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Effect of knee osteoarthritis on the
postoperative outcome of proximal femoral
nail anti-rotation in the treatment

of intertrochanteric fractures in the elderly:
a retrospective analysis
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Abstract

Background The proximal femoral nail anti-rotation (PFNA) is a commonly used internal fixation system for
intertrochanteric fractures (IFs) in older adults. Knee osteoarthritis (KOA) is a degenerative lower extremity disease
that occurs most frequently in the elderly. Some patients have already had KOA before the IFs. However, whether KOA
impacts the postoperative outcome of IFs has not been reported.

Objective This study aimed to investigate the effect of KOA on the fracture side on the outcome after PFNA for IFs in
the elderly.

Methods Between January 2016 and November 2021, 297 elderly patients treated with PFNA for IFs were enrolled
in this study. They were divided into two groups according to the American Rheumatism Association KOA clinical
and radiographic criteria: the control group and the KOA group. Intraoperative bleeding, operative time, length of
hospital stay, postoperative time out of bed, fracture healing time, postoperative complications, postoperative Harris
hip function score, and Barthel ability to daily living Score were compared between the two groups. Follow-up was
routinely scheduled at 1, 3, 6, and 12 months postoperatively.

Results Based on the exclusion criteria, 254 patients who met the requirements were left to be included in this
study, including the control group (n=133) and the KOA group (n=121). Patients were followed up for a mean of 17.5
months (12-24 months). There was no significant difference between the two groups in preoperative demographic
data, intraoperative blood loss, operation time, and length of stay in the hospital. The control group was statistically
significant compared to the KOA group in terms of postoperative time out of bed (17.8+4.0 days vs. 19.1 +5.8 days),
fracture healing time (13.7 £2.2 weeks vs. 14.6 + 3.7 weeks), and postoperative complications (12.8 vs. 23.1%). The
Harris hip function score and Barthel ability to daily living score were higher in the control group than in the KOA
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group at 1, 3,6, and 12 months postoperatively (the control group: 63.8+10.9,71.8+10.3,81.5+8.7,and 91.6+6.3 vs.
The KOA group 61.0+£ 104, 68.6+9.1,79.0£9.2, and 88.5+5.9).

Conclusions In elderly patients with IFs combined with KOA of the fracture side treated with PFNA internal fixation,
KOA increases the incidence of postoperative complications of the fracture, prolongs postoperative time out of bed
and fracture healing, and reduces postoperative hip function and ability to daily living. Therefore, treating KOA on the
fractured side needs to be considered when treating IFs in the elderly.

Keywords Knee osteoarthritis, Intertrochanteric fractures, Proximal femoral nail anti-rotation, Postoperative efficacy,

The elderly

Background

Intertrochanteric fractures(IFs) are among the most
common fractures of the lower limb in the elderly [1-3].
It is estimated that more than 6.3 million people will
suffer IFs by the middle of the 21st century [4]. IFs in
elderly patients are characterized by lower limb pain and
dysfunction, and bed rest and braking can lead to com-
plications such as lung infections, lower limb venous
thrombosis, and bedsores, seriously affecting the quality
of life [5, 6]. For elderly patients who can tolerate surgi-
cal treatment, surgical treatment should be actively per-
formed to reduce the time spent in bed so that the patient
can regain the pre-injury hip function and improve the
ability to do daily living as soon as possible [7, 8]. Proxi-
mal femoral nail anti-rotation (PFNA) is the most com-
monly used internal fixation method for the surgical
treatment of IFs in the elderly and is suitable for all IFs
[9]. PENA is characterized by minimally invasive repo-
sitioning, firm fracture fixation, minimal trauma, and
few complications, which create favorable conditions for
post-operative rehabilitation of IFs in the elderly [10].

At the same time, it is essential to note that the inci-
dence of knee osteoarthritis(KOA), a degenerative
disease of the lower limbs that severely affects the qual-
ity of life of patients, is rising with the increasing aging
problem [11, 12]. According to epidemiological surveys,
the prevalence of KOA in the elderly population over
60 years of age is 23% and is gradually increasing [13].
Some researchers consider KOA an independent factor
in developing IFs in the elderly [14]. However, as surgery
is currently the mainstream treatment modality for IFs,
it is crucial to pay more attention to whether the symp-
toms of knee pain, swelling, and limitation of movement
due to KOA in elderly patients with IFs combined with
KOA on the fracture side have an impact on the postop-
erative recovery of elderly patients treated with PENA for
IFs.We hypothesized that elderly patients with intertro-
chanteric femur fractures combined with fracture-side
KOA treated with PFNA internal fixation would have an
increased incidence of postoperative complications, pro-
longed fracture healing time, and reduced postoperative
hip function and daily living capacity.

To test this hypothesis, We collect clinical and imag-
ing findings from elderly patients with IFs combined with
KOA on the fracture side and retrospectively analyze the
impact of KOA on the postoperative outcome of elderly
patients with IFs treated with PFNA.

Materials and methods

Study design, the inclusion and exclusion criteria,
participants, sampling

This retrospective study involving human participants
were reviewed and approved by the Ethics Committee of
Kaifeng Central Hospital (2023ks-lw015) and performed
in line with the Declaration of Helsinki international
ethical guidelines for studies involving human subjects.
The participants provided their written informed consent
to participate in this study. Between January 2016 and
November 2021, 297 consecutive patients with IFs were
treated with PFNA internal fixation. Based on exclusion
criteria, 254 patients were included in our study The
included subjects were divided into two groups according
to the American Rheumatism Association KOA clinical
and radiographic criteria [15]: the control group (n=133)
and the KOA group (n=121). The inclusion criteria were
as follows: (1) age greater than or equal to 60 years; (2)
unilateral closed IFs; (3) preoperative positive and lat-
eral X-rays of the knee on the fracture side; (4) accepted
PENA internal fixation treatment; (5) no significant skin
infection at the surgical site; and (6) complete medical
history. The exclusion criteria were as follows: (1) mul-
tiple fractures, open fractures, and pathological fractures;
(2) combined fractures or injuries at other sites; (3) the
previous history of hip fracture; (4) inability to tolerate
surgical treatment; (5) other forms of internal fixation; (6)
patients with a history of knee trauma, inflammation, and
infection and a history of intra-articular intervention and
operation; (7) patients with paralysis on the fracture side
due to brain disease before the occurrence of the fracture;
and (8) death or interruption during follow-up. Demo-
graphic characteristics and clinical and radiographic out-
comes were recorded. G*Power version 3.1.9.7 was used
to calculate the sample size [16]. First, we calculated the
effect size of the difference between two independent
groups when the sample size was 133:121. Type 1 error
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probability was set to 0.05 and power to 0.9. In addition,
we estimated the sample size for a two-tailed correlation
with 0.4 effect size and 0.90 power. A flowchart of the
subject inclusion process is shown in Fig. 1.

Surgical procedure

All patients underwent internal fixation with PENA per-
formed by experienced orthopedic surgeons specializing
in hip surgery with more than 10 years of experience.
Cefuroxime 1.5 g was administered intravenously 30 min
before surgery to prevent infection. After successful
anesthesia (general or spinal), the patients were placed on
an orthopedic traction surgical bed. The limb was placed
in a neutral position. All patients were closed traction
reduction by under C-arm fluoroscopy. The point of entry
was slightly medial to the tip of the greater trochanter. A
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small longitudinal incision is made on the lateral aspect
of the greater trochanter and assisted reduction by large-
point reduction forceps or Kirschner. The main nail was
rotated into the marrow cavity to stabilize the fracture,
followed by using a locator to drive the spiral blade proxi-
mally and screw in the locking nail distally.

All patients were X-rayed on the first day after surgery
to check fracture repositioning and stability. Radiographs
were routinely performed at 1, 3, 6, and 12 months post-
operatively to evaluate fracture healing (Fig. 2).

Assessment methods

The Kellgren-Lawrence (K-L) [17] classification sys-
tem was applied preoperatively to assess the severity of
KOA in both groups. The K-L classification system was
based on the following five grades of knee X-ray: Grade

297 elderly patients with IFs treated with PFNA

According to the American Rheumatism Association KOA clinical and
imaging criteria were classified into two groups

Control group(n=154)

KOA group(n=143)

According to exclusion
criteria

Control group(n=133)

Follow-up

KOA group(n=121)

Fig. 1 Flow diagram demonstrating methods of studies to investigate the effect of knee osteoarthritis (KOA) on the postoperative efficacy of proximal
femoral nail anti-rotation (PFNA) in the treatment of intertrochanteric fractures (IFs) in the elderly
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Fig. 2 Dynamic observation of X-ray images of fractures. (A) Preoperative X-ray; (B) postoperative day 1 X-ray;(C) 1-month postoperative X-ray;(D)
3-month postoperative X-ray;(E) 6-month postoperative X-ray;(F) 12-month postoperative X-ray

0, normal knee; Grade I, suspicious or slight osteophytes
without joint space narrowing; Grade II, moderate osteo-
phytes, which may be accompanied by joint space nar-
rowing; Grade III, significant osteophytes with moderate
joint space narrowing; Grade IV, large osteophytes with
significant joint space narrowing and the presence of
subchondral osteophytes.

The postoperative hip function was assessed using the
Harris hip function score [18], which includes pain, func-
tion, joint mobility, and limb deformity, with a score of 90
or above being considered excellent, 80—-89 good, 70-79
moderate, and less than 70 poor. The Harris score pro-
vides a more comprehensive assessment of a patient’s
functional recovery after hip fracture surgery and is
now widely used in clinical follow-up after hip fracture
surgery.

The Barthel Index score was used to assess the ability to
daily living. The Barthel Index score [19] includes control
of urine and stool, dressing, bathing, walking, and so on,
with >60 being good, 60—41 being moderate, and <40

being poor [20, 21]. It assesses the ability to live indepen-
dently after hip fracture surgery and in KOA patients.
Follow-up was routinely scheduled at 1, 3, 6, and 12
months postoperatively. All variables were collected at
least 12 months postoperatively.

Outcome measures

Recorded outcomes included intraoperative bleeding,
operative time, length of stay in hospital, postoperative
complications, postoperative time out of bed, fracture
union time, and Harris score Barthel Index score at 1, 3,
6, and 12 months postoperatively.

Statistical methods

SPSS software (version 25.0, IBM Crop., USA) was per-
formed for statistical analysis. Descriptive statistics were
used to represent clinical case characteristics, includ-
ing means (SD) for continuous variables and frequen-
cies (percentages) for categorical variables. Independent
samples t-tests were used to compare differences in
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Table 1 Patient demographics and outcomes in both group
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Table 2 K-L grade in both group

Variable Control KOA P
group(n=133) group(n=121) value

Gender, M/F 50/83 46/75 0.945

Age(years) 0.504

60-69 39 33

70-79 59 49

80-89 28 34

=90 7 5

Side, L/R 61/72 62/59 0.392

obesity 73/60 72/49 0458

AO type of fracture 0376

31 A1 35 24

31 A2 72 67

31 A3 26 30

Comorbidities 0.114

Cardiovascular 20 22

Pulmonary 13 9

Digestive 8 9

Endocrinologic 12 18

Urologic 2 4

Time from injury to 0973

operation

<1day 25 22

1-2 days 61 59

2-3days 32 27

>3 days 15 13

ASA 0331

I 31 26

I 68 52

Il 28 33

% 6 10

Follow up(months) 180+34 175+33 0.205

Abbreviation: KOA knee
Anesthesiologists

osteoarthritis;, ASA  American Society of

continuous variables between the two groups of patients.
The chi-square test was used to compare differences
between categorical variables. All comparisons were con-
sidered statistically significant at P<0.05.

Results

Demographic characteristics and outcomes

The results of comparing the preoperative demographic
characteristics of the two groups in Table 1 were not sta-
tistically significant (P>0.05). A total of 96 men and 158
women participated in this study. Patients were followed
up for a mean of 17.5 months (12—-24 months). Patients
were divided into 5 categories: 60—-69, 70-79, 80—89, and
290, with a mean age of 75.2 years (60-96 years). The
preoperative co-morbidities in both groups were 117
patients. The most common co-morbidities were car-
diovascular diseases (16.5%), such as hypertension, and
endocrine diseases (11.8%), such as diabetes mellitus.
The rest of the patient information is shown in Table 1.

K-L grade Control group(n=133) KOA group(n=121)
0 57 0
| 58 0
Il 18 I
Il 0 65
[\ 0 45

Abbreviation: KOA knee osteoarthritis; K-L Kellgren-Lawrence

Table 3 Postoperative clinical outcomes in both group

Variable Control KOA P
group(n=133) group(n=121) value

Intraoperative bleeding 190.1+50.2 196.9+59.7 0.331

(ml)

Operation time (min) 63.8+14.0 62.7+195 0.601

Length of stay in hospital 14.0+3.2 14.6+34 0.166

(day)

Postoperative time out of 17.8+4.0 19.1+58 0.033

bed (day)

Fracture union time (week) 13.7+22 146+3.7 0.014

Abbreviation: KOA knee osteoarthritis

Table 2 shows both groups’ K-L grading of the KOA on
the fracture side.

Clinical results
There was no statistically significant comparison of intra-
operative bleeding, operative time, and length of stay in
the hospital between the two groups (P>0.05, Table 3).
In the control group, the intraoperative bleeding was
(190.1£50.2) ml, the operative time was (63.8+14.0) min,
and the hospital stay was (14.0+3.2) days; in the KOA
group, the intraoperative bleeding was (196.9+59.7) ml,
the operative time was (62.7+19.5) min, and the length
of stay in the hospital was (14.6+3.4) days. Postopera-
tive time out of bed and fracture healing were shorter in
the control group than in the KOA group (17.8+4.0 days
vs. 19.1+5.8 days, P=0.033; 13.7+2.2 weeks vs. 14.6+3.7
weeks, P=0.014). Regarding postoperative complica-
tions, patients in the KOA group had a higher rate of
postoperative complications than the control group (12.8
vs. 23.1%, P=0.031, Table 4). Among the postoperative
complications in the control group, there were 3 cases of
pneumonia, 2 cases of venous thrombosis of the lower
limbs, 1 case of decubitus ulcer, 3 cases of urinary tract
infection, 5 cases of myocardial infarction, 2 cases of sec-
ondary fracture, and 1 case of implant loosening; among
the postoperative complications in the KOA group, there
were 6 cases of pneumonia, 5 cases of venous thrombosis
of the lower limbs, 2 cases of the decubitus ulcer, 3 cases
of urinary tract infection, 4 cases of myocardial infarc-
tion, 2 cases of secondary fracture, 4 cases of implant
loosening, and 2 cases of hip inversion.

The Harris hip function score was used to assess
postoperative hip function. A statistically significant
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Table 4 Postoperative complications in both group

Variable Control KOA P
group(n=133) group(n=121) value

Complication 17(12.8%) 28(23.1%) 0.031

Pneumonia 3 6

Venous thrombosis of the 2 5

lower limb

Pulmonary embolism 0 0

Decubitus ulcer 1 2

Urinary tract infection 3 3

Myocardial infarction 5 4

Secondary fracture 2 2

Loosening of implant 1 4

Internal hip rotation 0 2

Abbreviation: KOA knee osteoarthritis

comparison of Harris scores at 1, 3, 6, and 12 months
postoperatively was made between the two groups
(P<0.05, Fig. 3). In the control group, Harris scores were
52.7£10.5, 63.1£7.9, 75.9+11.4, and 86.9+£7.3 at 1, 3,
6, and 12 months postoperatively, respectively; in the
KOA group, Harris scores were 49.3+11.8, 59.5+11.2,
72.7£9.0 and 84.1£8.3 at 1, 3, 6 and 12 months postop-
eratively, respectively. The Barthel Index score assesses
the patient’s ability to perform postoperative activities of
daily living. Barthel Index scores at 1, 3, 6, and 12 months
postoperatively were statistically significant in both
groups (P<0.05, Fig. 3). In the control group, the Barthel
Index scores at 1, 3, 6, and 12 months after surgery were
63.8+10.9, 71.8+£10.3, 81.5+8.7, and 91.6+6.3 after sur-
gery, respectively; in the KOA group, the Barthel Index
scores at 1, 3, 6 and 12 months were 61.0+10.4, 68.6+9.1,
79.019.2, and 88.5+5.9 after surgery, respectively.

Discussion

IFs, the most common type of hip fracture in clini-
cal practice, can be caused by low-energy injuries and
account for approximately 35.7% of hip fractures in
the elderly [22]. For IFs in the elderly, the suggestion of

A Harris

100
Hm Control group

80 = KOA group

60—
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orthopedic surgeons is to operate early [23]. Early reha-
bilitation exercises can be performed after surgery to
avoid complications of prolonged bed rest, to improve
the ability to perform daily activities, and to return to the
patient’s pre-injury level of activity as soon as possible
[24, 25].

In the study on the choice of internal fixation for sur-
gical treatment of IFs in the elderly, it was found that
PENA, a modified intramedullary fixation system based
on Proximal femoral nail, was currently the preferred
internal fixation method for the treatment of IFs [26, 27].
The PENA has added anti-rotation properties, allowing
intraoperative C-arm fluoroscopy for traction closure
and repositioning and minimally invasive percutaneous
internal fixation with a small incision [28]. Moreover,
PENA was more compatible with the anatomical and
biomechanical conduction pattern of the proximal femur
and had fewer complications, allowing patients to per-
form functional rehabilitation at an early stage [29].

KOA is a degenerative disease caused by various fac-
tors that lead to fibrosis, cracking, ulceration, and loss
of articular cartilage, resulting in joint pain as the main
symptom [30-32]. In severe cases, KOA can lead to a
lack of muscle strength in the lower limbs, flexion defor-
mities, changes in force lines, and force instability [33].

Prolonged bed rest and reduced activity of the lower
limbs increase the incidence of postoperative complica-
tions of lower limb fractures [34]. Postoperative lower
limb activity is significantly reduced in elderly patients
with IFs. The combination of other lower limb diseases
on the side of the fracture and prolonged bed rest can
dramatically increase the incidence of postoperative
complications. KOA is one of the standard lower limb
disorders in elderly patients. As the systemic hormone
metabolism of elderly patients decreases, the degenera-
tion of the knee joint will gradually increase, resulting in
pain, swelling, and limited movement of the knee com-
mon, followed by atrophy of the muscles around the joint

B Barthel
100
mm Control group
80 = KOA group
60—
40—
20
0- T T
N ) ) )
N4 & & d
I A
\,0 ,OQ oR R
Q° Q° Q9 e

Fig. 3 Clinical outcomes at different follow-up time points. (A) Harris hip score for hip function. (B) Barthel Index score for the ability to make a daily living
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and joint weakness, resulting in a significant reduction in
lower limb motion [35, 36]. In this study, the KOA group
had a higher rate of postoperative complications than the
control group. It indicated that an elderly IFs combined
with ipsilateral knee osteoarthritis does not allow for
effective lower limb muscle contraction and joint move-
ment in the affected limb postoperatively. The inabil-
ity of patients to start upright training early, prolonged
bed rest, reduced lower limb activity, and a significant
increase in the incidence of postoperative complications
seriously affect the postoperative outcome of IFs in the
elderly.

In biomechanics, as the human skeleton is mostly
irregular in geometry, micro-movement between fracture
ends breaks down the axial pressure into various direc-
tional components, facilitating fracture healing [37-40].
Micro-movement helps promote osteoblasts’ regenera-
tion at the fracture end and the early formation, develop-
ment, and maturation of bone scabs [41-43]. Therefore,
early out of bed postoperatively for IFs can promote heal-
ing of the fracture end and create conditions for early full
weight bearing on the floor. In our study, patients in the
KOA group had a longer postoperative time out of bed
and fracture healing time than the control group. We
suggest that KOA, a chronic degenerative condition, and
the long-term persistence of pain around the knee joint
can cause psychological disorders in patients. It leads to a
fear of being out of bed after surgery, a constant decrease
in lower limb activity, and the need for psychological
support during postoperative rehabilitation. Moreover,
the lower limb muscles had atrophied to a certain extent
due to the reduced mobility of the lower limb before the
injury, resulting in reduced stimulation of the fracture
site by the hip muscles, reduced micro-movement of the
fracture end, slower growth of the bone scab and longer
fracture healing time.

Restoring the function of the affected hip as soon as
possible, relieving pain, and improving the patient’s qual-
ity of life are the ultimate goals of surgery for IFs in the
elderly [44]. In the present study, the Harris hip function
score and Barthel Index score at 1, 3, 6, and 12 months
were lower in the KOA group than in the control group.
At the final follow-up, the control group had a signifi-
cantly higher hip function and ability to perform activi-
ties of daily living than the KOA group without needing
assistance from a bystander. It suggests that if a patient
had an IFs combined with an ipsilateral KOA, their post-
operative hip function and ability to perform activities of
daily living are significantly reduced. We consider that
two factors contribute to this result. First, pain scores
account for 44% of the total Harris hip score for hip func-
tion, and the most common clinical sign of KOA is pain.
At postoperative follow-up, the subjective perception of
pain around the knee on the patient’s fractured side may
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have influenced the outcome of the hip function score,
as well as the significant reduction in lower limb mobil-
ity due to peri-knee pain, resulting in a lower Barthel
Index score. Secondly, patients with KOA will have vary-
ing degrees of valgus or deformity, resulting in altered
force lines in the lower limb. The hip joint partially com-
pensates for some of the knee joint function to main-
tain force stability in the lower limb [45, 46]. However,
after an IFs in an elderly patient, the hip joint becomes
deformed, and the mobility of the limb is reduced due to
long-term preoperative compensation, resulting in diffi-
culty in recovering the function of the hip and reduced
ability to perform daily activities after surgery.

Limitations

There were some limitations in this study. The study
was retrospective only, and although the essential char-
acteristics of the included cases were similar, bias could
not be excluded entirely. This study imposed no inter-
ventions on patients with KOA, further refinement is
needed in future work. The follow-up period was short,
and the sample was tiny and single. Only patients treated
with PENA internal fixation were selected for this study.
Later, the sample size and sample type will be increased
to investigate further aspects of the relationship between
KOA and IFs in the elderly to obtain adequate clinical
data.

Conclusions

In conclusion, in elderly patients with IFs combined
with KOA of the fracture side treated with PFNA inter-
nal fixation, KOA increases the incidence of postopera-
tive complications of the fracture, prolongs postoperative
time out of bed and fracture healing, and reduces postop-
erative hip function and ability to daily living. Therefore,
treating KOA on the fractured side needs to be consid-
ered when treating IFs in the elderly.
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