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Objective To investigate whether fracture type, surgical procedure, or fracture grade affect knee pain during
postoperative rehabilitation after a hip fracture.

Methods We conducted a retrospective case-controlled study of 139 patients during postoperative rehabilitation
after surgery for hip fractures. Patients were divided into two groups: patients experiencing knee pain during the
first week of postoperative rehabilitation, and patients without knee pain. We compared the types of fracture,
surgical procedure, and fracture grade between the two groups.

Results We enrolled 52 patients (37.4%) with knee pain during the first weeks of postoperative rehabilitation.
For type of fracture, knee pain was more common with intertrochanteric fracture than with femur neck fracture
(48.8% vs. 21.1%, respectively; p=0.001). For the surgical procedure, there was no significant difference between
the groups. For the fracture grade, the grades classified as unstable fractures were more common in the group of
intertrochanteric fracture patients with knee pain than in those without knee pain (74.1% vs. 36.4%, respectively;
p=0.002).

Conclusion Intertrochanteric fracture affected knee pain after hip fracture surgery more than did femur neck
fracture, particularly in unstable fractures. Furthermore, there was no difference in each fracture type according to
the surgical procedure. Careful examination and management for knee pain is needed in patients with hip fracture
surgery.
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INTRODUCTION creased morbidity [1,2], loss of independence [1], ex-

cessive deaths [2], and serious economic burden in the
Hip fracture is a major health concern because of in-  elderly population [3]. The incidence of hip fractures is
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steadily rising. Although it is causing fewer deaths, there
are still too many in Korea. Therefore, the socio-econom-
ic burden of hip fractures in Korea is expected to increase
with increasing incidence [4].

Knee pain is an important factor in decreased walking
ability and is a risk factor for falling [5,6]. Although many
patients undergoing postoperative rehabilitation for a
hip fracture have been treated for knee pain, few studies
have investigated knee pain after hip fracture surgery.
There are several studies on knee pain after intramedul-
lary nailing surgery in a femur, but these studies included
only those patients with intramedullary nailing after
femur shaft fracture rather than hip fracture [7-13]. It is
known that knee effusion occurs frequently after hip frac-
ture [14-17], and previous reports suggest that knee joint
stress during injury at the time of fracture or operation
may be related to ipsilateral knee effusion [16,17]. Harato
and Yoshida [15] suggest that knee effusion is associated
with knee pain after hip fracture. Therefore, knee joint
stress during injury at the time of fracture or operation
may be associated with knee pain in patients undergoing
postoperative rehabilitation.

It is expected that the type of fracture or surgical pro-
cedure resulting in excessive stress to the knee will more
greatly affect knee pain. Harato and Yoshida [15] found
that intertrochanteric fracture, which is categorized as an
extracapsular fracture, is more associated with knee ef-
fusion than is intracapsular fracture. Based on this study,
intertrochanteric fracture may be related to a higher
incidence of knee pain after hip fracture than after intra-
capsular fracture. Pun et al. [16] suggested that there was
no significant difference in the incidence of postopera-
tive effusion according to the type of surgery. However,
it is unclear whether this study completely excluded the
effects of fracture types affecting knee effusion given the
dearth of sufficient data. Moreover, Harato and Yoshida
[15] found no significant difference in the incidence of
postoperative effusion according to the severity of the
fracture based on Evans or Garden classification. This
contrasts to the hypothesis that knee pain increases with
the severity of the fracture, which is believed to more
greatly affect the knee. Evans classification of intertro-
chanteric fractures offers the best way to predict reliable
anatomical reduction and to assess the risk of second-
ary fracture dislocation [18]; however, two studies have
suggested that Evans classification has a poor reproduc-

ibility [19,20]. The Arbeitsgemeinschaft fiir Osteosynthe-
sefragen/Orthopaedic Trauma Association (AO/OTA)
alphanumeric classification was developed because the
previous classifications could not stratify valuable results
regarding treatment options [21]. One study has suggest-
ed that its reliability and accuracy range from substantial
to excellent [22]. Thus, in this study, we classified the in-
tertrochanteric fractures according to AO/OTA alphanu-
meric classification and investigated its relationship with
knee pain.

Considering the distance between the fracture site
and the knee, as well as the protective effect of the cap-
sule of the hip joint, knee pain may be more common in
extracapsular fractures than in intracapsular fractures.
Although there has been no study on the type of surgical
procedure that produces more stress on the knee, can-
nulated screw fixation without intramedullary nailing
process to the femur shaft, which would have affected the
knee, is less likely to result in knee pain than are other
surgical methods, such as proximal femoral nail antirota-
tion (PFNA), hemiarthroplasty, and total hip replacement
arthroplasty (THRA), for hip fracture. Moreover, it is as-
sumed that the stress applied to the knee and the level of
knee pain is related to the severity of the hip fracture.

To date, no research has addressed the effects of frac-
ture types, surgical procedure, or fracture grade on knee
pain itself, aside from knee effusion. Moreover, related
studies have several limitations, as described above. We
therefore aimed to investigate the effect of fracture type,
surgical procedure, and fracture grade on knee pain in
patients undergoing postoperative rehabilitation. We
hypothesized that knee pain is more common in inter-
trochanteric fractures than in femur neck fractures, less
common in cannulated screw fixation than in other sur-
gical procedures for hip fracture, and more common in
grades that more profoundly affect the knee.

MATERIALS AND METHODS

Study subjects

This retrospective case-controlled study was approved
by the Dankook University Hospital Institutional Review
Board (IRB No. 2017-07-011).

Patients who underwent hip fracture repair and who
were referred to the rehabilitation department (RD) of
Dankook University Hospital from January 1, 2011, to
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February 28, 2017, were screened. The inclusion criteria
were (1) patients with intertrochanteric and femur neck
fractures confirmed by a radiographic study and (2) pa-
tients who had surgery for the fracture.

The exclusion criteria were patients (1) with any knee
pain during resting, or gait on the visual analog scale
(VAS) of 10 mm or more in 3 months before hip fracture,
(2) who had any operation history of the knee on the side
of hip fracture, (3) who had severe postoperative com-
plications, including pneumonia or delirium, that make
evaluation of the knee impossible, (4) who had femoral
and obturator neuropathy, and (5) who had another frac-
ture of the leg on the side of the hip fracture.

A total of 139 patients (57 men and 82 women) with hip
fracture were included. All patients were treated by the
same orthopedic surgeon skilled in hip fracture surgery.
The knee pain group included those patients with any
subjective knee pain during resting, passive range of mo-
tion, weight bearing, or gait training on the VAS of 10 mm
or more on the side of surgery during a week after the day
of transfer to RD.

Data collection

Patient data were obtained from admission notes,
progress notes, discharge summaries, operation records,
doctor’s order sheets, and radiologic records. Physical
examination, including knee pain, is routinely performed
on the day of transfer to the RD by physicians and re-
corded in the admission note. Thereafter, reevaluation
was performed once a week and recorded in the progress
note. Even if an evaluation was not conducted, patient
complaints of symptoms were recorded in the progress
notes.

Data analysis

Patients were divided into two groups, one of patients
with knee pain, the other without knee pain. The base-
line characteristics, including ambulatory status and
pain medication at the time of transfer to RD, were com-
pared between the two groups. Ambulatory status was
divided into three categories: bed ridden, wheel chair,
and walker. Analgesics used included non-steroidal anti-
inflammatory drugs (NSAIDs), acetaminophen, trama-
dol, and muscle relaxant. Pain medication was divided
into four categories: analgesics without muscle relaxant,
muscle relaxant, muscle relaxant combined with other
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analgesics, and no medication. No opioids were used
(except for tramadol) in this study. Muscle relaxants
included orphenadrine and afloqualone. The types of
fracture, surgical procedures, and grades of fracture were
also compared between the groups. In an intertrochan-
teric fracture, the AO/OTA system was used to classify the
grades of fractures. Types Al.1l to A2.1 were classified as
a stable fracture, and types A2.2 to A3.3 were classified as
unstable fractures [23]. In femur neck fractures, Garden
classification was used to classify the grade of fractures.
In this classification, stage 1 is an incomplete fracture
(affected valgus fracture), stage 2 is a complete fracture
without displacement, stage 3 is a complete fracture with
partial displacement, and stage 4 is a complete fracture
with full displacement [24].

Statistical analysis

Baseline characteristics of the two groups (with or with-
out knee pain) were compared by the independent t-
test for continuous variables, and by the chi-square test
or Fisher exact test for categorical variables. Outcome
measures were compared using the chi-square test or
Fisher exact test. Further, using the type of fracture as
an independent variable and the knee pain as a depen-
dent variable, a multivariate logistic regression analysis
was performed to calculate odds ratio. Adjustments
were made for age, sex, operation time, anesthesia time,
and body mass index. The values are presented as the
meantstandard deviation or number of patients (%). Sta-
tistical significance was set at p<0.05. All statistical analy-
ses were performed using SPSS Statistics version 20.0 for
Windows (IBM, New York, NY, USA).

RESULTS

Patients

We assessed 209 patients for eligibility. There were 39
who did not meet the inclusion criteria. We excluded
those who had any knee pain on the VAS of 10 mm or
more in the 3 months before hip fracture surgery (21 pa-
tients), a history of knee operation on the side of the hip
fracture (2 patients); severe postoperative complications
including pneumonia or delirium (5 patients); femoral
and obturator neuropathy (1 patient); and combined
fractures of the leg on the side of hip (2 patients). Thus a
total of 139 patients were included in the final analysis.
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The incidence of knee pain was 37.4% (52 of 139 pa-
tients). Of all 139 patients, 49 had PFNA, 33 had hemi-
arthroplasty for intertrochanteric fracture, 39 had hemi-
arthroplasty, 11 had THRA, and 7 had cannulated screw
fixation for femur neck fracture.

Baseline characteristics

The demographics of the patients in both groups are
shown in Table 1. Age was similar between the groups
with and without knee pain (72.1+£10.2 vs. 73.0£13.0
years, respectively; p=0.121 independent t-test). Sex,
body mass index (BMI), laterality, operation time, anes-
thesia time, postoperative days (POD), ambulatory sta-
tus, and pain medication at the time of transfer to the RD
were also not statistically different between the groups.
But hospital stay in RD was significantly longer for the
group with knee pain than for the other group (21.249.7
vs. 16.1+9.7 days, respectively; p=0.003 independent t-

Table 1. Baseline characteristics of study subjects

test).

Types of fracture

Incidence of knee pain was higher in the group with
intertrochanteric fractures than in the group with femur
neck fractures (48.8% vs. 21.1%, respectively; p=0.001)
(Table 2). Multivariate logistic regression analysis was
conducted with age, sex, operation time, anesthesia time,
and BMI. Knee pain after hip fracture surgery was 1.342
times more likely to occur with intertrochanteric frac-
tures than with femur neck fractures (Table 3).

Surgical procedures

For the surgical procedures, there was no significant
difference in the incidence of knee pain between the
group of patients with PFNA and hemiarthroplasty for
intertrochanteric fractures (57.1% vs. 36.4%, respectively;
p=0.065), and was similar for the groups of patients with

Knee pain (-)

Knee pain (+)

(n=87) (n=52) p-value
Age (yr) 76.1£10.2 73.0£13.0 0.121%
Sex 0.236"
Male 39 18
Female 48 34
BMI, >25 kg/m* 17 (19.8) 10 (19.2) 0.911”
Laterality 0.939”
Left 46 28
Right 41 24
POD at transfer to RD 10.7£4.9 10.5+£6.3 0.866"
Operation time (min) 85.2+31.7 89.2+27.0 0.453"
Anesthesia time (min) 152.1+35.6 159.2+29.9 0.227%
Ambulatory status at transfer 0.286°
Bed ridden 71 (81.6) 47 (90.4)
Wheelchair 13 (14.9) 5(9.6)
Walker 3(3.4) 0(0.0)
Pain medication 0.271°
Analgesics without muscle relaxant 16 (18.4) 14 (26.9)
Muscle relaxant 4(4.6) 0(0.0)
Analgesics with muscle relaxant 44 (50.6) 28 (53.8)
No medication 23 (26.4) 10 (19.2)
Total length of stay in RD (day) 16.1+9.7 21.249.7 0.003"
Values are presented as the mean+standard deviation or number of patients (%).
BM]I, body mass index; POD, postoperative days; RD, rehabilitation department.
a)Independent t-test, b)chi-square test, “Fisher exact test.
Www.e-arm.org 685
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hemiarthroplasty, THRA, and cannulated screw for femur
neck fracture (20.5% vs. 27.3% vs. 14.3%, respectively;
p=0.885) (Table 4).

Fracture grade

In the group of patients with intertrochanteric fractures,
knee pain was more common in grades classified as un-
stable fractures than in stable fractures (74.1% vs. 36.4%,
respectively; p=0.001) (Table 5). The AO/OTA classifica-
tion was used to classify the grade. Types Al.1 to A2.1
were classified as stable fractures, and Types A2.2 to A3.3
were classified as unstable fractures [23]. Fig. 1 shows
that, as the grade increases, the proportion of patients
with knee pain increases. However, in the group of pa-
tients with femur neck fractures, there was no significant
difference in the incidence of knee pain according to the
fracture grades classified by Garden classification.

DISCUSSION

This study investigated whether fracture type, surgical
procedure, or fracture grade affected knee pain during
postoperative rehabilitation after hip fracture. Our results
demonstrated that the incidence of knee pain in patients
undergoing rehabilitation after hip fracture surgery is as
high as 37.4% (52 of 139 patients). Since every patient had
pain medication to control postoperative pain before be-
ing transferred to the RD, the incidence of knee pain may

Table 2. Comparison of type of fracture in patients with
and without knee pain

Knee pain Knee pain p-

() (+) value”
Intertrochanteric fracture 42 (51.2) 40(48.8) 0.001
Femur neck fracture 45(78.9) 12(21.1)

Values are presented as number of patients (%).
“Chi-square test.

be higher than this result. Knee pain was more common
in the group with intertrochanteric fractures than for
those with femur neck fractures. However, for the surgical
procedures, there was no significant difference between
the groups. In the group with intertrochanteric fractures,
knee pain was more common for unstable fracture than
for stable fracture.

This study suggests that knee pain was more common in
the group with intertrochanteric fractures than for those
with femur neck fractures. Hip fractures are classified as
either intracapsular or extracapsular. Intertrochanteric
fractures are categorized as extracapsular, whereas femur
neck fractures are categorized as intracapsular fractures
[25]. These results are consistent with our hypothesis and
suggest that, when hip fracture occurs, the joint capsule
and synovial fluid appear to have a shock-absorbing ef-
fect in reducing abnormal stress transmitted to the knee.

Pun et al. [16] hypothesized that, during surgery, the
twist and traction force applied to the limb and the im-
pact and vibration transmitted to the knee during the
reaming procedure would be an important factor in knee

Table 4. Comparison of type of surgery in patients with
and without knee pain

Knee pain Knee pain p-

() (+)  value”

Intertrochanteric fracture 0.065"
PFNA 21(42.9) 28(57.1)
Hemiarthroplasty 21(63.6) 12(36.4)

Femur neck fracture 0.885"
Hemiarthroplasty 31(79.5) 8(20.5)
THRA 8(72.7)  3(27.3)
Cannulated screw 6(85.7) 1(14.3)

Values are presented as number of patients (%).

PENA, proximal femoral nail antirotation; THRA, total
hip replacement arthroplasty.

a)Chi-square test, YFishers exact test.

Table 3. OR and CI of knee pain according to types of fracture

Crude Adjusted®
OR (95% CI) p-value OR (95% CI) p-value
Femur neck fracture 1.00 - 1.00 -
Intertrochanteric fracture 1.27 (1.65-7.71) 0.001 1.34 (1.75-8.37) 0.001

OR, odd ratio; CI, confidence interval.

“OR and 95% CI were estimated by logistic regression analysis adjusted for age, sex, operation time, anesthesia time,

and body mass index.
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Table 5. Comparison of stability of intertrochanteric frac-
ture in patients with and without knee pain

Knee pain Knee pain .
(_i) (+l)) p-value®
Stable fracture 35 (63.6) 20 (36.4) 0.001
Unstable fracture 7(25.9) 20 (74.1)

Values are presented as number of patients (%).
“Chi-square test.

effusion, but there was no statistically significant differ-
ence in the incidence of postoperative effusion in the
knee in terms of the surgical procedure. These results are
consistent with our study, which showed no difference
in the incidence of knee pain correlated with the surgical
procedures. Cannulated screw fixation without intramed-
ullary nailing process to the femur shaft is less likely to
result in knee pain than are other types of surgery. How-
ever, based on the studies of Pun et al. [16] and ours, the
incidence of knee pain is not meaningfully related to the
surgical procedure.

In the group of patients with intertrochanteric frac-
tures, a type of extracapsular fracture, unstable fractures
were more common in the group with knee pain than in
the group without knee pain. Furthermore, as the grade
increased, the proportion of patients with knee pain in-
creased (Fig. 1). This differs from the results of Harato
and Toshida [15], who did not find any difference in the
incidence of postoperative effusion related to grade of
fracture [6]. We used the AO/OTA system to classify the
intertrochanteric fractures, whereas Harato and Toshida
[15] used Evan classification of intertrochanteric frac-
tures, which offers the best way to predict the possibility
of obtaining reliable anatomical reduction and to assess
the risk of secondary fracture dislocation [18]. However,
the two studies suggest that Evan classification has poor
reproducibility [19,20]. One study found that the AO/OTA
system is reliable and has an accuracy that ranges from
substantial to excellent [22]. In the AO/OTA system, the
number of fracture fragments and incidence of more dis-
tal fractures increase in proportion with the grade; hence
a higher the grade indicates a more profound impact on
the knee, or a fracture that is closer to the knee. Our re-
sults are acceptable, because the AO/OTA classification is
more reliable than the taxonomy used in previous stud-
ies, and it matches our reasonable hypothesis that more
shock will be transmitted to the knee by a more severe

[ Knee pain (-)
[ Knee pain (+)

Proportion of patients (%)
(&)
o
1

A1.1 A12 A1.3 A21 A22 A23 A31
Grade of intertrochanteric fracture

A3.2 A3.3

Fig. 1. Proportion of patients with and without knee pain
according to grade of intertrochanteric fracture. AO/OTA
alphanumeric classification was used to classify intertro-
chanteric fractures. The proportion of patients with knee
pain increases in proportion to the grade. AO/OTA, Ar-
beitsgemeinschaft fiir Osteosynthesefragen/Orthopaedic
Trauma Association.

fracture, which ultimately results in greater knee pain. In
the group of patients with femur neck fractures, a type of
intracapsular fracture, there was no significant difference
in the incidence of knee pain associated with the grade
of fracture. Unlike intertrochanteric fractures, which are
extracapsular fracture, there was no correlation of grade
with knee pain in the femur neck fracture, which is an
intracapsular fracture. These results also suggest that the
joint capsule and synovial fluid in the hip joint have a
buffering effect that mitigates the amount of shock deliv-
ered to the knee in the intracapsular fracture.

Four studies have provided information about the lo-
calization and etiology of the knee pain in antegrade
femoral nailing for femur shaft fracture. These studies
suggest that the presence of a locking screw and implant
in the medullary canal is one cause of knee pain after
surgery [8-10,12]. However, this does not explain the
cause of knee pain in this study. Unlike cases of femur-
shaft fracture, patients in this study had a locking screw
and/or implant at a considerable distance from the knee.
There is one case report that assessed other possibilities
for the cause of knee pain after hip fractures. One such
case presenting as isolated knee pain has been reported.
Guss speculated that the anatomy of hip joint innerva-
tion accounts for this clinical presentation. The hip joint
is innervated by nerves derived from branches of the
obturator and femoral nerves. Branches of these same
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nerves also innervate structures around the distal thigh
and knee. Innervation of the hip joint may be another
etiology of knee pain after hip fractures [26]. However,
if this innervation is a main cause, more knee pain may
have been observed in intracapsular fractures, which are
thought to more greatly affect the hip joint considering
the anatomy of the hip.

Some limitations of this study need to be discussed.
First, it did not include patients with subtrochanteric
and femoral head fractures, because there were few such
patients. During the study period, there were only six
patients with subtrochanteric fractures, and none with
femoral head fractures. In patients with subtrochanteric
fracture, 5 out of 6 knee pain. Such a high incidence of
knee pain is also consistent with our finding that knee
pain is more common in extracapsular fractures than in
intracapsular fractures. Second, adequate evaluation of
knee pain was not performed before surgery. When hip
fracture occurs, it is difficult for the patient to accurately
recognize knee pain because it is masked by the severe
pain at the fracture site and by medication for the pain.
Third, all patients were not evaluated by knee plain ra-
diographs. Previous studies have suggested that radio-
graphic knee osteoarthritis (Kellgren-Lawrence grade
of >2) is associated with knee effusion [15]. This may be
another risk factor for knee pain after hip fracture, but it
is costly to perform routine knee plain radiography in all
patients with hip fracture in order to evaluate a risk fac-
tor for knee pain. Last, there was no long-term follow-up
for knee pain, and the effect of knee pain on the patient’s
functional outcomes was not studied. In the study of
knee effusion after hip fracture surgery, knee effusion
improved after 6 weeks [17] and there was no significant
difference in the level of walking ability between patients
with and without knee effusion at 6 weeks [16]. However,
our result suggests that patients with knee pain have a
longer hospital stay in RD than do patients without knee
pain. Moreover, secondary hip fractures are a serious
problem in patients with hip fracture surgery [27-29], and
knee pain has been reported to be an important risk fac-
tor for multiple falls by women [30]. Therefore, knee pain
after hip fracture surgery may be an important problem.
Further research is needed to discover the etiology and
effective management of knee pain after hip fracture sur-
gery along with its effect on the patient’s functional out-
comes.
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In conclusion, intertrochanteric fracture had a greater
effect on knee pain after hip fracture surgery than did
femur neck fracture, particularly in unstable fractures.
Moreover, there was no difference in each type of fracture
according to the surgical procedures. The incidence of
knee pain in patients undergoing rehabilitation after hip
fracture surgery is not so low that it can be overlooked.
Careful examination and management for knee pain are
needed for patients who have undergone hip fracture
surgery.
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