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Abstract The main goals of TKA are pain relief and

improvement of function and range of motion (ROM). To

ascertain whether TKA in patients with stiff knees would

relieve pain and improve functional outcome and ROM, we

asked four questions: whether (1) Knee Society and WO-

MAC scores would improve after TKA; (2) poor

preoperative ROM would improve after TKA; (3) the

revision rate of TKA in stiff knees would be high; and (4)

complication rates would be high in these patients after

TKA. We retrospectively reviewed 74 patients (86 knees)

with stiff knees (mean age, 56.8 years) who underwent

TKAs with a condylar constrained or a posterior stabilized

prosthesis. The minimum followup was 5 years (mean,

9.1 years; range, 5–12 years). The mean preoperative

Hospital for Special Surgery knee score and Knee Society

knee and functional scores were 42, 11, and 42 points,

respectively, and postoperatively they were 84, 90, and 84

points, respectively. Preoperative and postoperative total

WOMAC scores were 73 and 34 points, respectively. One

knee (1.2%) had aseptic loosening of the tibial component

and 12 knees (14%) had complications. Despite a relatively

high rate of complications, most patients had substantial

improvement in function.

Levels of Evidence: Level III, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

The main goals of TKA are pain relief, improvement of

ambulatory ability, and improvement of ROM. The amount

of ROM achieved postoperatively is determined by the

amount of preoperative ROM, especially if it was less than

50� [6, 7, 15, 21, 25]. Therefore, preoperative ROM of 50�
or less is a challenging dilemma for surgeons. Some

investigators have described inconsistent ROM, high risk

of complications, and high revision rates, especially in

patients with ankylosed knees [18, 22]. However, others

have reported that postoperative ROM in patients with stiff

and ankylosed knees can be the same as ROM in patients

with flexible knees, and low complication rates in these

TKAs [20, 21].

Numerous studies had small patients cohorts [1, 3, 4,

10–13, 15, 16, 19, 21, 26], and although higher compli-

cation rates and suboptimal outcomes after TKA were

reported, there may be a tendency to underestimate com-

plications [22]. Two studies had large patient cohorts

[3, 24]. Although Bhan et al. [3] assessed their data using

Knee Society knee and function scores, WOMAC scores,

including social and emotional functional scores, were not

used. Rajgopal et al. [24] did not assess their data using

Knee Society knee and function scores or WOMAC scores.

We questioned whether TKA in patients who have been

highly incapacitated by their stiff and often postinfected

knees would have improvement of pain and function. To
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ascertain whether TKA in these patients would improve

functional outcome and ROM, we asked whether: (1) knee

and pain scores, distance walked (endurance), and physical,

social, and emotional functions would be improved after

TKA; (2) poor preoperative ROM would be improved after

TKA; (3) revision rates of TKA in stiff knees would be

high; and (4) complication rates would be high in these

patients after TKA.

Materials and Methods

We retrospectively reviewed the records of 92 patients

(103 knees) with stiff knees who underwent TKA between

January 1995 and January 2002. Preoperative ROM of the

knee was limited in all patients: a mean of 40� and range of

10�–50�. During this period, we performed 1770 primary

TKAs in 1033 patients. These 103 knees therefore reflected

6% of the total operated during that period. Eleven patients

were excluded from this review because of persistent

residual pyogenic or tuberculous infection, leaving 81

patients with 93 stiff knees. Seven patients (seven knees)

were lost to followup before 1 year after surgery, leaving

74 patients (80%) who underwent TKAs of 86 knees. Four

patients died unrelated to the TKA between 5 and 8 years

after surgery; they were included in this study. The records

of these patients were entered in an ongoing computerized

study that was continuously updated. Unless the patient

was lost to followup (n = 7), all of the knees were

reviewed by an orthopaedic surgeon (YWC) not connected

with the original surgery and the data entered into the

computerized record. No patient had active pyogenic or

tuberculous infection or active drainage at the time of the

operation. There were 11 men and 63 women with a mean

age of 56.8 years (range, 26–72 years). The mean duration

of stiffness was 15.7 years (range, 10–26 years). The

duration from prior infection to TKA was 20.4 years

(range, 10–21 years). Forty-five of 86 stiff knees had pre-

vious arthrotomy and débridement of the knee. Most of the

patients could not walk to the bathroom or leave their home

unless in a wheelchair. They were highly incapacitated by

their stiff and often postinfected knees. Tibiofemoral

alignment was recorded preoperatively in all knees. Sev-

enty-two knees (84%) were in 8.5� varus (range, 5�–8�)

and 14 knees (16%) were in 5.7� valgus (range, 5�–7�). The

minimum followup was 5 years (mean, 9.1 years; range,

5–12 years) (Table 1).

Preoperative clinical, hematologic, and radiographic

data were recorded, including any history of documented

pyogenic or tuberculous infection on previous surgical

procedures on the involved knee, relevant laboratory

findings, and clinical features such as draining sinuses. If

radiolucent areas that might represent localized osteolysis

were present, this was considered when the TKA was

planned. All laboratory findings were within normal limits

before surgery. Eight weeks preoperatively, we attempted

aspiration of each knee that had a previous pyogenic or

tuberculous infection. If fluid could not be aspirated, saline

washings were taken for culture. Cultures of the aspirated

fluid, washings, and excised specimens were grown for

aerobic, anaerobic, and tubercle bacilli; none was positive

for pyogenic or tubercle bacilli. Histopathologic prepara-

tions of the resected tissues and smears were negative. No

patient was deferred because of a positive preoperative

aspiration. To prove there was no ongoing infection,

erythrocyte sedimentation rate, C-reactive protein level,

and leukocyte count with differential count on the aspi-

rate, were monitored at 6 weeks, 3 months, 6 months, and

1-year after surgery.

Epidural normotensive anesthesia was used for all

procedures. Forty-five knees were approached through a

medial parapatellar incision that followed the previous

incisional scar and 41 knees without a previous incisional

scar were approached through an anterior midline inci-

sion. A V-Y quadricepsplasty was performed in 40 knees

(47%) to avoid patellar tendon avulsion. The quadriceps

muscle was moderately atrophied, but reasonable muscle

mass was maintained in all knees. No knee had a tibial

tuberosity osteotomy to position the patella above the

joint line. The patella was left in the position in which it

started. An intramedullary jig was used for resection of

the femur, and an extramedullary jig was used for the

tibia. Soft tissue balancing then was performed. Stability

of the knee was assessed by application of varus-valgus

and anteroposterior stress with the knee in 0� extension

and 30� flexion after the trial tibial and femoral compo-

nents were inserted.

We implanted the NexGen Legacy constrained condylar

knee (LCCK) prosthesis1 (Zimmer, Inc, Warsaw, IN) in

29 knees and NexGen Legacy posterior-stabilized (LPS)1

prosthesis (Zimmer, Inc) in the remaining 57 knees. Both

prostheses were available in the operating room. After the

trial NexGen LPS femoral and tibial components were

inserted, the knee stability was tested manually. If the knee

was stable in the coronal plane but unstable in the sagittal

plane, the NexGen LPS prosthesis was used. If the knee

was unstable in the coronal and sagittal planes, the LCCK

prosthesis was used. Elongated stems on the tibial and

femoral component were used in 14 knees when the

bone stock deficiency was too severe to obtain stable fix-

ation of the components. These stems always were

cemented. The surface of the cancellous bone was prepared

by pulsatile lavage, and all prostheses were implanted with

cement. Antibiotics were not impregnated in the cement

because all laboratory findings for infection were negative

preoperatively. The capsule was closed and the V-Y
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quadricepsplasty site was repaired while the knee was

maintained in 15� flexion to minimize extension after the

operation. The joint line was not elevated intentionally to

facilitate flexion. There was no collateral ligament or

extensor mechanism avulsion during surgery.

Postoperatively, a continuous passive motion machine

was used for passive ROM exercise twice daily for 30

minutes each time. The machine settings were advanced

incrementally under the supervision of the therapist. Active

ROM exercise was performed by patients under the

supervision of the therapist. Patients began standing at the

bedside or walking with crutches or a walker twice daily

for 30 minutes each time under the supervision of the

therapist on the second postoperative day. The patients

used crutches or walker with full weightbearing for

6 weeks, and thereafter, a cane as needed. No patient

received outpatient physiotherapy after they were dis-

charged from the hospital.

Routine followups were scheduled at postoperative

intervals of 6 weeks, 3 months, 6 months, 1 year, and

yearly thereafter. At these intervals, the patients were

evaluated and radiographs were obtained. Preoperative and

postoperative review data were recorded according to the

system of the Knee Society (KS) [8] and the Hospital for

Special Surgery (HSS) [9]. The WOMAC [2] score was

determined at each followup.

Active ROM in the supine position was determined for

all patients on two occasions by one of the authors (JSK or

YHK) using a standard (60-cm) clinical goniometer before

the operation and at the time of the review. The patients

were told to bend their knees as much as they would while

lying in a supine position. At each followup, we obtained

anteroposterior radiographs with the patient standing and

supine, a lateral radiograph, and a skyline patellar radio-

graph. One of the authors (JSK) evaluated radiographs for

the presence and location of all radiolucent lines at the

bone-cement interface according to the recommendation of

the KS [8]. The chance-corrected kappa coefficient [14]

was calculated to determine intraobserver agreement of

radiographic measurements (for radiolucency at the bone-

cement interface). Intraobserver agreement ranged from

0.61 to 0.80.

The changes in KS and WOMAC scores were evaluated

with two-tailed Student’s t tests. All analyses were per-

formed with SPSS, Version 14.0 (SPSS Inc, Chicago, IL)

with two-tailed Student’s t tests.

Results

Total knee arthroplasty in patients who have been inca-

pacitated with stiff knees improved their pain, function,

and ROM. Knee and pain scores, distance walked (endur-

ance), and physical, social, and emotional functions

improved after TKA (Table 2). Preoperative ROM (mean,

40�; range, 10�–50�) improved substantially after the

operation (mean, 102�; range, 65�–145�) (Table 2). No

patient had postoperative manipulation of the knee to

improve ROM. Sixty-five knees (76%) obtained greater

than 90� flexion and the remaining 21 knees (24%)

obtained less than 90� flexion.

We observed no radiolucency at the bone-cement

interface in 70 knees (Fig. 1), and 15 knees had an

incomplete radiolucent line less than 1 mm in width at the

interface between the tibia and tibial component. One knee

had a complete radiolucent line wider than 2 mm around

the tibial component, which was loose.

The complication rate was relatively high (Table 3).

Seventy-four knees (86%) had no complications and the

remaining 12 knees (14%) had complications. Five knees

(6%) had skin necrosis at the edge of the incision site,

which healed after débridement and repeat wound closure

in all but one. A skin graft was needed to achieve closure

in that knee. A pyogenic infection developed in three

knees (3%); no bacteria had grown on cultures of speci-

mens from these knees preoperatively, but Staphylococcus

aureus was identified in one knee and Staphylococcus

epidermidis was identified in two knees postoperatively.

Two of these three knees had débridement and exchange

of the tibial polyethylene liner and the patients were given

intravenous antibiotics for 6 weeks. There was no recur-

rence of infection until the latest followup. One knee

required removal of the prosthesis and arthrodesis. Peri-

prosthetic fractures occurred after falls in two patients

Table 1. Clinical data of the patients with stiff knees

Characteristic Value

Gender (male/female) 11/63

Age (years)* 56.8 (26–72)

Diagnosis (number of patients)

Osteoarthritis 20 (27%)

Rheumatoid arthritis 15 (20%)

Pyogenic arthritis 14 (19%)

Traumatic arthritis 13 (18%)

Tuberculous arthritis 12 (17%)

Height (cm)* 151.8 (118–177)

Weight (kg)* 59.9 (38–111)

Body mass index (kg/m2)* 26.1 (17–36)

Preoperative range of motion* 40� (10�–50�)

Duration of stiffness (years)* 15.7 (10–26)

Time from prior tuberculous or septic

arthritis (years)*
20.4 (10–21)

Followup (years) 9.1 (5–12)

* Values are expressed as mean with ranges in parentheses.
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(two knees, 2.3%) at 3 and 5 years, respectively, after

surgery. Open reduction and internal fixation was

required, and osseous union was obtained in these two

knees. Two patients (two knees, 2.3%) had quadriceps

tendon rupture at 2 and 3 years, respectively, after sur-

gery. These two patients had frequent episodes of knee

buckling while they descended downhill or downstairs.

They were advised to have repair of the ruptured quad-

riceps tendon, however, they refused.

Discussion

The amount of ROM achieved after TKA is determined by

the amount of preoperative ROM, especially if the ROM

was less than 50� [6, 7, 17, 21, 25]. Therefore, preoperative

ROM of 50� or less is a challenging problem. To ascertain

whether TKA in patients with stiff knees would improve

functional outcome and ROM, we asked four questions:

whether pain score, distance walked (endurance), and

physical, social, and emotional functions would be

improved after TKA; whether poor preoperative ROM

would improve after TKA; whether revision rates of TKA

in stiff knees would be high; and whether complication

rates would be high in these patients after TKA.

There are several limitations of this study. First, the

knee scoring systems are prone to interobserver variability.

Second, we have no interobserver variability to ensure

reliability in interpreting radiolucent lines and loosening.

These assessments are somewhat unreliable and therefore

the scores are prone to some ranges, and we might have

underestimated the incidence of radiolucent lines or loos-

ening. Third, accuracy of measurement of ROM of the

knee with a clinical goniometer would be less than that

compared with using an electrogoniometer or fluoroscopi-

cally guided radiographic measurements [23].

Knee scores for patients with stiff knees in series ranging

from 11 to 84 knees have been reported from 14.6 to 42

points (mean, 30 points) before TKA to 74 to 89.5 points

(mean, 79.1 points) after TKA [1, 3, 18–21, 24, 27]. Our

results were comparable to those of previous studies

(Table 4). The average postoperative KS and HSS knee

scores and KS function scores for stiff knees in our

series were lower than scores for mobile knees [6, 7, 15].

This may be because our patients had severely degener-

ated knees secondary to pyogenic, tuberculous, or traumatic

arthritis or rheumatoid arthritis with polyarticular involve-

ment. One clinical study reported 18 of the 21 patients

(86%) with stiff knees had improved quality of life with

improvement of deformity, function, and pain after TKA

[18]. In the current series, we also found patients with stiff

knees had improved quality of life with improvement of

pain, walking, distance, deformity, and function after TKA

(Table 2). The WOMAC scores for physical, social, and

emotional functions also improved substantially after TKA

(Table 2). The majority of patients were employed outside

the home or were full-time homemakers.

Postoperative ROM in patients with stiff knees may not

be comparable with ROM attained by patients without

preoperative stiffness. Some authors have reported lack of

consistent adequate motion in patients with stiff knees [18,

24]. One study suggests ROM of the knee after TKA in

these patients may be indistinguishable from that achieved

by a comparable group of patients with flexible knees [21].

Table 2. Clinical results

Result Value p Value

HSS knee score (points)

Preoperative 42 (9–59) \ 0.0001

Postoperative 84 (40–100)

KS knee score (points)

Preoperative 11 (-15–58) \ 0.0001

Postoperative 90 (52–100)

KS function score (points)

Preoperative 42 (-20–90) 0.0001

Postoperative 77 (20–100)

HSS pain score (points)

Preoperative 11 (5–15) 0.025

Postoperative 26 (20–30)

KS pain score (points)

Preoperative 21 (0–30) 0.032

Postoperative 45 (20–50)

HSS scores for walking distance (points)

Preoperative 3.4 (0–8) 0.043

Postoperative 9.5 (4–12)

KS score for walking distance (points)

Preoperative 10.6 (0–20) 0.028

Postoperative 45.6 (20–50)

Range of motion

Preoperative 40� (10�–50�) \ 0.001

Postoperative 102� (65�–145�)

WOMAC total score (points)

Preoperative 79 (78–96) 0.014

Postoperative 34.4 (5–68)

WOMAC physical function score (points)

Preoperative 40 (38–68) 0.032

Postoperative 14 (8–25)

WOMAC social function score (points)

Preoperative 18 (15–20) 0.023

Postoperative 2 (1–4)

WOMAC emotional function score (points)

Preoperative 40 (35–45) \ 0.001

Postoperative 1 (0–15)

Values are expressed as mean with range in parentheses; KS = Knee

Society; HSS = Hospital for Special Surgery.
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However, in that series, a stiff knee was defined as one with

less than 90� arc of flexion, and the small number of

patients (13 patients) limits applicability of their conclu-

sion to patients with more stiff knees. Postoperative arc of

flexion ranging from 74� to 103� (mean, 87.1�) has been

reported after TKA in stiff knees in series ranging from 11

to 84 knees (Table 4). Our results were comparable to

those of previous studies [1, 3, 18, 19, 24, 27] (Table 4).

Although we found knee motion after TKA disappointing

in our patients, in all instances, overall motion improved.

The arc of motion improved from 40� to 102�, which

resulted in improvement in the functional capabilities of

our patients. Therefore, although 102� motion conven-

tionally would be considered a poor outcome, it improved

the quality of life of these individuals. Preoperatively, most

of the patients could not walk to the bathroom or leave

their home unless in a wheelchair, but postoperatively,

most patients were able to walk outside their homes. The

ability to rise from a chair and walk to the bathroom can

affect a patient’s quality of life immensely. In addition to

improving the ROM, reducing fixed flexion contractures

from an average of 25� to 3� greatly alleviates stress across

the knee and improves the function of the knee [5].

Several studies reported good radiographic results after

TKA in patients with stiff knees. One clinical series

reported 91% (82 of 90 knees) of knees with no visible

radiolucency at the bone-cement interface at a minimum of

2 years and mean of 6.2 years. Eight knees (9%), however,

had a radiolucency of 1 mm in width distal to the tibial

component [3]. In that series, one of 90 knees (1%) was

Fig. 1A–F Preoperative and postoperative radiographs illustrate the

case of a 69-year-old woman with polyarticular adult-onset rheuma-

toid arthritis. She was bedridden for 40 years. She underwent bilateral

simultaneous THAs followed by bilateral simultaneous TKAs and has

been ambulating using two crutches since these surgeries. (A) A

preoperative anteroposterior radiograph of both knees shows osseous

ankylosis in severe flexion. Preoperative lateral radiographs of the (B)

right and (C) left knees show osseous ankylosis in 90� flexion. (D) An

anteroposterior radiograph of both knees taken 9 years postoperatively

shows the LCCK prostheses with femoral and tibial extensions are in

place in good alignment. No radiolucent line is visible at the bone-

cement interface of the tibial component. Lateral radiographs of the

(E) right and (F) left knees taken 9 years postoperatively show the

LCCK prostheses with femoral and tibial extensions in place and in

good alignment. No radiolucent line is visible at the bone-cement

interface of the femoral, tibial, and patellar components. A distal tip of

the femoral stem is visible proximally.

Table 3. Complications

Complication Number of knees

Skin edge necrosis 5 (6%)

Débridement and repeat closure 4

Skin graft 1

Pyogenic infection 3 (3.5%)

Débridement and exchange of tibial

polyethylene liner

2

Removal of prosthesis and arthrodesis 1

Periprosthetic fracture (open reduction and

internal fixation)

2 (2.3%)

Ruptured quadriceps tendon

(patient declined repair)

2 (2.3%)

Total 12 (14%)

1352 Kim and Kim Clinical Orthopaedics and Related Research

123



revised because of aseptic loosening of the femoral com-

ponent. In another clinical series [24], 67 of 84 knees

(80%) had no radiolucencies, but 17 had radiolucencies of

1 mm or less at the bone-cement interface of the tibial

component at a minimum of 4 years and mean of 9 years.

In that series, no knee had aseptic loosening (clinically and

radiographically) at the final followup. However, one study

had a high revision rate for aseptic loosening (18.5% [five

of 27 knees]) [16]. We had a low revision rate with a

minimum 5-year followup. One knee (1%) had revision for

aseptic loosening of the tibial component and rupture of the

quadriceps tendon. We believe meticulous soft tissue dis-

section, improved surgical technique, and improved design

of the prosthesis were the factors leading to the low revi-

sion rate.

The overall reported complication rate in various studies

is 14.2% (34 of 283 knees; range, 3%–41%) [18, 19, 24,

27]. Our series had a similar complication rate (14% [12 of

86 knees]). In general, the complication rate was higher

than that in more flexible knees, but this is expected

because of multiple prior procedures, extensive soft tissue

dissection, and longer operating time. Patients should be

counseled preoperatively regarding the possibility of a

suboptimal outcome compared with that of a standard TKA

performed in a mobile knee, the need for prolonged

physiotherapy, and a high complication rate. The relatively

high rate of necrosis of the skin edges (6%) indicates the

need for special care in handling the skin flaps. These five

knees had skin that adhered to the bone before the opera-

tion. Similarly, high rates of skin edge necrosis have been

reported after TKA with the use of similar implants in

ankylosed knees [10, 11, 13]. When the skin is in poor

condition, the patient might benefit from a muscle flap or

skin graft at the time of the operation or a skin distension

procedure, local, or microvascularized free flap as a pre-

liminary step before the TKA.

Despite the relatively high complication rates and less

than desired postoperative motion, most of our patients

achieved an improvement in function. Based on our data

and the literature, we therefore believe the procedure

worthwhile even in patients with marked stiffness.
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