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Abstract

Purpose: Patellofemoral (PF) joint osteoarthritis (OA) is a major cause of anterior knee pain. Combined PF and medial
tibiofemoral (TF) OA is common in older adults. We evaluated the effect of arthroscopic patellar denervation (PD) in
patients with combined TF and PFOA after malalignment correction.

Methods: Forty-five patients [females/males, 27/18; age, 30-59 years (45.5 £ 8.50); mean body mass index,

25.15 £ 3.04kg/m?] were treated in our department from March 2017 to March 2019. The patients were randomised
into 2 groups: group A included 22 patients who underwent open-wedge high tibial osteotomy (OWHTO) and arthro-
scopic PD and group B included 23 patients who underwent OWHTO without denervation. The effect of denervation
was statistically and clinically evaluated using the Knee injury and Osteoarthritis Outcome Score (KOOS) and Kujala
(anterior knee pain score) score.

Results: After 24 months, 40 patients were available for the final follow-up. The final values of KOOS and the Kujala
score were significantly different between the groups (p<0.001). For group A, the average KOOS improved from 42.73
t0 72.38 (p <0.001) and the Kujala score improved from 42 to 74.1 (p <0.001), whereas in group B, the average KOOS
improved from 39.22 to 56.84 (p <0.001) and the Kujala score improved from 39.7 to 56.4 (p <0.001).

Conclusion: Adding arthroscopic PD to OWHTO relieves anterior knee pain in patients with combined TF and PFOA
and improves knee joint function and quality of life.

Level of evidence: Level| prospective randomised control clinical trial.

Keywords: Arthroscopic patellar denervation, Anterior knee pain, Patellofemoral, High tibial osteotomy, Tibiofemoral,
Osteoarthritis

Introduction

Patellofemoral (PF) osteoarthritis (OA) is a highly prev-
alent disease and an important cause of anterior knee
pain. It greatly affects several daily activities, including
kneeling, squatting, climbing stairs and getting up from
a low chair [20, 22]. PFOA represents 60% of sympto-
matic knee OA, whereas combined PF and tibiofemoral

*Correspondence: mohamed.sayedp31@med.au.edu.eg;
muhammadkamel14@gmail.com
Faculty of Medicine, Assiut University, Assiut 71515, Egypt

@ Springer Open

(TF)OA (40%) is a more common form of knee OA than
PFOA (24%) or TFOA alone (4%) [16, 17]. PF pain occurs
in approximately 7.3% of the patients in the United States
[13]. Boling et al. [5] demonstrated that anterior knee
pain primarily affects middle-aged people and is 2.23-
fold more common in females than males (our random
sample size is consistent with these findings; 24 females
and 16 males) [12].

Knee pain and disability are more severe in com-
bined PF and TFOA, which is a common presentation
in older adults [17]. Open-wedge high tibial osteotomy
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(OWHTO) is commonly used for treating medial com-
partment TFOA with varus knees [30]. Although
OWHTO has shown good clinical results in patients
with medial knee OA, this procedure is not recom-
mended for patients with severe PFOA [30]. OWHTO
may decrease patellar height (patella baja) [10, 36], which
increases contact stress on the PF joint and eventually
leads to anterior knee pain [21, 45]. Therefore, arthro-
scopic patellar denervation (PD), a joint-preserving min-
imally invasive technique, may provide relief for anterior
knee pain and decrease the limitations of OWHTO.

Research has shown that the incidence of anterior knee
pain following total knee arthroplasty can be reduced
by PD [51]. Vega et al. [48] described the technique for
arthroscopic PD and its effect on anterior knee pain.
However, to our knowledge, no studies have investigated
the addition of arthroscopic PD to OWHTO in patients
with combined PF and TFOA. Therefore, the present
study assessed anterior knee pain and complications after
OWHTO with or without arthroscopic PD in patients
with combined PF and TFOA.

Methods

Patient selection

A prospective randomised control clinical trial was
conducted in the arthroscopy unit of Assiut University
Hospital. Forty-five patients [females/males, 27/18; age,
30-59years (45.5+8.50); mean body mass index (BMI),
25.1543.04kg/m?] from March 2017 to March 2019
were enrolled in this study (Fig. 1).

The inclusion criteria were as follows: 1) age
20-60years, 2) anterior knee pain (all grades of PFOA),
3) mild to moderate TFOA [G I-III Kellgren—Lawrence
(KL) scale], 4) no involvement of the lateral compart-
ment, 5) range of motion of at least 120° flexion and 6)
BMI < 30kg/m?. The exclusion criteria were as follows: 1)
advanced case of TFOA (G VI KL scale), which requires
total knee replacement; 2) flexion deformity >15° 3)
varus angle degree >10° and 4) inflammatory disease
(such as rheumatoid arthritis).

The patients were randomised into two groups using
a sealed envelope system. Both groups (A and B) under-
went OWHTO. Group A underwent OWHTO with
arthroscopic PD, whereas group B underwent OWHTO
without denervation. The effect of denervation was sta-
tistically and clinically evaluated using KOOS and the
Kujala score. Diagnostic arthroscopy was performed in
all cases to assess PF articular cartilage degeneration,
classify the cartilage defect using the Outerbridge classi-
fication [42], assess the lateral compartment and exclude
any other pathology.
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Clinical assessment

All patients were diagnosed using clinical history, phys-
ical examination and radiological assessment. They
were then evaluated using a scoring system for patel-
lofemoral disorders, which included the Kujala score
[27] and KOOS [39]. The average duration of com-
plaints was 30 months (6 months—5years). The clinical
manifestations included anterior knee pain, recurrent
knee swelling, sense of friction and crepitus during
flexion and extension of the knee, significant difficulty
in removing socks, positive patellar grinding test and
atrophy of the quadriceps femoris. Pain was primar-
ily located at the patellar edges and was aggravated by
climbing stairs, kneeling, standing from a seated posi-
tion and squatting. All patients received conservative
treatment (mean duration, 4months) before surgi-
cal intervention, including the strengthening of the
quadriceps muscle, lifestyle modification, analgesics
and non-steroidal anti-inflammatory drugs, which were
unsuccessful.

Radiological assessment

X-ray anteroposterior view (Fig. 2)

The 5-point KL scale [25] was used to detect the severity
of knee osteoarthritis, including mild to moderate grades
(L IL III) and excluding severe TFOA grades (G VI).

The full-length standing radiograph in the anteroposterior
view

This was used to assess the mechanical axis and exclude
varus deformity of > 10° (Fig. 2).

The knee skyline Merchant 45° view

This showed that the PF joint was degenerated and the
space between the PF joint was narrow. PF joint arthri-
tis was classified into four stages based on the 45° sky-
line view according to Merchant classification (Figs. 3
and 4) [32].

Lateral x-ray

Patellar height (alta or baja) may be evaluated by vari-
ous methods in the lateral x-ray. We used the Insall-
Salvati ratio with a normal ratio of 0.8-1.2. This
compared the length of the patellar tendon with the
patellar height [49].

Arthroscopic PD technique

With the leg extended (Fig. 5), an arthroscope was
inserted through the anteromedial, anterolateral and
suprapatellar portals to access the entire perimeter
of the patella. Next, the hyperplastic synovium in the
intercondylar fossa was cleared and resected of plica



Said et al. J EXP ORTOP

(2021) 8:104

Page 3 of 14

OWHTO without denervation

Fig. 1 Patient flow chart

Flowchart of the study

100 patients complaining of combined PF and TF O.A

55 patients were excluded
due to exclusion criteria

A

45 patients were enrolled in the study

Group B
(23) patient

3 patients lost
in follow up

March 2017 to March 2019

40 patients at final follow up
20 patients in each group

Group A
(22) patient
OWHTO with denervation

3 patients lost
in follow up
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Fig. 2 Anteroposterior long standing film shows bilateral varus knee
with tibiofemoral osteoarthritis

Abdel-Aziz Ali

Fig. 3 Patellofemoral joint osteoarthritis in the skyline view. The
patellofemoral joints are degenerated, and the space between the
patellofemoral joints is narrow

(if present), and shaving, debridement and abrasive
chondroplasty were subsequently performed. The
patella was then denervated under vision using VAPER
[Mitek VAPR3 3 Electrosurgical ESU Radiofrequency
Unit 225,021 (9038), DePuy Mitek, Inc.] (Fig. 6).
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Conventional VAPER produces a thermal lesion to the
peripatellar soft tissue; this obliterates a considerable
number of pain receptors.

We used the technique described by Vega et al. [48]
who recommended that denervation should not include
the region of the patellar tendon. This was based on Scap-
inelli’s study [41] that showed that the aforementioned
region is an important site of entry for blood vessels
that reach the patella. Injury to these vessels could lead
to patellar necrosis [50]; thus, we were cautious during
denervation at the site of the patellar tendon insertion.
Vega et al. [48] considered that the risk of complications
resulting from patellar vascular injury is very low even
though a partial disruption of the patellar vascularisation
occurs and that neither the deep vessels nor the course of
the vessels through the patellar tendon are affected. The
arthroscopic denervation technique does not result in
complete denervation and the proprioception and slight
sensation of pain is preserved according to Vega et al.
[48]. Therefore, the technique probably does not result
in neurogenic arthropathy, which leads to patellofemoral
arthrosis.

With respect to the patellar nerve supply, the two
main nerves reach the superomedial and superolateral
quadrants and emerge from vastus medialis and later-
alis, entering the patella at 11:00 and 2:00 in a clock-
wise direction, respectively (Fig. 7) [31]. Research has
demonstrated an anatomical variant to this innervation
[50]. Because of the wide anatomical variability, selec-
tive neurotomy does not result in complete PD in many
cases [48, 50]. In addition, some immunohistochemi-
cal studies reported hyperinnervation of the peripatel-
lar soft tissue in patients with anterior knee pain, which
contain a considerable number of nociceptors [3, 40,
50]. Based on these findings, we performed denervation
on the peripatellar tissue and focused on the common
entry sites of the supplying patellar nerves at 11:00 and
2:00.

OWHTO surgical technique

After arthroscopic denervation, all patients underwent
OWHTO (Fig. 8). All procedures were performed based
on the technique recommended by the AO international
knee expert group. Biplanar osteotomy, which com-
prises osteotomies in the axial and frontal planes, was
performed in all cases. Ascending frontal osteotomy,
leaving the tibial tuberosity on the distal fragment, was
also performed. All osteotomies were performed with-
out the use of additional bone grafts, and the opening
of the osteotomy was maintained with a T-locked plate
(Orthomed-E Co., Egypt). Suction was inserted into the
lateral arthroscopic portal, and wound closure was per-
formed in layers.
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Fig. 5 Knee suprapatellar portals

Fig. 6 Arthroscopic patellar denervation technique

Postoperative rehabilitation

Immediately after the procedure, all patients began
isometric quadricep contractions and active ankle
exercises. From day 3 to 2weeks after the proce-
dure, the patients performed exercises that included
range of motion exercises, straight leg raising, active
knee flexion and extension, isometric quadriceps con-
tractions and stretching exercises for the hamstring,
gastrocnemius and soleus. They also underwent ambu-
lation with two crutches without weight bearing on the
affected lower limb. At 6 weeks after the procedure, the
patients continued home exercises and started partial

Medial
Lateral :

Fig. 7 Entry point of the patellar nerves on the right knee

Fig. 8 Open-wedge high tibial osteotomy after denervation

weight-bearing ambulation with two crutches after an
x-ray to detect healing (Figs. 9 and 10).

Postoperative follow-up

All patients were evaluated during the follow-up period
for 2years (3rd, 6th, 12th, 18th and 24th months) using
KOOS and the Kujala score to evaluate the therapeutic
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Fig. 9 Postoperative long standing film

effects and improvements in knee joint function after
surgery. The minimal clinically important difference
(MCID) [9] was determined via a distribution-based
method (the minimal change was approximately half a
standard deviation of baseline scores) [33, 34].

Statistical analyses

SPSS version 23.0 software was used for data management
and analyses. The mean +standard deviation with medi-
ans and ranges, when appropriate, were used to describe
the quantitative data. The sample size was determined via
a power analysis (considering an alpha error of 0.05 and
power of 90%, a minimum sample size of 28 (14 patient
for each group) was required for a moderately strong cor-
relation). However, the sample size was increased to 45.
Numbers with percentages were used to describe the
qualitative data. The Chi-square test and Fisher’s exact
test were used for comparing independent categorical
variables. Where continuous data were normally distrib-
uted, Student’s t-test was used for comparisons between
two groups and repeated measures analysis of variance.
For non-normally distributed data, the Mann—Whitney
and Kruskal-Wallis tests were used. The significance level
was set at a=0.05. P<0.05 was considered a significant
difference.

55 () _asv o

Fig. 10 Postoperative x-ray: skyline and lateral views

Results

Forty-five patients met the inclusion criteria clinically
and radiologically and five patients were lost to follow-
up. Forty patients were available for final evaluation (end-
point, follow-up of 2years) (Fig. 1). All enrolled patients
completed the questionnaires during their pre- and post-
operative follow-up. There were no complications such
as infection, nerve or vascular injury or ischaemic necro-
sis, although there were two cases, one in each group, of
superficial surgical site infection at the site of the inci-
sion, who were treated with broad-spectrum antibiotics.

At the preoperative assessment, there were no epide-
miological, clinical, radiological (anteroposterior x-ray
KL classification and skyline Merchant classification),
arthroscopic (Outerbridge classification) or the Kujala
score and KOOS differences between the two groups
(Tables 1, 2 and 3; Figs. 11, 12 and 13). However, both
groups showed a significant improvement statistically
and clinically according to KOOS and the Kujala score
(p<0.001); group A improved significantly more than
group B (p<0.001) (Tables 4 and 5). For group A, the
average KOOS improved from 42.73 to 72.38 (p<0.001)
and the Kujala score improved from 42 to 74.1 (p<0.001).
For group B, the average KOOS improved from 39.22 to
56.84 and the Kujala score improved from 39.7 to 56.4
(p<0.001) (Tables 4 and 5; Figs. 14 and 15).

MCID was calculated via a distribution-based method
(approximate half a standard deviation of the baseline
scores) using the total scores of the initial visits from all
the participants; MCID was 5 points for the Kujala score
and 4.5 points for KOOS (Tables 4 and 5).

The mean degree of varus malalignment for group A
was 5.432 and for group B was 6.887. After OWHTO, the
postoperative mean degree of varus malalignment was
—0.490 and 0.852, respectively (Table 6). Moreover, there
was no significant difference in the degree of correction
between the two groups.
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Table 1 Mean age in both groups

Age (year) Group A Group B P-value
Mean 4545 45.65 0.862 (NS)
SD +/— 8.50 9.3
Median 45 445
Range 30-58 28-59
Table 2 Mean MBI in both groups
Study groups
Group A Group B
BMI (kg/m2) Mean 26.12 2412
+SD 2.10 3.04
Median 26 23.50
Range 23-29 18.5-29

Table 3 X-ray Kellgren-Lawrence (KL) classification of knee OA in
both groups pre-operative
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The correlation between the TF x-ray classification
(KL) and postoperative outcome [Kujala score (p =0.069)
and KOOS (p=0.063)] (Table 7) was negative and bor-
derline statistically significant. This indicates that an
increase in the degree of TFOA by x-ray KL classifica-
tion is associated with a decrease in the Kujala score and
KOOS in both groups.

The correlation between age and postoperative out-
come [Kujala score (p=0.016) and KOOS (p=0.039)]
(Table 8) was negative and statistically significant. This
means that increased age (years) is associated with a
decrease in the Kujala score and KOOS in both groups.
Patellar height, as measured by the Insall-Salvati index,
was significantly decreased after OWHTO (p=0.006)
(Table 9).

Although, adding arthroscopic PD to OWHTO signifi-
cantly improved KOOS and the Kujala score in group A,
old age and severe grades of TFOA were associated with
less favourable outcomes. All PFOA stages (radiological
or arthroscopic) improved to the same degree with no
significant difference among PFOA degrees. Regarding
this result, we believe that arthroscopic PD outcome does

X-ray K.L classification ~ Group A Group B P-value not depend on the preoperative degree of PFOA (radio-
Degree of 0. A count % count % logically or arthroscopically) (Tables 10 and 11).
Grade 0 0 0 0 0 A72 (NS) . .
Grade 1 2 10 1 5 Discussion
The main finding of the present study was that arthro-
Grade 2 13 65 10 50 . . . . .
scopic PD improves anterior knee pain, and this tech-
Grade 3 5 25 9 45 . . . . . .
dea 0 0 . 0 nique should be considered in patients with combined
Gra Ie medial TF and PFOA undergoing OWHTO. These
Tota 20 1o 20 100 results confirm the hypothesis that patients with ante-
rior knee pain and medial TFOA with varus knee will
benefit greatly from arthroscopic PD after malalignment
Kellgren-Lawrence (KL) X-ray classification
70% 65%
60%
50%
50% 45%
40%
30% 25%
20%
10%
10% 5%
% . — 0% 0% 0% 0%
G-1 G2 G-3 G-4 G5
mGroup A 10% 65% 25% 0% 0%
uGroup b 5% 50% 45% 0% 0%
mGroupA mGroupb
Fig. 11 Preoperative Kellgren-Lawrence scale of both groups
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Outerberidge arthroscopic classifications

70%
60%
60%
50%
50%
40%
30%
30%
20% 20%
20%
10% 10%
10%
0%
Gl G2 G3 G4
mGroup A 10% 10% 50% 30%
Group B 0% 20% 60% 20%

mGroupA ® Group B
Fig. 12 Preoperative Outerbridge arthroscopic classifications of both groups

PFOA classification in Skyline view (Marchant classification )
70%

60%
50%
40%

30%
20%
10%
0% 0%
0%
B

HGA
mGB

A C D
HGA 0% 35% 50% 15%
mGB 0% 15% 65% 20%

Fig. 13 Preoperative patellofemoral joint osteoarthritis classification in the skyline view x-rays (Merchant classification) of both groups

Table 4 Kujala score before treatment, after treatment with % difference from baseline in both groups

Study group Kujala score pre-op Kujala score post-op Kujala % increase P value for
— time effect
Mean SD Mean SD Mean SD
Group A 42.00 1142 74.15 8.12 84.25 3551 <0.001
Group B 39.70 9.93 56.40 10.55 46.41 30.04 <0.001
SD both 10.63 (MCID)

Pvalue between groups 1.0 <0.001 0.006
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Table 5 KOOS score before treatment, after treatment with % difference from baseline in both groups
Study group KOOS score pre-op KOOS score post-op KOOS % increase P value for
I time effect
Mean SD Mean SD Mean SD
Group A 42.73 9.22 72.38 7.1 7497 32.56 <0.001
Group B 39.22 8.85 56.84 7.78 4937 2546 <0.001
SD both 9.09 (MCID)
Pvalue between groups 1.0 <0.001 0.078
Kujala score
80 74.15
70
60
50
40
39.7
30
20
10
0
pre-op post-op
Group A 42 74.15
Group B 39.7 56.4
Group A -Group B
Fig. 14 Pre- and postoperative KUJALA scores with % difference from baseline in both groups

correction. Therefore, we designed a prospective ran-
domised clinical trial to test this hypothesis by com-
paring two groups of patients. Group A comprised 22
patients who underwent OWHTO and arthroscopic PD,
whereas group B included 23 patients who underwent
OWHTO without denervation. Both groups improved
statistically and clinically according to KOOS and the
Kujala score (p<0.001); however, group A exhibited sig-
nificantly higher scores than group B (p <0.001).

MCID is an important concept used to determine
whether a medical intervention improves perceived out-
comes in patients [9]. Three different methods are used
to calculate MCID: the distribution-based method,
anchor-based method and Delphi method [33]. Nor-
man et al. [34] proposed the standard deviation method
and reported that in patients with chronic disease, the
estimates of minimal change were approximately half a

standard deviation of the baseline scores. It was calcu-
lated using the total scores of the initial visits from all
participants and was 5 points for the Kujala score and 4.5
points for KOOS. Using the anchor-based method, Celik
et al. [9] determined the MCID of KOOS and the Kujala
score (both scores ranged from 0 to 100). KOOS (MCID)
was 14.5 [9], whereas the Kujala (MCID) score was 9.5.
Jacquet et al. [19] determined the MCID values of KOOS
for patients who underwent OWHTO and the values
were 15.4 for KOOS pain, 15.1 for KOOS symptoms, 17
for KOOS ADL, 11.2 for KOOS sports/reaction and 16.5
for KOOS QQL.

According to the present study, in group A, the
improvement in KOOS was 32.56 and the Kujala score
was 32.15, whereas in group B, the improvement in
KOOS was 25.46 and the Kujala score was 16.7. Improve-
ment in both groups was greater for MCID calculated
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40

39.22

30

20

10

0
pre-op

42.73
39.22

Group A

s Group B

s Group A

KOOS score

72.38

post-op
7238
56.84

e Group B

Fig. 15 Pre- and postoperative KOOS with % difference from baseline in both groups

using the two methods, but group A was superior to
group B. In group B, both scores in some patients were
lower than expected after OWHTO. This decrease may
be explained by the culture and lifestyle in our locality.
The patients included farmers and manual workers who
are used to continuous squatting and stair climbing dur-
ing their work, and they showed less satisfaction, par-
ticularly in activities related to the PF joint (kneeling,
squatting and climbing stairs).

Another solution for combined medial TF and PFOA
is unicompartmental knee arthroplasty (UKA) plus PD.
Although UKA shows good clinical results in patients
with medial knee OA, it is not recommended for patients
with severe PFOA. Suwankomonkul et al. [44] conducted
a prospective comparative study in which UKA plus PD
via circumferential electrocautery were performed. This
study demonstrated that PD decreases short-term ante-
rior knee pain in patients with PFOA undergoing UKA.
The Kujala score after 6 months was approximately 10
points higher than that observed after UKA without
PD. Even patients with high-grade full-thickness carti-
lage loss of the patella (grade III-1V) showed significant
improvement in anterior knee pain scores compared with
patients without denervation.

According to Zhao et al. [52], 156 PFOA patients
with intact tibiofemoral (males/females, 62/94; age,

Table 6 Degree of varus malalignment before treatment and
after treatment in both groups

Study groups Degree of Varus  Degree of Varus P value for
pre-op post-op time effect
Mean sD Mean sD

Group A 5432 2901 —0490 2928 <0.001*

Group B 6.887 1.699 0.852 1.754 <0.001*

Pvalue 0432 0.508

OWHTO significantly corrected varus deformity in both study groups (p <0.001).
But the degree of correction was not different among both groups

p value is significant <0.05, all p values are Bonferroni adjusted

Table 7 Correlation between Kellgren-Lawrence (KL)
classification of knee OA and outcome in both groups

Item (Spearman’s rho) X-ray K.L classification

r-value p- value
KOOS score for both groups —0.297 0.063
Kujala score for both groups —.0291 0.069

The correlation between x-ray classification and outcome (post-op scores for
Kujala and KOOS) was fair negative association but borderline statistically
significant

Correlation is significant at the 0.05 level (2-tailed)
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Table 8 Correlation between age and outcome both groups

Item (Pearson Correlation) Age(year)

R-value P-value
KOOS sore post-op (both groups) —0328 0.039
Kujala sore post-op (both groups) —0.380 0.016

The correlation between age and outcome (post-op scores for Kujala and KOOS)
was fair negative statistically significant

Correlation is significant at the 0.05 level (2-tailed)

Table 9 Difference in Insall-Salvati index in both groups pre-
operative

Both groups Mean sD P-value
Insall-Salvati pre-op (N =40) 1.1320 0.21681 0.006
Insall-Salvati post-op (N =40) 1.0488 0.23901

p value is significant <0.05, all p values are Bonferroni adjusted

45-81years, mean, 66years) were treated with arthro-
scopic patelloplasty, lateral retinaculum release (LRR) and
arthroscopic PD. The therapeutic effects of surgery sig-
nificantly improved both the Lysholm and Kujala scores
(P <0.05). The authors [52] claimed that arthroscopic PD
is closely associated with the degree of PF articular car-
tilage degeneration. Improvement was limited to stage
I-1II cases and was not observed among patients with
cartilage defect IV. In contrast to the results of Zhao et al.
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[52], the present study showed that all stages of PFOA
(radiological or arthroscopic) exhibited improvement
to the same degree with no significant difference. Based
on this result, we suggest that arthroscopic PD outcome
is not dependent on the degree of PFOA. There are sev-
eral possible explanations for this finding. First, the study
focused on patients that were up to 81years old. Most
patients complained of severe grades of PFOA, and LRR
was performed on all patients. Tao et al. [46] conducted
a study on 60 cases with anterior knee pain, which were
recruited for arthroscopic PD and intra-articular patel-
loplasty with extra-articular retinaculum release. The
Feller patellar score [11] was used rather than the Kujala
score and only patients with x-ray KL classification (0, 1,
2) were included. At the last follow-up, there was a sig-
nificant difference between the scores before and after
surgery (P <0.05). In contrast to the present study, LRR
was performed in all patients; the use of LRR in relieving
anterior knee pain is a matter of debate. It has significant
limitations and specific indications [1, 29, 38] and may
yield less favourable outcomes in some cases. Our results
showed that old age and severe TFOA grades were asso-
ciated with a less favourable outcome after OWHTO
plus arthroscopic PD. An increase in age (years) and the
degree of TFOA is associated with a decrease in the post-
operative Kujala score and KOOS.

Some studies have reported an effect of age on out-
come after OWHTO. The ISAKOS Congress in 2005

Table 10 Correlation between Merchant classification (skyline view) of PFJ O.A and outcome in group A

Group A Merchant classification (skyline view) of PFJ O. A P-value
PFOA grades A B C D

Mean SD Mean SD Mean SD Mean SD (NS)
Kujala pre-op 44.1 14.2 416 1.1 383 6.4 0.972
Kujala post-op 776 82 718 8.0 74.0 8.0 0373
KOOS pre-op 453 9.8 423 9.7 382 6.3 0.504
KOOS post-op 744 8.6 715 7.2 704 1.6 0.641
Table 11 Correlation between Outerbridge arthroscopic classification of PFJ O.A and outcome in group A
Group A Outerbridge arthroscopic classification of PFJ P-value
PFOA grades 1 2 3 4

Mean SD Mean SD Mean SD Mean SD (NS)
Kujala pre-op 36.5 35 61.0 19.8 413 10.0 38.7 8.0 0.264
Kujala post-op 74.0 4.2 810 15.6 744 8.0 715 74 0.593
KOOS pre-op 426 1.3 527 189 418 79 410 9.7 0483
KOOS post-op 729 9.7 75.1 12.7 733 83 69.8 24 0.850
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defined the ideal age for patients undergoing OWHTO
as 40—60years [7]. Kohn et al. [24], Goshima et al. [14]
and Floerkemeier et al. [12] reported that age does not
affect clinical and radiological outcomes after OWHTO.
By contrast, Holden et al. [15] and Odenbring et al.
[35] showed better results in patients aged <50years.
Moreover, Trieb et al. [47] reported that the failure rate
after OWHTO was significantly higher in patients aged
>65years than in younger patients. Bonasia et al. [6]
found that the risk of unsuccessful surgery was 5-fold
higher in patients aged > 56 years.

With respect to the correlation between the degree
of TFOA and postoperative outcome, Bonasia et al. [6]
found better outcomes in patients with low grade medial
compartment arthritis. By contrast, Floerkemeier et al.
[12] reported good outcomes even in patients with severe
mono-compartmental arthritis (G III or IV) OA.

In the present study, patellar height, measured via
the Insall-Salvati index, significantly decreased after
OWHTO (p=0.006). Several studies [2, 4, 8, 10, 28] have
reported a decrease in postoperative patellar height after
OWHTO, which strongly depends on the degree of the
correction angle, particularly in patients requiring major
axis correction [2]. Amzallag et al. [2] recommended the
routine baseline measurement of patellar height before
OWHTO in patients requiring major axis correction.
In addition, El-Azab et al. [10] recommended shifting
to closed-wedge osteotomy in patients with borderline
patella baja.

The effect of OWHTO on patellar height can be avoided
by minor modifications to biplanar osteotomy using a
descending limb rather than an ascending limb proce-
dure. Krause et al. [26] and Kloos et al. [23] conducted a
comparative study between ascending and descending
biplanar OWHTO. The results showed that only descend-
ing OWHTO preserved patellar height, whereas ascend-
ing OWHTO resulted in a significant increase in patellar
height, causing a significant increase in the PF joint con-
tact pressure and anterior knee pain [23, 26].

Varus knee deformity is associated with worsening
PFOA [18, 37]. OWHTO is commonly used for treat-
ing arthritic medial compartment with varus knee
[30]. Some studies have reported the adverse effects of
OWHTO on the PF joint [21, 43, 45] and progression
of patellofemoral cartilage degeneration after OWHTO
with large alignment correction. Song et al. [43] and
Tanaka et al. [45] recommended a careful consideration
of the OA status of the PF joint and the required cor-
rection angle. Further, it is well known that advanced
PFOA is a contraindication for OWHTO [30]. Based
on these considerations, we suggest that adding arthro-
scopic PD to OWHTO may relieve any pre-existing
anterior knee pain and protect against intermediate
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term complications (such as anterior knee pain with
progressive cartilage degeneration). Thus, arthroscopic
PD decreases the limitation of OWHTO and delays
joint replacement surgery.

There are certain limitations to this study. First,
this technique is a symptomatic rather than a curative
treatment method and cannot repair or alter PFOA.
Second, 24months is a relatively short follow-up
period. A longer follow-up period is needed to vali-
date the clinical results of arthroscopic PD. Finally, a
larger sample size is needed to firmly recommend the
method.

Conclusions

To our knowledge, this is the first study to evaluate
the effect of adding arthroscopic PD to OWHTO in
patients with combined medial TF and PFOA. Patients
with anterior knee pain caused by PFOA with varus
knee may benefit greatly from arthroscopic PD after
malalignment correction. This technique can reduce
the severity and incidence of anterior knee pain,
improve the quality of life, enhance daily activity and
delay total knee arthroplasty.
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