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Background: Peripheral nerve blocks improve both pain control and functional outcomes following total knee arthroplasty
(TKA). However, few studies have examined the effects of different peripheral nerve block protocols on postoperative range of
motion. The present study assessed the impact of a single-shot femoral nerve block (SFNB) versus continuous femoral nerve
block (CFNB) on postoperative range of motion and the need for subsequent manipulation following TKA.

Methods: We retrospective reviewed patient charts to identify patients who had undergone primary elective unilateral
TKA by 2 surgeons at a high-volume orthopaedic specialty hospital over a 3-year period. A total of 1,091 patients received
either SFNB or CFNB and were included in the data analysis. Identical surgical techniques, postoperative oral analgesic
regimens, and rehabilitation protocols were used for all patients. Patients with <90� of flexion at 6 weeks postoperatively
underwent closed manipulation under anesthesia (MUA).

Results: Overall, 608 patients (55.7%) received CFNB and 483 patients (44.3%) received SFNB. Overall, 94 patients
(8.6%) required postoperative manipulation for stiffness, including 36 (5.9%) in the CFNB group and 58 (12%) in the SFNB
group. The 50% reduction in the need for manipulation in the CFNB group was independent of primary surgeon (p > 0.05).
No significant differences were observed between the groups in terms of postoperative range of motion, either at the time
of discharge or at 6 weeks postoperatively. A history of knee surgery, decreased preoperative range of motion, and
decreased range of motion at the time of discharge were significantly associated with the need for further MUA (p =
0.0002, p < 0.0001, and p < 0.0001, respectively).

Conclusions: Despite similar final postoperative range of motion between patients in both groups, our results suggest
that CFNBmay be superior to SFNB for reducing the need for postoperative manipulation after primary TKA. Furthermore, a
history of ipsilateral knee surgery, decreased preoperative range of motion, and decreased range of motion at the time of
discharge were identified as independent risk factors for postoperative stiffness requiring MUA after primary TKA.

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.

P
ostoperative knee stiffness, defined as inadequate range
of motion and persistent pain that affects activities of
daily living, can be a debilitating complication of total

knee arthroplasty (TKA)1,2. Despite advances in implants, surgical
technique, and postoperative rehabilitation protocols, postopera-
tive stiffness remains a common problem; the reported incidence
ranges from 1.3% to 12%1-9. Postoperative stiffness leads to worse
outcomes and may limit activities of daily living. Previously
identified risk factors include limited preoperative flexion range
of motion, a history of ipsilateral knee surgery, and low Knee
Society scores10,11. Intraoperative risk factors include improper
gap balancing, malpositioning of the femoral or tibial compo-

nent, inadequate resection, and excessive joint line elevation3.
Among arthroplasty specialists, there currently is no clear con-
sensus on the specific criteria that define postoperative knee stiff-
ness or when to intervene to treat it. Both the criteria for diagnosing
knee stiffness after TKA and the timing of therapeutic intervention
vary among surgeons1,7-10,12. Early identification of pathologic knee
stiffness after TKA is paramount to preventing poor postoperative
range of motion as closed manipulation is most successful within
3 months after the index procedure13. It is essential to recognize
pathologic knee stiffness after TKA and to adequately address
both the intrinsic and extrinsic causes3. Symptomatic stiffness at
3 months postoperatively may require the morbidity of
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additional surgical procedures such as open or arthroscopic
lysis of adhesions or revision TKA3.

After TKA, optimizing postoperative pain control may
hasten recovery and improve performance at physical therapy,
ultimately resulting in superior knee range of motion. Peripheral
nerve blocks are an integral part of perioperative pain manage-
ment, along with narcotics, anti-inflammatory medications, and
neuromodulators. Multimodal approaches have been shown to
improve analgesia and to decrease opioid use, thereby minimizing
the side effects of their use such as nausea, pruritus, and seda-
tion14-20. Failure to control postoperative pain has also been asso-
ciated with prolonged hospital stays, increased health-care costs,
downregulation of the immune system, and chronic postoperative
pain21. The 2 main modalities of peripheral nerve block—that is,
single-shot femoral nerve block (SFNB) and continuous femoral
nerve block (CFNB) delivered via an indwelling catheter—differ
in terms of the duration of action. Both techniques are known to
improve analgesia and to decrease opioid consumption, postop-
erative nausea, and vomiting20,22-25. Peripheral nerve blocks are
further known to promote early knee range of motion and
improved functional outcomes after TKA16,26. Despite these
results, few studies have compared the effects of different
peripheral nerve block protocols, including their influence on
postoperative knee range of motion. The goal of the present
study was to compare postoperative range of motion and the
subsequent need for additional closed knee manipulation after
TKA in patients receiving SFNB or CFNB.

Materials and Methods

Institutional review board approval for this retrospective
study was obtained. The study population included con-

secutive patients <70 years of age who had undergone primary
elective unilateral TKA for degenerative joint disease. All pro-
cedures had been performed by 2 surgeons at a high-volume
orthopaedic specialty hospital over a 3-year period. Both attend-
ing surgeons had utilized a median parapatellar arthrotomy,
identical surgical steps, and joint implants from the same
company. All patients had engaged in the same postoperative
physical therapy protocol. All patients had been examined
clinically at 6 weeks and 1 year postoperatively for range of
motion. The 2 senior authors (C.T.T. and J.V.B.) defined patho-

logic stiffness that required manipulation under anesthesia
(MUA) as <90� of flexion at 6 weeks postoperatively. All
patients with <90� of flexion at the 6-week postoperative visit
underwent MUA. Patient charts were reviewed, and patient
demographics, preoperative diagnosis, history of knee surgery,
history of diabetes mellitus, tourniquet use and time, compli-
cations, preoperative and postoperative range of motion, and
follow-up range of motion were recorded.

A multimodal pain-management protocol was utilized
for all patients, including an oral medication regimen con-
sisting of oxycodone (10 mg), acetaminophen (975 mg), and
celecoxib (200 mg, unless contraindicated due to allergy). In-
traoperatively, patients underwent posterior capsular injection
prior to cementing. The posterior capsular injection solution
consisted of 0.25% bupivacaine, ketorolac (30 mg), and mor-
phine (5 mg, unless medically contraindicated secondary to
renal insufficiency or allergy). Postoperatively, patients received
either SFNB or CFNB. For the SFNB group, a nerve stimulator
was used to identify the correct injection location27. The choice
of SFNB or CFNB was based on the anesthesiologist preference
during each procedure.

The SFNB solution consisted of 30 mL of 0.375% bupiv-
acaine with 1:400,000 epinephrine and was administered with
ultrasound guidance. CFNB was performed by insertion of an
indwelling catheter under ultrasound guidance, followed by (1)
an initial bolus of 20 mL of 0.375% bupivacaine with 1:400,000
epinephrine and then (2) a continuous infusion of 0.0625%
bupivacaine with 1:400,000 epinephrine at rate of 3mL/hr28. The
catheters were removed 36 hours postoperatively. All patients
also received a multimodal postoperative pain regimen con-
sisting of oxycodone (5 to 15 mg) or hydromorphone (2 to
4 mg), acetaminophen (975mg), celecoxib (200mg), pregabalin
(50mg), and intravenous hydromorphone (1 to 2mg) as needed
for breakthrough pain unless otherwise contraindicated due to
allergy.

Summary statistics for categorical variables consisted of
frequencies and proportions. Continuous variables were reported
in terms of means and standard deviations. Univariate analysis
was performed with use of a chi-square test and analysis of var-
iance formultiple comparisons. The level of significance was set at
p < 0.05.

TABLE I Demographic Data

CFNB (N = 608) SFNB (N = 483) P Value

Preoperative range of motion* 107.3� 100.7� <0.05

BMI* (kg/m2) 33.8 33.1 0.275

History of knee surgery 42.5% 41.9% 0.913

History of diabetes mellitus 18.1% 14.7% 0.441

Tourniquet time* (min) 93.7 94.6 0.598

Intraoperative posterior capsular injection 69.7% 65.3% 0.355

*The values are given as the mean.
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Source of Funding
No external funds were received.

Results

Overall, 608 patients (55.7%) received CFNB and 483
patients (44.3%) received SFNB. The mean age was 62

years in the CFNB group (63% female) and 64 years in the
SFNB group (61% female). There were no significant differ-
ences seen between the groups with regard to body mass index
(BMI), history of knee surgery, history of diabetes mellitus,
intraoperative tourniquet time, or intraoperative posterior
capsular injection (Table I). The preoperative range of motion
was 107.3� in the CFNB group and 100.7� in the SFNB group
(p < 0.05).

A total of 94 patients (8.6% of the total sample) had
postoperative stiffness (<90� of flexion at 6 weeks after surgery)
requiring manipulation. This group comprised 58 patients
from the SFNB group (representing 12% of the patients in the
SFNB group and 61.7% of the patients who required MUA)
and 36 patients from the CFNB group (representing 5.9% of
the patients in the CFNB group and 38.3% of the patients
who required MUA). There was an approximately 50% re-
duction in the need for postoperative manipulation following
TKA when the CFNB group was compared with the SFNB
group (12% versus 6%, respectively). This finding was inde-
pendent of primary surgeon (p > 0.05). No significant dif-
ferences were seen between the SFNB and CFNB groups in
terms of overall postoperative range of motion at the time of
discharge (p = 0.366) or at 6 weeks postoperatively (p = 0.457)
(Table II).

Among the patients who underwent manipulation, there
was no significant difference between the SFNB and CFNB
groups in terms of overall postoperative range of motion at the
time of discharge (p = 0.394), 6-week follow-up (p = 0.356), or
1-year follow-up (p = 0.367) (Table III).

When patients who required MUA were compared with
those who did not, a history of knee surgery was significantly
associated with the need for postoperative manipulation (p =
0.0002) (Table IV). Preoperative range of motion and range of
motion at the time of discharge were also significantly associ-
ated with the need for postoperative manipulation (p < 0.0001).
Analysis of multiple patient variables, including BMI, history of
diabetes mellitus, tourniquet time, and intraoperative posterior
capsular injection, revealed no significant differences between
those who underwent manipulation and those who did not
(Table IV).

Discussion

The present study showed that patients in the CFNB group
required manipulation for the treatment of postoperative

stiffness half as often as those who received SFNB. Prior knee
surgery and decreased preoperative knee range of motion were
further observed to be independent risk factors for postoper-
ative stiffness and the secondary need for manipulation. In
contrast, a history of diabetes mellitus, tourniquet time, and
BMI were not predictive of postoperative stiffness or the need
for manipulation.

Prior studies have shown that femoral nerve block provides
superior analgesic benefit compared with patient-controlled
analgesia (PCA) or systemic analgesia18,22,24,26. Despite these
findings, few studies have directly compared the benefits of
single-injection versus continuous femoral nerve block, espe-
cially as related to postoperative range ofmotion and the need for
manipulation. Hirst et al. randomized 33 patients undergoing
TKA to receive no femoral nerve block, SFNB, or CFNB with use
of bupivacaine and found no significant differences in analgesic
effect between the SFNB and CFNB groups at any time point29. In
contrast, Salinas et al. demonstrated reduced pain scores and
reduced opioid consumption in patients whowere randomized to
receive CFNB compared with SFNB with use of ropivacaine,
although there were no differences between the 2 groups in terms
of the length of hospital stay or long-term functional outcomes
(knee flexion at 12 weeks, 117� in the CFNB versus 113� in the
SFNB group)30. The results reported by Salinas et al. were sup-
ported by those of 2 other studies comparing SFNB to CFNBwith
use of ropivacaine31,32. Both studies showed significantly lower use
of painmedications in the CFNB group, particularly in the first 48
hours postoperatively, but demonstrated no significant differences
in functional outcomes31,32. Those findings were consistent with
the results of a recent Cochrane review by Chan et al., who
concluded that continuous blockade provided improved pain
scores and reduced opioid consumption at 24 and 48 hours after
TKA when compared with single-injection blockade26. However,
Chan et al. were not able to make any conclusions regarding the
effect on functional outcome between the CFNB and SFNB
groups because of heterogeneity of the pooled data26. More
recently, a meta-analysis and systematic review byMa et al. was
unable to demonstrate significant differences in the efficacy of
SFNB versus CFNB with regard to pain control or hospital
length of stay33. Wyatt et al., in a prospective, double-blinded,
randomized, placebo-controlled trial, and Dixit et al., in a

TABLE II Range of Motion at Discharge and 6 Weeks
Postoperatively*

CFNB SFNB P Value

Discharge 79.6� 78.4� 0.366

6 weeks 105.4� 103.6� 0.457

*The values are given as the mean.

TABLE III Range of Motion for Patients Who Underwent
Postoperative Manipulation*

CFNB SFNB P Value

Discharge 70.2� 74.4� 0.394

6 weeks postop. (prior to manipulation) 73.8� 79.0� 0.356

1 year post-manipulation 107� 111� 0.367

*The values are given as the mean.
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double-blinded, randomized trial, found no significant differ-
ences between CFNB and SFNB with regard to pain scores,
opioid use, side effects, length of hospital stay, motor block, or
functional outcomes34,35. However, they did not examine the
rate of MUA between the 2 groups in their study populations.
Wyatt et al. did measure the postoperative range of motion but
did not observe any significant differences35. In contrast, our
study showed that the CFNB group had a 50% reduction in the
need for postoperative closed knee manipulation after TKA
compared with the SFNB group.

To our knowledge, the present study represents the largest
cohort analysis comparing these 2 methods, with >1,000 patients;
previous studies, with sample sizes ranging from 36 to 133
patients, may have been underpowered to demonstrate the
possible clinical and functional outcomes between these 2
peripheral nerve block modalities. Another possible explanation
for these disparate findings may be the type of anesthetic used;
while most studies in the literature have utilized ropivacaine as the
anesthetic, our study, along with the study by Hirst et al., utilized
bupivacaine29. The duration of action and toxicity profile differ
between the 2 anesthetics24. As our study used only 1 type of
anesthetic for the nerve blocks, it remains unclear how the use of
different anesthetics may influence how SFNB and CFNB affect
postoperative range of motion and the need for manipulation
after TKA.

Long-term functional outcomes and postoperativemobility
also have not been adequately investigated in the context of CFNB
versus SFNB32. If we assume that better or longer reductions in
postoperative pain allow for greater patient compliance with
protocols and improved performance during physical therapy,
then this may help to explain the decreased need for MUA in the
CFNB group compared with the SFNB group. Our study largely
supports this hypothesis, with the CFNB group showing a 50%
reduction in the need for postoperative manipulation. Addi-
tionally, at 1 year postoperatively, we found no significant dif-
ference between the SFNB and CFNB groups when comparing
range of motion in the patients who required manipulation,
suggesting that CFNB resulted in no adverse long-term effects

compared with SFNB in patients who required manipulation. In
the present study, we could not assess how the preoperative
difference in range of motion between the SFNB and CFNB
groups impacted the lack of difference in range of motion
observed at 1 year after surgery.

Recent literature also has suggested that prior knee sur-
gery has negative ultimate impacts on postoperative knee range
of motion36-43. In the study by Haslam et al., 40 patients who
underwent TKA after high tibial osteotomy (HTO) were com-
pared with a matched control cohort who underwent primary
TKA37. At an average of 12.6 years of follow-up, the HTO group
had significantly less flexion capacity compared with the control
group (91� versus 106�, respectively). In a recent study involving
the PearlDiver Patient Records database, Werner et al. identified
3,051 patients who underwent arthroscopy within 2 years before
undergoing ipsilateral TKA. The investigators found that arthros-
copy within a 6-month period prior to TKAwas associated with a
twofold increase in the 90-day risk of postoperative arthrofibrosis43.
Similarly, our study showed a significant association between
history of knee surgery and the need for postoperative manip-
ulation. The rate of prior knee surgery was 66% among patients
who required manipulation after TKA, compared with 38%
among those who did not. Concordant with our findings, in a
retrospective review of 1,729 TKAs that had been performed at a
single center, Newman et al. found that the rate of prior knee
surgery was 59.7% among patients who required manipulation,
compared with only 40.4% among those who did not44.

Preoperative range of motion is another known predictor
of postoperative range of motion1,35,45-46. Lizaur et al., in a study
of 74 patients, found that a postoperative range of motion of
>90� was achieved by 91.3% of patients who had had preop-
erative range of motion of >90� but only 71.4% of those who
had had a preoperative range of motion of <90�47. Gandhi et al.
also found that preoperative, intraoperative, 6-week, and 6-
month flexion were all predictive of knee stiffness at 1 year
postoperatively6. These findings are consistent with the results
of our study, with preoperative range of motion significantly
associated with the need for postoperative manipulation. These

TABLE IV Comparison of Patients Who Underwent Postoperative Manipulation and Those Who Did Not

Manipulation No Manipulation P Value

BMI* (kg/m2) 33.5 33.4 0.994

History of prior knee surgery 66% 38.4% 0.0002

History of diabetes mellitus 26.4% 16% 0.72

Tourniquet time* (min) 98.0 93.7 0.109

Intraoperative posterior capsular injection 70.4% 68.1% 0.736

Range of motion*

Preop. 91.9� 105.5� <0.0001

Discharge 73.4� 80.2� <0.0001

6 weeks postop. 76.9� 109.0� <0.0001

*The values are given as the mean.
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findings suggest that maximizing preoperative range of motion
should be an important part of patient management to help
prevent the need for postoperative manipulation. In another
investigation, Livbjerg et al. demonstrated that preoperative
patient education regarding postoperative rehabilitation and
expectations can likely decrease the risk of arthrofibrosis after
TKA48.

The strengths of our study include a large sample size and
the analysis of functional outcomes, which has not been widely
done in previous studies. Because our study evaluated proce-
dures performed by only 2 surgeons, surgeon bias or subtle
technique bias may have affected the results; however, we did not
find a significant difference in primary outcomes (postoperative
range of motion and the need for manipulation) between the
groups managed by the 2 attending surgeons. Furthermore, it is
important to note that comparing our results with those of prior
studies is difficult because of the lack of standardized postopera-
tivemultimodal analgesia, rehabilitation protocols, and functional
outcome measurements across institutions and studies.

The present study is limited in the scope of its conclusions
by its retrospective design. Additionally, the study could have been
improved by the addition of a patient pain-level assessment and
the need for opioids postoperatively. As the purpose of the present
study was to compare the 2 block techniques in terms of post-
operative range of motion and the need for manipulation, we
could not control for any variations among and between indi-
viduals’ pain regimens. The use of total range of motion also does
not differentiate between patients with extension versus flexion
limitations. In addition, preoperative range of motion was dif-
ferent between the 2 groups, andwe did not take into account how
this factor could have affected the final results. Future investigators
should focus on performing randomized controlled trials with
standard protocols to evaluate both subjective and objective
measures of long-term functional outcome and patient satis-

faction. Furthermore, it should be mentioned that adductor
canal blocks have become popular as they avoid the compli-
cations of motor weakness inherent to the femoral block. Future
investigators may consider assessing the differences observed
between continuous and single-shot adductor canal block.

Taken together, the results of the present comprehensive
study of 1,091 patients who underwent TKA by 2 surgeons
using identical surgical techniques, the same types of implants,
and the same postoperative rehabilitation protocols showed
significant differences between the SFNB and CFNB methods
for analgesia. Our study revealed a 50% reduction in the need
for postoperative manipulation following the use of CFNB
compared with SFNB. Our findings also suggest that a history
of knee surgery and decrease in preoperative range of motion
are independent risk factors for postoperative stiffness. n
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