
Introduction

One of the major goals of total knee arthroplasty (TKA) is to 
restore the normal alignment and balance of the knee to ensure 
long-term survival after joint replacement with pain relief and 
functional improvement. For this purpose, continuous efforts 
have been made to improve knee implants, surgical techniques, 
and postoperative rehabilitation protocols. However, functional 
problems after TKA that restrict daily living activities can still be 

encountered in some patients. In cases where such problems oc-
cur due to the patient’s intrinsic characteristics in spite of proper 
surgical treatment and rehabilitation and the absence of evidence 
of infection, it is difficult to elucidate the etiology and determine 
effective treatment approaches1). Stiffness following TKA has 
been treated with manipulation under anesthesia (MUA)2), ar-
throscopic release3), open arthrolysis4) or revision TKA5). Among 
these, MUA has been considered as the most effective simple 
primary treatment modality for stiffness that develops within 
2–3 months following TKA. Efforts to evaluate the efficacy of 
arthroscopic release for fibroarthrosis following TKA have been 
made by domestic researchers6); however, the prevalence and ef-
ficacy of MUA have never been investigated in Korea. Therefore, 
we attempted to investigate the prevalence and outcomes of MUA 
for stiffness in this study. 

Materials and Methods 

Of the total 4,449 knees (2,973 patients) that underwent TKA 
performed by the first author (Yoo) of this study between March 
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2000 and August 2014 at our institution, those treated with MUA 
for stiff knee following TKA were reviewed for this study. During 
TKA, LCS system (DePuy Inc., Warsaw, IN, USA) was implanted 
in 181 knees, Maxim prosthesis (Biomet Inc., Warsaw, IN, USA) 
in 76 knees and NexGen LPS-Flex fixed knee (Zimmer Inc., War-
saw, IN, USA) in 4,192 knees. In the knees with the LCS system, 
the surgery was performed using a gap technique, whereas in the 
knees with either the Maxim prosthesis or the NexGen prosthe-
sis, a measured resection technique was used. From March 2000 
through mid-July 2004, 329 TKAs were performed using the 
conventional surgical approach. Thereafter, a minimally invasive 
surgery (MIS) quad-sparing instrumentation was used in TKA 
on 4,120 knees: 3,785 of these that underwent MIS TKA after 
November 2005 received the modular tibial implant (“mini-keel” 
Nexgen MIS Tibial Component, Zimmer Inc.). The posterior 
cruciate ligament (PCL) was retained in 128 knees (LCS, 66; 
Maxim, 50; NexGen, 12) and replaced in 4321 knees (LCS, 115; 
Maxim, 26; NexGen, 4,180). The patella was preserved in 119 
knees (LCS, 76; Maxim, 5; Nexgen, 38) and replaced in 4,330 
knees (LCS, 105; Maxim, 71; NexGen, 4,154) (Table 1). 

A Hemovac drain was placed in the joint during surgery, which 
was removed on the 2nd postoperative day. Continuous passive 
motion exercises were initiated from the 1st postoperative day. 
From the 2nd postoperative day, knee flexion off the table was 

started and ambulation was encouraged. From the 3rd postopera-
tive day, joint exercises and physical therapy were instructed by a 
physical therapist for approximately 2 weeks. At the time of dis-
charge, patients with <80o knee flexion or those with progressive 
stiffness of the knee in spite of ≥80o knee flexion were required to 
visit the outpatient clinic within 1 to 2 weeks afterwards. In these 
patients, if the range of flexion was limited to <80o in the outpa-
tient visit, MUA was carried out. 

Under sufficient muscle relaxation through general or spinal 
anesthesia, the hip was flexed to 90o. The surgeon placed one 
hand under the popliteal area so as to maintain the knee joint as 
the center of the hinge during manipulation. Then, holding the 
proximal tibia with the other hand, the surgeon gradually ap-
plied pressure to elicit flexion of the knee, which was repeatedly 
performed until signs of breakage of adhesions became palpable 
or audible in the sufficiently flexed knee. During the process, 
care was taken not to cause a periprosthetic fracture or a rupture 
of the extensor mechanism. Subsequently, patient-controlled 
anesthesia was maintained for two days, and continuous passive 
motion exercises were started from the day of MUA treatment. 
From the day after the treatment, aggressive physical therapy was 
carried out with a therapist until the patient could discharge with 
sufficient recovery of knee joint function. 

The name of diagnosis, preoperative range of motion (ROM) of 
the knee, postoperative outcomes, postoperative level of stiffness 
and the timing of manipulation procedure were retrospectively 
reviewed. Nineteen knees that are available for a minimum 1-year 
follow-up after manipulation were examined to evaluate the 
ROM and level of functional recovery. ROM was measured using 
a goniometer as the angle between two axes that pass through the 
center of the femur and the center of the lower leg. 

Data on the implant type, surgical technique, PCL preservation, 
and patellar resurfacing were analyzed using the Fisher’s exact 
test to assess relationships with joint stiffness with the level of 
statistical significance set at p<0.05. All analyses were performed 
using SPSS ver. 19.0. (IBM Corp., Armonk, NY, USA). 

Results 

MUA was required in 22 knees (16 patients, 0.5%) of the total 
4,449 knees following TKA. The procedure for stiffness was per-
formed in 2/181 (1.1%) in the knees with the LCS system and 
in 2/76 (2.6%) in the knees with the Maxim complex, and it was 
least necessary in the knees with the NexGen system (18/4,192, 
0.4%; p=0.035). TKA using the conventional approach resulted 
in the necessity of MUA in 4/329 (1.2%) and TKA using the MIS 

Table 1. Incidence of Manipulation under Anesthesia (MUA)

Variable No. of cases
No. of 
MUA

Incidence 
of MUA 

(%)
p-value

Total case 4,449 22 0.5

Implant 

    LCS 181 2 1.1 0.225

    Maxim 76 2 2.6 0.053

    NexGen 4,192 18 0.4 0.035a)

Surgical approach 

    Conventional 329 4 1.2 0.074

    MIS 4,120 18 0.4

Posterior cruciate 
ligament

    Substituting 4,321 19 0.4 0.024a)

    Retaining 128 3 2.3

Patella resurface

    Yes 4,330 21 0.5 0.450

    No 119 1 0.9

MIS: minimally invasive surgery.
a)Statistically significant, p<0.05.
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did in 18/4,120 (0.4%, p=0.074). MUA was required in 19/4,321 
(0.4%) of the PCL replaced knees and in 3/128 (2.3%) of the PCL 
preserved knees (p=0.024); and it was performed in 21/4,330 
(0.5%) of the patella resurfaced knees and in 1/119 (0.9%) of the 
patella preserved knees (p=0.45) (Table 1).

The mean age of the patients who underwent MUA was 
66.9±8.6 years, and there were one male (1 knee) and 15 females 
(21 knees). In them, the preoperative diagnosis was osteoarthritis 
in 19 knees, rheumatoid arthritis in two knees and complication 
of infection in one. Their mean preoperative ROM was 102.5o 
(range, 65o to 145o), and <90o of flexion was observed in 6 knees 
(five knees with osteoarthritis and one knee with infection se-
quela) (Table 2). The mean operation time was 93.2±16.1 min-
utes, and the postoperative hemorrhage volume was 648.2±333.8 
mL. Intraoperative complication did not occur in any of the 
patients. The mean postoperative tibial component alignment 
was 0.1o±0.7o valgus, posterior tibial slope was 3.9o±1.1o, and 
femorotibial angle was 6.0o±1.3o valgus. Varus tibial component 
alignment (0o±3o) was observed in 100% and valgus femorotibial 
angle (6o±3o) was noted in 95.5% (Table 3). MUA was carried out 
during initial hospitalization before discharge in 11 knees and 
during re-hospitalization in 11 knees, which was at 4.7±3.0 weeks 
(range, 1.4 to 13.9 weeks) after TKA. The mean ROM before 
manipulation was 64.5o±13.5o (range, 30o to 80o). Nineteen knees 
were available for ≥1-year follow-up, and the mean follow-up pe-

riod was 64.3±41.3 months (range, 15 to 158 months). At the last 
follow-up, including the one knee that had 0o extension ankylosis 
of the knee, the mean ROM was recovered to 113.4o±31.2o (range, 
0o to 145o), indicating a mean of 48.9o improvement in flexion. 
At the last follow-up, the Knee Society knee score was 88.3±13.1 
points (range, 45 to 100 points), Knee Society functional score 
was 65.8±18.9 points (range, 30 to 100 points) and the Hospital 
for Special Surgery score was 80.1±10.9 points (range, 57 to 99 
points) (Tables 4 and 5).

In the 60-year-old female patient who exhibited 0o extension an-
kylosis at the last follow-up, the indication for TKA was rheuma-
toid arthritis. The postoperative ROM was restricted to 75o in the 
patient; thus, MUA was carried out at 8 weeks after TKA. How-
ever, limited ROM recurred after the procedure, which eventually 
resulted in 0o extension ankylosis at 1 year after surgery (Fig. 1). 

Discussion

The minimum ROM of the knee for resuming normal daily liv-
ing activities after TKA is 90o of flexion, and ≥110o of flexion is 
desirable for advanced level of activities7,8). Joint stiffness can be 
defined as limited ROM that restricts activities of daily living. In 
the past, a knee with <45o of ROM and ≥20o of flexion contrac-
ture was considered stiff9). However, the growing expectation of 
the patients and surgeons has raised the bar on the definition of 
stiffness: <70o of ROM according to Christensen et al.10) and <75o 
of ROM and ≥15o of flexion contracture according to Kim et al.11). 
Stiffness following TKA can be associated with preoperative/
intraoperative/postoperative patient characteristics. Regarding 
the preoperative factors, adhesions of the extensor mechanism 
and joint capsule are often observed during TKA in patients with 

Table 2. Demographics of Patients with Manipulation under Anesthesia

Characteristic Value

No. of cases (patients) 22 (16)

Gender 

   Male 1

   Female 21

Age (yr) 66.9±8.6

Body mass index (kg/m2) 27.4±4.0

Preop diagnosis (case)

   OA 19

   RA 2

   etc. (septic knee) 1

Preop ROM (o) 102.5±26.7

ROM <90 (cases) 6

Preop HSS score 55.0±15.1

Preop femorotibial angle (o) 4.9±4.3 varus

Values are presented as mean±standard deviation or number.
OA: osteoarthritis, RA: rheumatoid arthritis, Preop: preoperative, ROM: 
range of motion, HSS: Hospital for Special Surgery.

Table 3. Postoperative Data of Patients with Manipulation under 
Anesthesia 

Characteristic Value

Surgical data

   Operation time (min) 93.2±16.1

   Blood loss (mL) 648.2±333.8

Radiological data

   Tibial component alignment angle (o) 0.1±0.7 valgus

   Tibial component posterior inclination (o) 3.9±1.1

   Femorotibial angle (o) 6.0±1.3 valgus

   Tibial component alignment angle in 0o±3o (%) 100

   Femorotibial angle in 6o±3o (%) 95.5

Values are presented as mean±standard deviation or percentage.
SD: standard deviation. 
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functional impairment of an unknown cause, chronic inflamma-
tion, infection and previous surgery, which may eventually result 
in the development of stiffness in spite of adequate release during 

TKA due to the already decreased elasticity12,13). Intraoperative 
factors associated with stiff knees include flexion-extension gap 
imbalance, soft tissue imbalance, improper knee alignment, in-
adequate resection of the femur/tibia, incorrect implant position, 
insufficient restoration of the joint line, implant size mismatch, 
inaccurate anterior tibial slope, imperfect removal of the posterior 
femoral osteophytes, patellofemoral joint overstuffing and exces-
sive strain on the PCL in the PCL retained knee10,14). Possible post-
operative causes include insufficient pain management after TKA, 
patient’s low motivation and compliance, depression, intra-artic-
ular bleeding due to antithrombotic therapy, infection, improper 
and insufficient physical therapy15), heterotopic ossification16), 
complex regional pain syndrome17) and arthrofibrosis1). Arthrofi-
brosis is a specific condition characterized by formation of exces-
sive scar tissue in response to intraoperative injury. In worst cases, 
stiffness can be combined with arthrofibrosis, increased scar tis-

Table 4. Patients with Manipulation under Anesthesia (MUA)

No. Site
Age 
(yr)

Sex
Preop 

Dx
Preop  

ROM (o)
Implant

Patella 
resurfacing

PCL
ROM before 

MUA (o)
Interval 
(wk)a)

Last F/U
(mo)

ROM at last F/U 
(o)

1 R 61 F OA 90 LCS No PS 55 (20–75) 13.9 158 75 (10–85)

2 R 71 F IS 115 Maxim Yes CR 70 (0–70) 2.1 78 120 (10–130)

3 L 60 F RA 70 LCS Yes CR 75 (0–75) 8.1 113 0

R 70 Maxim Yes CR 80 (0–80) 5.4 113 100 (0–100)

4 L 63 F OA 115 NexGen Yes PS 70 (0–70) 8 126 140 (0–140)

5 L 86 F OA 100 NexGen Yes PS 60 (0–60) 1.4 22 110 (0–110)

R 100 NexGen Yes PS 70 (0–70) 4.3 22 110 (0–110)

6 L 74 F OA 115 NexGen Yes PS 70 (0–70) 2.1 66 130 (0–130)

R 135 NexGen Yes PS 70 (0–70) 2.1 66 125 (0–125)

7 L 59 F OA 80 NexGen Yes PS 70 (15–85) 8.1 72 125 (0–125)

R 90 NexGen Yes PS 75 (20–95) 8.1 72 120 (0–120)

8 L 65 F OA 65 NexGen Yes PS 75 (15–90) 3.9 93 105 (5–110)

9 L 70 F OA 115 NexGen Yes PS 80 (10–90) 4.1 3b) 125 (5–130)

R 90 NexGen Yes PS 35 (15–50) 4.1 3b) 70 (20–90)

10 R 74 F OA 140 NexGen Yes PS 60 (0–60) 2.4 60 135 (0–135)

11 R 71 F OA 65 NexGen Yes PS 70 (5–75) 7.4 2b) 95 (0–95)

12 L 65 M OA 145 NexGen Yes PS 70 (0–70) 3.1 67 135 (0–135)

13 R 71 F OA 70 NexGen Yes PS 30 (0–30) 1.9 23 125 (0–125)

14 L 57 F OA 145 NexGen Yes PS 75 (0–75) 2.9 18 145 (0–145)

R 145 NexGen Yes PS 40 (0–40) 2.9 18 135 (0–135)

15 R 53 F OA 90 NexGen Yes PS 60 (0–60) 3.6 20 110 (0–110)

16 R 66 F OA 105 NexGen Yes PS 60 (10–70) 4.1 15 110 (10–120)

Values are presented as mean (range).
Preop: preoperative, Dx: diagnosis, ROM: range of motion, PCL: posterior cruciate ligament, F/U: follow-up, R: right, OA: osteoarthritis, PS: posterior 
stabilized, IS: infection sequelae, CR: cruciate retaining, L: left, RA: rheumatoid arthritis. 
a)Interval between total knee arthroplasty and MUA, b)Less than 1-year follow-up after MUA.

Table 5. Results of Manipulation under Anesthesia (MUA)

Variable Mean±SD

ROM before MUA (o) 64.5±13.5

MUA time after surgery (wk) 4.7±2.9

Follow-up period after MUA (mo) 49.5±43.1

At final follow-up 

   ROM (o) 109.3±30.3

   Pain score 84.0±14.4

   Functional score 61.1±17.6

   Knee score 78.4±10.5

SD: standard deviation, ROM: range of motion.
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sue formation, formation of fibrous bands of scar tissue between 
the femur and the quadriceps, loss of suprapatellar bursa, short-
ening of the lateral expansion of the quadriceps, shortening of the 
rectus femoris muscle and restricted patellofemoral joint motion. 
Postoperative knee joint stiffness is difficult to predict, and, albeit 
unestablished, some studies attributed it to genetic inheritance in 
some patients.

MUA has been known as the most effective first-line treatment 
for knees presenting with <90o of flexion when aggressive post-
operative efforts for restoration of joint motion are ineffective 
and specific factors, such as infection, are not responsible for the 
stiffness. It can be efficacious for restricted flexion, but not for 
flexion contracture. Fibrous tissue that forms after surgery needs 
6 months of period for loss of cells and blood vessels until matu-
rity. However, the extent of stiffness is more related to the amount 
and location of the fibrous tissue than to the level of maturity. 
Joint stiffness tends to worsen and become persistent in 6 weeks; 
therefore, manipulation for stiffness should be performed before 
the maturity of fibrous tissue so as to prevent complications and 
restore joint mobility18). It has been recommended to carry out 
MUA once joint stiffness is observed even within 2–3 weeks after 
surgery in some studies19,20) and within 2 weeks to 3 months after 
surgery in other studies21,22). Esler et al.22) suggested knees with 
<80o of flexion be treated with manipulation irrespective of the 
time after surgery, preferably within 4 months after surgery. In 
the current study, knees with <80o of flexion were manipulated at 
a mean of 4.7±2.9 weeks (range, 1.4 to 13.9 weeks) after surgery.

The incidence of MUA was 4.6% in 800 knees in the study of 
Rubinstein and DeHaan23) and 4.3% in 3,244 knees in the study 
of Bawa et al.24). In comparison, the value was relatively low with 

0.5% in the current study. 
Fox and Poss20) reported that MUA did not make any difference 

in the one-year outcome of TKA, and Esler et al.22) also described 
that patients without MUA also achieved sustained gains in flex-
ion for one year after surgery. However, most studies showed that 
manipulated knees obtained greater range of flexion. Yercan et 
al.13) observed a mean of 47o of increase in flexion after 46 TKAs 
within 31 months. Mohammed et al.2) found 31.6o of improve-
ment in 21 knees at 6 months after surgery, and Esler et al.22) 
reported 47 knees obtained a mean of 33o of improvement at one 
year after surgery. In our study, including the one knee that had 
0o extension ankylosis, there was a mean of 49.9o of gain in flex-
ion to 113.4o±31.2o at 64.3±41.3 months after MUA.

In the current study, the incidence of MUA was 0.5% and the 
mean increase in flexion after TKA was 44.8o, indicating rela-
tively good outcomes. We attribute these relatively favorable 
results to 1) early diagnosis of stiffness during the 2 weeks of hos-
pitalization, 2) aggressive physical therapy performed under the 
supervision of the surgeon, and 3) prompt decision on the need 
for manipulation, which was carried out when normal range of 
flexion deemed unattainable with physical therapy alone during 
hospitalization and when early outpatient follow-up assessments 
indicated elevated risk of progression to stiffness in spite of some 
improvement in flexion. 

Sherry et al.25) reported that MIS total hip replacement was ef-
fective in reducing joint stiffness and McAllister and Stepanian26) 
showed that the incidence of MUA was lower after MIS TKA 
than TKA with the conventional method required (2% vs. 14%). 
In the current study, we also observed MUA was required more 
in patients with the conventional TKA (1.2%) than in those with 

A B C D

Fig. 1. Radiographs of a 60-year-old woman 
with rheumatoid arthritis. (A, B) Images 
obtained 2 months after manipulation show 
a good alignment. However, stiffness that 
restricted the range of motion to 70o re-
curred. (C, D) Radiographs at 9 years and 7 
months after surgery showing 0o extension 
ankylosis of the knee joint.
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MIS TKA (0.4%) although no statistically significant difference 
was noted between the groups. In our opinion, considering that 
intraoperative soft tissue injury may result in keloid formation 
and fibrosis during the healing process, our efforts to minimize 
injury to soft tissue contributed to the reduced incidence of post-
operative stiffness.

Conclusions 

Early MUA was effective in restoring satisfactory ROM in stiff 
knees following TKA.
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