15/2001

5/10/2001

7/15/2001

11/1/2001

11/21/2001

12/19/2001

2/21/2002

4/29/2002

5/27/2002

11

169

17

f—

1

35

150

15

Yes

Yes

Yes

No

Yes

Yes

No

Yes

No

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

112

1836

26

30

54

46

90

84

322

64

21 days

118 days

79 days

6 hours
21 days

151 days

6 days

4 hours
158 days

4 days

6 days

6 days

5 hours
15 days
2 days

3 days

Poor: required serial debridement for
joint infection, 2 revision TKAs, and
knee arthrodesis

Good: underwent nonemergent quad-
riceps repair

Poor: required serial debridement for
joint infection, 1 revision TKA, and
knee arthrodesis

Good: underwent emergent irrigation
and debridement

Good: Underwent nonemergent
quadriceps repair

Poor: underwent nonemergent
quadriceps repair but subsequently
reruptured repair

Poor: waited 2 days to call office,
required serial debridement for joint
infection and revision TKA

Good: underwent emergent irrigation
and debridement

Good: underwent nonemergent quad-
riceps repair

Poor: waited 4 days to call office,
underwent open debridement and
quadriceps repair but developed
chronic joint infection

Poor: underwent nonemergent
quadriceps repair but subsequently
reruptured the repair, underwent
revision TKA, and developed chronic
joint infection

Poor: underwent nonemergent
quadriceps repair but subsequently
reruptured repair

Good: underwent emergent irrigation
and debridement

Good: underwent nonemergent quad-
riceps repair

Good: underwent nonemergent quad-
riceps repair

Poor: waited 3 days to call office,
underwent open debridement and
quadriceps repair but developed
chronic joint infection and required
revision TKA

of a poor clinical course but primarily
when bleeding from the surgical wound
also was present. Rupture of the quadri-

‘ ‘ ORTHOO0308Kearns.indd 4

ceps repair without bleeding from the sur-

gical wound responded well in most cases
to nonemergent surgical reconstruction.
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Our current treatment protocol for pa-
tients who fall after TKA is presented in
the Figure. The protocol was developed
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empirically by the senior author (R.J.K.)
from observing the recovery of patients af-
ter they fell. Early in the series, 2 patients
had copious bleeding from the surgical
wound, and both developed chronic knee
joint infections and ultimately underwent
knee arthrodesis (patients 1 and 3). Nei-
ther of these patients received any opera-
tive treatment until the onset of infection.
By contrast, a third patient early in the se-
ries who reported copious bleeding from
the surgical wound received emergency
irrigation and debridement within 6 hours
of falling (patient 4). This patient recov-
ered fully with no further treatment. The
following practice guideline was estab-
lished by the senior author based on these
first few cases.

Patients who report copious bleeding
from their surgical wound at the time of
their fall receive emergency operative
treatment to irrigate and debride the joint.
Emergency operative treatment is required
most often for patients who fall within
8 weeks of their arthroplasty, as patients
who fall later rarely have dehiscence of
their parapatellar operative skin wound
and quadriceps repair. None of the 61
patients in this series who fell >8 weeks
after their arthroplasty had traumatic de-
hiscence of their surgical wounds.

Nonemergent operative treatment is
provided for patients who have signs of
a ruptured quadriceps repair after a fall
but do not have bleeding from their sur-
gical wound. The operative treatment is
reconstruction of the ruptured quadriceps
repair. A ruptured quadriceps repair is also
relatively rare >8 weeks after arthroplas-
ty. Only 2 of the 61 patients in this series
who fell >8 weeks after their arthroplasty
ruptured their quadriceps repair. We found
no cases of quadriceps tendon rupture in
this series. The patients with quadriceps
defects had all ruptured the quadriceps
sutures that were placed while closing the
arthroplasty surgical wounds.

Patients who fall but have no bleed-
ing from the surgical wound and no signs
of a ruptured quadriceps repair receive
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Copious blood from the

operative wound at the YES

Emergency
Operative Treatment

y

1) Open irrigation and

time of the fall?

NO

Palpable quadriceps
tendon defect,

debridement
2) Quadriceps repair

Non-Emergency
Operative Treatment

Lateral-tilting patella
on Merchant view?

NO

OR YES |

Quadriceps repair

Nonoperative Treatment

1) Knee immobilizer

h 4

2) Limited weight bearing
3) Follow closely until
symptoms resolve

Figure: Treatment algorithm showing protocol for patients who fall after total knee arthroplasty.

nonoperative treatment. Nonoperative
treatment consists of wearing a knee
immobilizer and limiting weight bear-
ing until symptoms subside. Patients are
monitored closely for at least 3 months,
although pain and disability should both
abate within a few weeks. If symptoms do
not improve, further workup for joint in-
fection, component loosening, and occult
fracture is performed.

Since establishing this protocol, pa-
tients are instructed that if they fall and
have bleeding from their surgical wound,
they are to treat it as an emergency and
contact the office immediately. Five pa-
tients have fallen after TKA and experi-

enced bleeding from the surgical wound
since establishing this protocol. Contrary
to the explicit instructions, 3 patients (pa-
tients 7, 10, and 16) waited 2 to 4 days
before calling the office; all 3 patients de-
veloped a deep infection, and 2 required
revision arthroplasty (Table 3). By con-
trast, the remaining 2 patients who fell
since the protocol was established (pa-
tients 8 and 13) called the office immedi-
ately and underwent emergency irrigation
and debridement within 6 hours of falling.
Neither of these patients required any ad-
ditional treatment.

Treatment of a chronic joint infection
often requires multiple operative interven-
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tions, including soft-tissue debridement,
synovectomy, prosthesis removal, place-
ment of antibiotic-impregnated implants,
and revision TKA.!%12 In our patients who
fell, knee joint infections occurred only
in those patients who had fallen within 8
weeks of arthroplasty and who reported co-
pious bleeding from their surgical wound
immediately after falling. None of these
patients had signs of infection (eg, fever,
erythema, or delayed wound healing) prior
to falling. A large amount of bloody drain-
age after a fall in the early postoperative
period represents a traumatic dehiscence
of the operative wound and evacuation of
the intra-articular hematoma. Dehiscence
allows the environment to communicate
with the joint (direct inoculation) and thus
increases the risk of deep infection.

Early open debridement of an infected
joint arthroplasty often precludes the need
for multiple surgeries and allows retention
of the original prosthesis.'®!! Performing
an emergent same-day debridement when
the surgical wound has been exposed to the
environment also should prevent a compli-
cated and lengthy course treatment.

Extensor mechanism problems are
the most common aseptic complications
following TKA.'>* Direct trauma to the
knee or hyperflexion of the knee, either of
which might occur during a fall, can cause
injury to the extensor mechanism after
TKA."> Extensor mechanism problems
occur almost exclusively in the early post-
operative period.'®!” In our study, most
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ruptures of the quadriceps tendon repair
occurred within 8 weeks of arthroplasty.
Reconstruction of the quadriceps repair to
preserve function can be performed on a
nonemergent basis.

Conclusion

Patients with a recent TKA who fall
and have substantial bleeding from the
surgical wound should undergo open joint
irrigation and debridement on an emer-
gent basis. This type of injury is more
likely to occur in the first 8 weeks after ar-
throplasty. Patients who rupture the origi-
nal parapatellar quadriceps repair but who
have no drainage from the surgical wound
can undergo surgical reconstruction on a
nonemergent basis. Patients who do not
have bleeding or quadriceps injury can be
treated nonoperatively.
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