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Alterations in deep tissue temperature around the knee after
total knee arthroplasty: its association with knee motion
recovery in the early phase
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ABSTRACT. Purpose: Cryotherapy has been employed to reduce postoperative inflammation for enhance-
ment of the recovery of total knee arthroplasty (TKA). However, the clinical advantages in functional recov-
ery after TKA remain controversial. This study was conducted to clarify the postoperative alterations in
deep temperature around the knee and to evaluate the association between the temperature changes and
functional recovery in the early phase after TKA. Methods: Postoperative changes in deep temperature
around the knee were evaluated with the probe that can measure subcutaneous tissue temperature at the
depth of 1 cm in 28 patients with medial knee osteoarthritis undergoing unilateral TKA through medial
parapatellar approach. The same rehabilitation protocol was provided without cryotherapy. Outcome as-
sessment included knee range of motion (ROM) and 10-meter fast speed walking test. Results: The operated
knee showed a greater increase in deep temperature at postoperative days 1 and 2, followed by a gradual de-
crease by day 14 when the temperature was still higher than the baseline. When deep temperature change
around the operated knee was calculated by subtracting the preoperative temperature from the highest post-
operative one, significant association was found between deep temperature change and knee ROM recovery
at day 14. The operated knees with more than 2°C increase in postoperative deep temperature resulted in
poor ROM recovery. There was no association of deep temperature change with 10-meter fast speed walking
test improvement at day 14 or ROM recovery at 1-year follow-up. Conclusions: This study has provided the
first data on deep temperature alterations around the knee after TKA. More than 2°C increase in postopera-
tive deep temperature could result in poor ROM recovery after TKA. The results may support establish-
ment of adequate procedures of cryotherapy for early gain in knee motion after TKA.
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Inflammation commonly appears in the perioperative tis-

sues after total knee arthroplasty (TKA). The severity of in-

flammation may determine the compliance with the pre-

scribed postoperative physical therapy of mobilization and

regaining range of motion (ROM) of the knee. ROM has

been recognized as an important outcome measure of TKA

and is a major component of joint-specific scoring sys-

tems1).

Local heat in association with inflammation poten-

tially increases the perioperative tissue temperature after

TKA. However, time course of deep tissue temperature

changes around the joint after TKA have not been reported

in the literature. Cryotherapy in combination with compres-

sion has been employed to mitigate postoperative inflam-

mation for enhancement of the recovery of TKA. Local ap-

plication of cold penetrates to a depth of 4 cm below the

skin2 ) . Indeed, the cold reduces intraarticular temperature

after arthroscopy when applied over the joint. The mean
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difference in the intraarticular temperature is 6°C between

the knees with and without cryotherapy for one hour after

arthroscopy3). Thus, cryotherapy could cause beneficial ef-

fects on functional recovery after TKA as a result of the in-

traarticular temperature decrease. However, the clinical out-

comes on ROM have been equivocal. Some studies have

shown a benefit4-7 ) , whereas others have demonstrated no

difference8-11). One of the reasons for these controversial re-

sults may be different procedures of cryotherapy used in

different studies. In order to design an appropriate postop-

erative cryotherapy, it is necessary to elucidate deep tissue

temperature changes around the joint after TKA.

Our goals for this study were to clarify the postopera-

tive alterations in deep temperature around the knee and to

evaluate the association between the temperature changes

and functional recovery in the early phase after TKA.

Methods

1. Patients
Fifty consecutive patients from the preoperative wait-

ing list were scheduled for unilateral primary TKA over a

period of six months from April 2015. The exclusion crite-

ria included previous surgery on the evaluated knee, previ-

ous arthroplasties of other joints, rheumatoid arthritis, and

decreased mobility due to non-joint-related factors (e.g. ,

Parkinson disease). Twenty patients were excluded based

on these criteria. Two patients were lost to 1-year followup

because of their remote relocation. The remaining 28 pa-

tients with medial knee osteoarthritis undergoing unilateral

TKA were enrolled to evaluate postoperative changes in

deep temperature around the knee. All patients received the

same standardized postoperative care with the same medi-

cal rehabilitation protocol without cryotherapy. Physical

therapy including mobilization started on the first postop-

erative day. Informed consent was obtained from each pa-

tient in strict accordance with the Declaration of Helsinki.

All procedures in this study were approved by the ethics

committee of Kobe City Medical Center General Hospital

( the acknowledgment number : zn170903) . No infection

was seen in the knees with TKA during the entire postop-

erative course.

2. Deep tissue temperature measurement
In addition to body temperature measurement and he-

matological analyses including C-reactive protein (CRP) as

routine examinations, deep tissue temperature was meas-

ured non-invasively with the thermometer on the basis of

zero-heat-flow method 12 ) ( Core Temp CM-210, Terumo

Corporation, Tokyo, Japan) before physical therapy at the

identical time of day pre- and postoperatively in the same

room where the temperature was kept at 25°C. This moni-

toring system has already been approved as a medical de-

vice in Japan and used clinically for deep temperature

measurement throughout the perioperative process. The

probe can measure the tissue temperature at the depth of 1

cm subcutaneous. In the previous study thermocouple

probes have been placed intraarticularly into the medial

gutter and the suprapatellar pouch under arthroscopy to

measure the intraarticular temperature3). While skin incision

for TKA hampered probe placement in the anterior aspect

of the knee for measurement of deep temperature in refer-

ence to the suprapatellar pouch, we employed the medial

aspect for measurement of deep temperature corresponding

to the medial gutter. Preliminary setup according to the

manufacture’s instruction confirmed that the probe was se-

curely positioned at the point 6 cm medial to the superior

patellar pole with the knee fully extended and could pro-

vide consistent data on deep temperature in three separate

measurements.

3. Surgical technique
All knees were approached through a midline anterior

incision with a medial parapatellar arthrotomy. TKA was

performed using Bi-Surface 5 total knee system (KYO-

CERA Medical Corporation, Osaka, Japan) with a tourni-

quet applied for 75 minutes in average (60-90 minutes). Be-

fore skin closure, hemostasis was controlled using dia-

thermy. Wound drainage was used postoperatively. Postop-

erative pain control was conducted with the same regimen.

After completing the surgery, epidural analgesia with fen-

tanyl was administered in all patients by postoperative day

2. Thereafter, exacerbation of pain was treated with cele-

coxib 400 mg/day by postoperative day 14 at discharge.

4. Assessment of outcome
Patients were evaluated pre- and post-operatively by

physical therapists experienced in the conduction of func-

tional assessments. Knee flexion and extension were meas-

ured at discharge (day 14) and 1-year followup with the use

of a hand-held goniometer. Postoperative recovery of ROM

was evaluated by subtracting the baseline data at admission

from the data at discharge. When ROM was greater or

equal at discharge or 1-year followup than that at admis-

sion, postoperative recovery of ROM was considered as

gain. In contrast, when ROM was smaller at discharge or 1-

year followup, the ROM recovery was considered as loss.

Performance-based function was assessed using a 10-meter

fast speed walking test (10MWT) by measuring the time re-

quired to walk 10 meters as quickly and safely as possible,

with or without assistive devices, on a level surface. Post-

operative effects on 10MWT were evaluated by subtracting

the baseline data at admission from those at postoperative

day 14 at the time of discharge.

5. Statistical analyses
Data were presented as mean ± SD. After Shapiro-

Wilk test of normality, data were compared by t test and
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Table　1.　  Demographic data of 28 patients at admission and 

discharge

admission discharge
1-year 

followup

age (years) 76.6±6.9

sex (female/male) 20/8

BMI (kg/m2) 25.2±3.3

knee flexion (°) 119±16 108±14* 119±8.0

knee extension (°) –12.5±6.2 –10.3±5.7 –1.6±3.1*

total ROM (°) 106±19 97.3±17.5* 117±9.7*

10MWT (sec) 9.5±2.5 13.1±9.8*

Values are expressed as mean±SD. *P<0.05 vs the data at 

admission by paired t test. The data on the operated knee mo-

tion are shown. BMI: body mass index, ROM: range of mo-

tion, 10MWT: 10-meter fast speed walking test.

Figure　1.　Time courses of deep tissue temperature around the knee joints, body temperature, and 

C-reactive protein (CRP). Deep tissue temperature was measured with the probe that can measure 

the tissue temperature at the depth of 1 cm subcutaneous. Values are mean ± SD. *P<0.05 com-

pared with the baseline data at admission (preop) by paired t test. #p < 0.05 compared with the tem-

perature in the non-operated knee at the same postoperative day by paired t test.
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Mann-Whitney test for parametric and nonparametric tests,

respectively. Fisher’s exact test was used to compare ROM

recovery conditions on the basis of postoperative deep tis-

sue temperature change. Odds ratios and respective 95%

confidence intervals were presented. Significance was set at

P<0.05. Statistical analyses were conducted in SPSS for

Windows, Version 24.0 ( SPSS Inc., Chicago, Illinois,

USA).

Results

Of 28 TKA patients, there were 20 females and 8

males. For full patient demographics, see Table 1.

1. Time course of deep tissue temperature after TKA (Fig-
ure 1)

There was no significant difference in preoperative

deep tissue temperature at admission between the operated

and non-operated control knees. After TKA, deep tempera-

ture around the control knee increased at day 1 and thereaf-

ter decreased and reached the preoperative levels by day 3.

Compared with the control knee, the joint with TKA

showed a greater increase in deep temperature at days 1 and

2, followed by a gradual decrease by day 14 at discharge

when the temperature was still higher than the baseline at

admission. Deep temperature around the joint with TKA

was significantly higher at each postoperative day through

the entire time course than the preoperative temperature

around the same knee and the temperature around the con-

trol knee at the same postoperative day (Figure 1).

2. Association between deep temperature change and knee
ROM recovery at discharge

We calculated the deep temperature change around the

operated knee by subtracting the baseline preoperative tem-
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Figure　2.　Linear regression analyses of postoperative deep temperature change with knee motion 

recovery and postoperative effects on 10-meter fast speed walking test (10MWT). Deep temperature 

change around the operated knee was calculated by subtracting the baseline temperature at admis-

sion from the highest postoperative one. Postoperative recovery of range of motion (ROM) in the 

operated knee and postoperative effects on 10MWT were evaluated by subtracting the baseline data 

at admission from the data at discharge.
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perature at admission from the highest postoperative one.

The scatter plots (Figure 2) demonstrated a significant asso-

ciation between the deep temperature change and each re-

covery of flexion, extension, and total ROM at day 14, al-

though no improvement was found in comparison of knee

motion between admission and discharge among all the 28

patients (Table 1). From the regression equation obtained

(Figure 2), total ROM recovery was calculated to be almost

zero when postoperative deep temperature change was 2°C.

Thus, postoperative deep temperature change of 2°C could

divide total ROM recovery into gain and loss. Of the 28

TKA patients, 6 and 22 patients showed less than and more

than 2°C increases in deep tissue temperature, respectively.

When demographic data at admission were compared be-

tween the two groups classified on the basis of the deep

temperature change, there was no significant difference be-

tween the groups. In addition, no difference in the body

temperature and CRP at days 1 and 3, respectively, was

found between the groups (Table 2). In contrast to one of

the 6 patients with less than 2°C increase, 17 of the 22 pa-

tients with more than 2°C increase in postoperative deep

temperature showed total ROM recovery loss at day 14.

Thus, more than 2°C increase in postoperative deep tem-

perature significantly correlated with the incidence of total

ROM recovery loss in the TKA patients at day 14 (Table

3). When ROM were compared between admission and dis-

charge, the TKA group with more than 2°C increase in

postoperative deep temperature resulted in a significant de-

crease in total ROM and flexion at day 14. The group with

less than 2°C increase showed a significant increase in ex-

tension at day 14 (Table 4).

3. Association between deep temperature change and knee
ROM recovery at 1-year followup

At 1-year followup, a significant increase in extension

and total ROM was found in comparison of knee motion

between admission and discharge among all the 28 patients

(Table 1). However, there was no association between the

deep temperature change and each recovery of flexion, ex-

tension, and total ROM (Figure 3). Every patient with less

than 2°C increase in postoperative deep temperature

showed total ROM recovery gain, while 16 of the 22 pa-

tients with more than 2°C increase exhibited total ROM re-

covery gain at 1-year followup (Table 3 ) . Whereas the

TKA group with less than 2°C increase in postoperative

deep temperature resulted in a significant gain in flexion,

extension, and total ROM, the group with more than 2°C

increase showed a significant increase in extension and to-

tal ROM at the followup (Table 4).

4. No association of deep temperature change with 10MWT
Significant delay was found in 10MWT at the time of
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Table　2.　 Comparison of demographic data between the two groups clas-

sified on the basis of postoperative deep temperature change

deep temperature change <2℃ >2℃ P

sex (female/male) 4/2 16/6

age (years) 79.8±6.5 75.6±7.1 0.206*

BMI (kg/m2) 25.1±1.6 25.2±3.6 0.984*

flexion at admission (°) 113±12 120±16 0.234**

extension at admission (°) –13.3±6.1 –12.3±6.3 0.716*

total ROM at admission (°) 100±16 108±20 0.502*

body temperature at day 1 (℃) 37.8±0.4 37.9±0.6 0.815*

CRP at day 3 (mg/dl) 14.0±5.1 14.0±5.9 0.993*

Values are expressed as mean±SD. After deep temperature change was 

calculated by subtracting the baseline temperature at admission from the 

highest postoperative one, 28 TKA patients were classified into two 

groups, <2℃ (n=6) and >2℃ (n=22). The data on the operated knee mo-

tion are shown. After Shapiro-Wilk test of normality, data were compared 

by t test (*) and Mann-Whitney test (**) for parametric and nonparametric 

tests, respectively. BMI: body mass index, ROM: range of motion, CRP: 

C-reactive protein.

Table　3.　  Comparison between deep temperature change and knee motion 

recovery conditions

total ROM 
recovery

deep temperature 
change P* OR 95% CI

<2℃ >2℃

discharge
gain 5  5

0.013 17.0 1.59-181
loss 1 17

1-year followup
gain 6 16

0.198
loss 0  6

After deep tissue temperature change was calculated by subtracting the base-

line temperature at admission from the highest postoperative one, 28 TKA 

patients were classified into two groups, <2℃ (n=6) and >2℃ (n=22). When 

total range of motion (ROM) in the joint with total knee arthroplasty was 

greater or equal at discharge than that at admission, total ROM recovery was 

considered as gain. In contrast, when total ROM was smaller at discharge, to-

tal ROM recovery was considered as loss. *Comparison by Fisher’s exact 

test.

Table　4.　  Comparison of knee motion recovery on the basis of postoperative deep temperature 

change

<2℃ >2℃
admission discharge 1-year admission discharge 1-year

flexion 113±12 108±12 122±8.8* 120±16 107±15* 118±7.8

extension –13.3±6.1 –6.2±4.3* –0.8±2.0* –12.3±6.3 –11.4±5.6 –1.8±3.3*

total ROM 100±16 102±15 121±9.7* 108±19 96±18* 116±9.7*

Values are mean±SD. After deep tissue temperature change was calculated by subtracting the 

baseline temperature at admission from the highest postoperative one, 28 TKA patients were 

classified into two groups, <2℃ (n=6) and >2℃ (n=22). The data on the operated knee motion are 

shown. *P<0.05 vs the data at admission in the same group by paired t test.
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Figure　3.　Linear regression analyses between postoperative deep temperature 

change and knee motion recovery at 1-year followup. Deep temperature change 

around the operated knee was calculated by subtracting the baseline temperature at 

admission from the highest postoperative one. Postoperative recovery of ROM in the 

operated knee was evaluated by subtracting the baseline data at admission from the 

data at 1-year followup.
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discharge compared with admission (Table 1). The scatter

plots showed marginal association between the deep tem-

perature change and the postoperative effects on 10MWT at

day 14 (Figure 2).

Discussion

This study has demonstrated the first data on natural

time course of deep tissue temperature around the joint with

TKA. Surgical intervention-induced inflammation resulted

in a significant increase in deep temperature in the operated

knee. In the previous studies using a flexible catheter probe

inserted invasively into the knee joint cavity with various

arthritic diseases, intraarticular and skin surface baseline

temperatures are 35-36°C and 31-33°C in average, respec-

tively13). Similar studies in the healthy knee joint using the

same method have shown that intraarticular and skin sur-

face baseline temperatures are 32-33°C and 27-29°C in av-

erage, respectively 14 ) . Skin surface temperature is lower

than the intraarticular temperature, probably because skin

can cool and rewarm at a faster rate15). In contrast to skin

surface temperature, the baseline deep temperature of

34.2°C in average in the present series of osteoarthritic

knee joints is considered to be compatible with the intraar-

ticular temperature. Therefore, the deep tissue temperature

that can be non-invasively measured on the basis of zero-

heat-flow method12) may be a surrogate marker for evaluat-

ing the intraarticular temperature in the knee.

This study has clearly shown association between deep

temperature change and knee ROM recovery in the early

phase after TKA, which may support a role of cryotherapy

in early ROM gain after TKA. Cryotherapy after TKA has

been employed as standard care in some facilities yet infre-

quently used in others16,17). There is evidence that cryother-

apy in combination with compression for 3 days after TKA

improves ROM during postoperative 7-21 days6 ). In addi-

tion, a meta-analysis evaluating the efficacy of cryotherapy

within 48 hours after TKA has revealed that cryotherapy

has benefits for early ROM recovery at discharge18). How-

ever, no studies have measured the intraarticular or deep

tissue temperature before and after cryotherapy, or have

compared alterations in the temperatures between the knees

with and without cryotherapy. Because the operated knees

with more than 2°C increase in deep temperature may result

in poor recovery of total ROM at discharge, it is likely that

cryotherapy is applied to keep the deep temperature change

within 2°C for the first and second days after TKA. Our ob-

servations of postoperative alterations in deep tissue tem-

perature around the knee joint with TKA during the time

period of 14 days indicate a basis for further investigation

on the establishment of appropriate cryotherapy after TKA.

What causes different postoperative increases in deep tissue

temperature around the knee among patients remains to be

elucidated.

Limitations of our study include relatively small num-

ber of cases studied. At three months after TKA, one study

has shown that cryotherapy provides a favorable effect on

knee flexion19) whereas the other has demonstrated no effect

by cryotherapy5 ). We found no association of deep tissue

temperature change with ROM recovery at one year after

TKA. From the results of the meta-analysis18) and the pre-

sent study, cryotherapy could improve knee motion in the

early postoperative phase. Early gain in knee motion by

cryotherapy may speed up the time for mobilization be-

cause restricted knee ROM potentially impedes early medi-

cal rehabilitation. Future prospective studies with more pa-

tients should be conducted to address this issue. Another

limitation is different thickness of the soft tissue surround-

ing the knee joint in different patients. Because thermal

conductivity is different between adipose tissue and muscle,

deep tissue temperature at the depth of 1 cm could differ-

ently reflect the intraarticular temperature among patients.

However, the patients enrolled in the present study exhib-

ited no difference in BMI between the operated knees with

less than and more than 2°C increase in deep temperature.

Conclusion

This study is the first to demonstrate alterations in

deep tissue temperature around the knee after TKA. Signifi-

cant association was found between deep temperature

change and postoperative ROM recovery. TKA patients

with more than 2°C increase in postoperative deep tempera-

ture could result in poor ROM recovery in the early phase.

The present results may provide the basic data to establish

adequate procedures of cryotherapy after TKA for early

gain in knee motion.
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