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Abstract

Objective: Postoperative knee range of motion (ROM) is among 
the most important factors influencing patient satisfaction after total 
knee arthroplasty (TKA). The purpose of this study was to clarify 
the time course of improvement in knee ROM up to 12 months after 
TKA, including intraoperative knee ROM after implantation, and to 
clarify a target ROM for rehabilitation after TKA.
Patients and Methods: In total, 39 knee joints in 26 patients with 
osteoarthritis who underwent TKA (retaining the posterior cruci-
ate ligament) were evaluated. Goniometry was used to measure the 
knee range of extension and flexion preoperatively; intraoperative-
ly; at 1 and 2 weeks after TKA; and then at 1, 3, 6, and 12 months 
after TKA.
Results: The postoperative extension range gradually improved up 
to a maximum at 6 months after TKA; there were no significant 
differences in the extension range between intraoperative and 6 
months after TKA, intraoperative and 12 months after TKA, or 6 
and 12 months after TKA. The postoperative flexion range gradu-
ally improved, with the maximum improvement observed at 3 
months after TKA; there were no significant differences in the flex-
ion range before TKA and 3, 6, and 12 months after TKA. There 
were no significant differences between flexion ROM measured at 
3, 6, and 12 months after TKA.
Conclusions: The changes in the knee range of extension pla-
teaued 6 months after TKA, and those in the knee range of flexion 
plateaued 3 months after TKA. The target range of extension for 
rehabilitation from 6 months to 12 months after TKA was the in-
traoperative range, and the target range of flexion for rehabilitation 
from 3 months to 12 months after TKA was the preoperative range.
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Introduction

Total knee arthroplasty (TKA) has been widely imple-
mented in recent years as a surgical treatment for osteo-
arthritis of the knee, and favorable long-term outcomes 
have been reported1–3). Postoperative knee range of motion 
(ROM) is one of the most important factors influencing pa-
tient satisfaction after TKA. A limited flexion angle hinders 
activities of daily living, and patients experience low satis-
faction levels when their activity is lower than the preop-
erative level or when they are unable to enjoy anticipated 
activities4, 5). It allows for better informed consent from pa-
tients during the preoperative explanation of TKA, and al-
lows patients to have realistic expectations with regard to 
the outcome of the surgery. Moreover, an understanding of 
the time course of improvement in knee ROM after TKA 
will allow surgeons and rehabilitation therapists to monitor 
the progress of patients in a better manner, especially with 
respect to rehabilitation.

Few studies have reported the time course of improve-
ment in knee ROM after TKA6, 7). The knee ROM report-
edly reaches a plateau at 12 months after TKA6). However, 
the intraoperative knee ROM after implantation, knee ROM 
within 1 month after TKA, and the exact target ROM for 
rehabilitation after TKA remains unclear.

The purpose of this study was to clarify the time course 
of improvement in knee ROM for up to 12 months after 
TKA, including intraoperative knee ROM after implanta-
tion, and to clarify a target ROM for rehabilitation after 
TKA. The hypothesis was that there is a time point at which 
a target ROM for rehabilitation is reached after TKA.
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Patients and Methods

The ethics committee of Ibaraki Prefectural University 
of Health Sciences reviewed and approved the study (No. 
664). Informed consent was obtained from each patient.

From July 2009 to August 2015, unilateral and bilateral 
primary TKA (retaining the posterior cruciate ligament) 
was performed on 40 joints in 27 patients by a senior sur-
geon (H.M.). Those bilateral TKAs were not simultaneous 
operations. One patient was dropped from the study because 
of transfer to a different hospital; ultimately, a total of 39 
joints in 26 patients were evaluated in this study. All pa-
tients had medial osteoarthritis (OA) of the knee. The pre-
operative characteristics, including age, sex, height, weight, 
body mass index, preoperative femorotibial angle, operative 
time, implant installation angle8), and interval between sur-
gery and hospital discharge are summarized in Table 1.

All patients were administered general anesthesia. We 
made a midline skin incision, and used a medial parapa-
tellar approach. We used an intramedullary alignment rod 
for femoral cutting, and an extramedullary guide system 
for tibial cutting using an independent cut technique. We 
routinely grafted a bone plug in the femoral canal for intra-
medullary guidance. We did not replace the patella, and re-
tained the posterior cruciate ligament. We fixed components 
without cement, except when we used metal block implants, 
for which cement fixation is recommended, and when the 
bone was osteoporotic. We used the following implants: the 
Scorpio NRG CR HA (Stryker Howmedica Osteonics, Al-
lendale, NJ, USA) in 6 knees, the LFA CR (JMM, Osaka, 
Japan) in 2 knees, and the NexGen CR (Zimmer, Warsaw, 
IN, USA) in 31 knees. With the NexGen CR type, the fem-
oral component was the HA-TCP CR Femoral or CR-flex 
Porus Femoral. The tibial component was the NexGen CR 
HA-TCP Stem Tibia or NexGen Trabecular Metal Monob-
lock Tibia. After fixing the components, we confirmed the 
stability of the ligament balance.

To reduce blood loss, intra-articular tranexamic acid 
(10% Transamin, 10 ml, 1,000 mg; Daiichi-Sankyo, Tokyo, 
Japan) was injected via the drain in a retrograde manner af-
ter the wound was closed, and the drain was then clamped 
for 1 hour9). We used an intra-articular drain connected to a 
vacuum bag.

Postoperatively, all patients received intravenous pro-
phylactic antibiotic therapy consisting of 1 g of cefazolin 
every 12 hours for 3 days. Standard thromboprophylaxis 
was also prescribed for all patients postoperatively. We 
used a foot pump (Novamedix A-V Impulse System; Ko-
bayashi Medical, Osaka, Japan) and antiembolic stockings 
(Ansilk®; ALCARE, Tokyo, Japan) for thromboembolic 
prophylaxis10, 11).

We removed sutures of all the patients 2 weeks post-
operatively. A continuous passive movement machine, and 
active and passive ROM therapy by a physical therapist 
commenced on postoperative Day 2. One week after TKA, 
patients were allowed to stand, and walk with full weight 
bearing using crutches, a walker, or a cane, as required. 
Hospitalized rehabilitation comprised 40 to 60 minutes of 
physical therapy and 40 to 60 minutes of occupational ther-
apy. Patients were rehabilitated once a week for 3 months 
after discharge from the hospital.

We measured the knee range of extension and flexion 
before TKA; intraoperatively; at 1 and 2 weeks after TKA; 
and at 1, 3, 6, and 12 months after TKA. Knee ROM was 
measured using goniometry, accurate to 1°. The landmarks 
used in the measurements were the greater trochanter of the 
femur, the proximal head of the fibula, and the lateral mal-
leolus. In addition, the Japanese Orthopaedic Association 
OA knee rating score (JOA score)12) was recorded before and 
12 months after TKA. The JOA score rates pain on walking 
(0–30 points), pain on ascending and descending the stairs 
(0–25 points), ROM (0–35 points), and joint swelling (0–30 
points) for patients with OA, with a maximum total score of 
100 points. Strong correlations were observed between JOA 
score and Knee Society function score13, 14). The JOA score 
at 12 months was significantly greater than the preoperative 
JOA score (79.1 ± 9.7 vs. 52.6 ± 7.8, p < 0.001, paired t-test).

ROM data were analyzed using a one-way repeated 
measure analysis of variance. As a post-hoc analysis, the 
Bonferroni comparisons test was performed. A p value of < 

Table 1 Patient characteristics

Characteristic

Patient (n) 26
Age (year) 76.7 ± 6.2
Sex (male/female) 8 / 18
Disease Osteoarthri-

tis
Height (cm) 152.4 ± 8.5
Body weight (kg) 60.9 ± 11.1
BMI (kg/m2) 26.1 ± 3.8
Knee (n) 39
Preoperative FTA (°) 185.6 ± 4.3
Operative time 90.4 ± 18.0
Implant installation angle

α (°) 83.7 ± 1.4
β (°) 90.2 ± 1.3
γ (°) 3.7 ± 2.5
δ (°) 84.2 ± 2.3

Time from the operation to discharge (day) 83.8 ± 47.3

Results are represented as the mean ± SD. BMI: body mass 
index, FTA: femorotibial angle.
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0.05 was considered statistically significant. Analyses were 
performed using IBM SPSS Statistics (Version 22; SPSS, 
Chicago, IL, USA).

Results

The mean values of range of extension and flexion at the 
various time points are summarized in Table 2. The values 
of range of extension and flexion angle are described and 
plotted in Table 2 and Figure 1.

There were no significant differences in the range of ex-
tension between intraoperative and 6 months after TKA (p = 
0.293), intraoperative and 12 months after TKA (p = 0.652), 
and between 6 and 12 months after TKA (p = 1.000). There 
were no significant differences in the range of extension be-
tween 3 and 6 months after TKA (p = 1.000), and between 
3 and 12 months after TKA (p = 1.000); however, the range 
of extension at 3 months after TKA was significantly greater 
than the intraoperative range of extension (p = 0.040). Com-
pared with the preoperative range of extension, there were 
significant differences between that measured intraopera-
tively (p < 0.001), and that measured 3 (p = 0.029), 6 (p < 
0.001), and 12 months after TKA (p < 0.001). The postopera-
tive range of extension gradually improved in comparison 
with the preoperative extension range, with the maximum 
improvement observed at 6 months after TKA (Figure 1).

There were no significant differences between the range 
of flexion before TKA and 3 months after TKA (p = 1.000), 
before TKA and 6 months after TKA (p = 0.728), before 

Table 2 Range of motion (ROM)

Time point ROM (°) p value

Extension preoperative 8.7 ± 9.6 p < 0.001
intraoperative 0.3 ± 1.1 NA
1 week 8.3 ± 7.3 p < 0.001
2 weeks 5.8 ± 6.0 p < 0.001
1 month 3.9 ± 5.4 p = 0.001
3 months 2.7 ± 4.7 p = 0.029
6 months 1.5 ± 3.5 NS
12 months 1.5 ± 3.8 NS

Flexion preoperative 118.5 ± 18.3 NA
intraoperative 125.0 ± 7.2 p = 0.413
1 week 78.2 ± 15.6 p < 0.001
2 weeks 90.6 ± 15.3 p < 0.001
1 month 106.8 ± 15.8 p = 0.015
3 months 112.1 ± 14.8 NS
6 months 111.5 ± 13.7 NS
12 months 113.6 ± 15.3 NS

Results are represented as the mean ± SD. p values for extension 
range compared with intraoperative values. p values for flexion 
range compared with preoperative values. NS: not significant, NA: 
not applicable. Extension angle is shown as the flexion angle.

Figure 1 Graph showing the range of knee flexion and extension over time. Upper graph shows 
the range of flexion. Lower graph shows the range of extension. Extension angle is 
shown as the flexion angle.
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TKA and 12 months after TKA (p = 1.000), between 3 and 
6 months after TKA (p = 1.000), between 3 months and 12 
months after TKA (p = 1.000), and between 6 and 12 months 
after TKA (p = 1.000). The intraoperative range of flexion 
was significantly greater than that at 1 week (p < 0.001), 
2 weeks (p < 0.001), 3 months (p < 0.001), 6 months (p < 
0.001), and 12 months after TKA (p = 0.001); however, there 
were no significant differences between the intraoperative 
range of flexion and preoperative flexion range (p = 0.413). 
The postoperative range of flexion gradually improved, 
with the maximum improvement observed at 3 months after 
TKA (Figure 1).

Discussion

The main findings of the current study were that changes 
in the knee range of extension plateaued at 6 months after 
TKA, and those in the knee range of flexion plateaued at 3 
months after TKA. The target range of knee extension for 
rehabilitation from 6 months to 12 months after TKA was 
the intraoperative extension range, and the target range of 
flexion for rehabilitation from 3 months to 12 months af-
ter TKA was the preoperative flexion range. Although the 
postoperative range of extension gradually improved in 
comparison with the preoperative range, with the maximum 
improvement observed at 6 months after TKA, the intraop-
erative range of extension was significantly lesser than that 
at 3 months after TKA; there were no significant differences 
between the extension range measured intraoperatively and 
6 months after TKA, intraoperatively and 12 months after 
TKA, and between 6 and 12 months after TKA. The postop-
erative range of flexion gradually improved, with the maxi-
mum improvement observed at 3 months after TKA; there 
were no significant differences between the range of flexion 
before TKA and 3, 6, and 12 months after TKA, between 
3 and 6 months after TKA, between 3 and 12 months after 
TKA, and between 6 and 12 months after TKA.

The postoperative flexion angle is reportedly positively 
correlated with the preoperative flexion angle15, 16). Preop-
erative soft tissue condition can influence the postoperative 
flexion angle. The current study found similar pre- and post-
operative flexion angles, which is similar to the results of 
previous reports15, 16). Therefore, the target range of flexion 
for rehabilitation after TKA can be set as the preoperative 
flexion angle. In contrast, the postoperative knee extension 
angle is reportedly significantly greater than the preopera-
tive levels6). We clarified the target extension angle for reha-
bilitation after TKA for the first time. Although the exten-
sion angle is corrected by bone cutting and intraoperative 
soft tissue release, the ROM is reportedly insufficient for 1 
month after TKA owing to decreased quadriceps strength 

and postoperative pain17). Zhou et al. reported that the knee 
ROM reached a plateau at 12 months after TKA6). In the 
current study, earlier recovery of the flexion (3 months) and 
extension ranges (6 months) were observed compared to 
findings reported in a previous study6). This may be because 
of possible mild swelling after TKA in the current study 
due to tranexamic acid being used to minimize bleeding. In 
addition, our patients underwent several rehabilitation ses-
sions owing to the long duration of hospitalization. Prospec-
tive randomized studies are necessary to clarify the effect 
of tranexamic acid use and long duration of hospitalization.

The difference in ROM between posterior-stabilized 
implants and cruciate-retaining implants has been studied 
well. Several studies have reported that posterior-stabilized 
implants achieved a slightly higher degree of flexion than 
that achieved by cruciate-retaining implants18–20), while at 
least 1 study has found no significant difference in the ROM 
between posterior-stabilized implants and cruciate-retain-
ing implants21). In the current study, we used only cruciate-
retaining implants. In the future, it may be necessary to 
compare the change in ROM at several time points between 
patients with cruciate-retaining implants versus those with 
posterior-stabilized implants.

Patients reportedly have low satisfaction with a limited 
postoperative flexion range when their activity is even lower 
than it was before TKA, or when they are unable to enjoy 
anticipated activities4, 5, 22). Predicting postoperative ROM is 
complicated because the results can be affected by multiple 
factors such as the age and sex of the patient, diagnosis, pre-
operative ROM, the skill of the operating surgeon, design 
of the prosthesis, and postoperative rehabilitation15, 23, 24). 
Clinically, accurate prediction of postoperative ROM allows 
for better informed patient consent during preoperative dis-
cussions. Knowledge of the time course of improvement in 
knee ROM after TKA will allow patients to have realistic 
expectations of the surgical outcome. Moreover, an under-
standing of the time course of improvement in knee ROM 
after TKA will enable surgeons and rehabilitation therapists 
to monitor the progress of the patients in a better manner.

The current study has potential limitations. First, unlike 
this study, a prospective randomized study designs achieve 
higher degrees of evidence. Second, the number of patients 
was small, and the results might be different from those of 
studies with larger sample sizes. Third, the follow-up period 
was only 12 months. Moreover, no data were collected be-
tween 6 and 12 months after TKA; however, the knee ROM 
did not change significantly with regard to the flexion or ex-
tension range during this period after TKA. A long-term 
follow-up study with short interval investigation time points 
is warranted. Finally, the implant types were not unified; 
unification of the implant type may be necessary.
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Conclusions

The changes in the range of extension of the knee pla-
teaued at 6 months after TKA, and those in the knee range 
of flexion of the knee plateaued at 3 months after TKA. The 
target range of extension for rehabilitation from 6 months 
to 12 months after TKA was the intraoperative extension 
range, and the target range of flexion for rehabilitation from 
3 months to 12 months after TKA was the preoperative flex-
ion range.
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