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Changes in patellar height and tibia inclination angle following
open-wedge high tibial osteotomy

Actk kama yiiksek tibia osteotomisi sonrasinda patella yiiksekligi
ve tibial egim agisindaki degisiklikler

Ufuk OZKAYA, Yavuz KABUKCUOGLU, Atilla Sancar PARMAKSIZOGLU,
Sedat YENIOCAK, Gokhan OZKAZANLI'

Taksim Research and Education Hospital, Orthopaedics and Traumatology Department;
'Manisa Military Hospital, Orthopaedics and Traumatology Deaprtment

Amag: Acik kama ytiksek tibial osteotomiden sonra patel-
la yiiksekligi ve tibial egim ac¢isinda goriilen degisiklikler
ve bunlarin hasta memnuniyeti ile iligkisi incelendi.
Calisma planmi: Medial gonartroz nedeniyle 16 hastanin
(4 erkek, 12 kadin; ort. yas 55; dagilim 44-66) 18 dizine
otojen kemik grefti ve medial plakla agik kama tipi prok-
simal tibial osteotomi yapildi. Ahlbéck siniflamasina gore,
dokuz dizde (%50) derece 1, sekiz dizde (%44.4) derece
II, bir dizde (%5.6) derece III osteoartrit vardi. Ameli-
yat Oncesi ve sonrasinda Bauer yontemiyle femorotibi-
al ac1, Harvey-Moore yontemiyle tibial plato egim acisi,
Blackburne-Peel yontemiyle patellar ytlikseklik belirlendi.
Klinik degerlendirmede Lysholm-Gillquist skoru kulla-
nildi. Son kontrollerde hastalarin tedaviden memnuniyet
diizeyleri 10 puanlik skala ile sorgulandi. Ortalama takip
stiresi 54.2 ay (dagilim 25-96 ay) idi.

Sonuclar: Ameliyat sonrasinda femorotibial agida ortala-
ma 13.6° diizeltme saglandi (p<0.05), tibial plato egim ag1-
sinda ortalama artig 2.9° idi (p<0.05). Patellar yiikseklikte
15 dizde (%83.3) ortalama %15 azalma goriildii (p<0.05).
Ameliyat oncesinde ortalama 61 olan Lysholm-Gillquist
skoru son kontrolde 86’ya yiikseldi (p<0.05). On bir dizde
(%61.1) miikemmel, alt1 dizde (%33.3) iyi, bir dizde (%5.6)
koti sonug alindi. Hasta memnuniyet skoru ortalamast 8.1
(dagilim 5-10) bulundu. Femorotibial agidaki ve Lysholm-
Gillquist skorundaki degisimler hasta memnuniyeti skoru
ile anlaml1 iligki gosterdi (p<0.05). Birer hastada sirasiyla
kaynamama, ameliyat sirasinda eklem ici kirik ve ylizeyel
yara enfeksiyonu goriildii.

Cikarimmlar: Acik kama osteotomisi sonrasinda tibial egim
acis1 ve patellar yiikseklik degerlerindeki degisiklikler kisa
donem hasta memnuniyetini olumsuz etkilememektedir.

Anahtar sozciikler: Diz eklemi; osteoartrit, diz/cerrahi; osteoto-
mi/ySntem; patella/radyografi; hasta memnuniyeti; tibia/cerrahi.

Objectives: We investigated changes in patellar height and
tibial inclination angle after open-wedge high tibial osteoto-
my and the effect of these changes on patient satisfaction.

Methods: The study included 18 knees of 16 patients (4
males, 12 females; mean age 55 years; range 44 to 66 years)
who underwent open-wedge proximal tibial osteotomy with
autogenous bone graft and medial plate for medial compart-
ment gonarthrosis. Nine knees (50%) had Ahlbick grade
I, eight knees (44.4%) had grade II, and one knee (5.6%)
had grade III osteoarthritis. Pre- and postoperatively, femo-
rotibial angle, tibial inclination angle, and patellar height
were measured according to the Bauer, Harvey-Moore, and
Blackburne-Peel methods, respectively. Clinical evaluations
were made using the Lysholm-Gillquist score. Patient sat-
isfaction was questioned with a 10-point scale. The mean
follow-up was 54.2 months (range 25 to 96 months).

Results: Postoperatively, the mean correction of the femo-
rotibial angle was 13.6° (p<0.05), and the mean increase in
the tibial inclination angle was 2.9° (p<0.05). Fifteen knees
(83.3%) exhibited a significant decrease in patellar height by
a mean of 15% (p<0.05). The mean Lysholm-Gillquist score
increased from preoperative 61 to 86 at the latest follow-up
(p<0.05). The results were excellent in 11 knees (61.1%), good
in six knees (33.3), and poor in one knee (5.6%). The mean
patient satisfaction score was 8.1 (range 5 to 10). Changes in
the femorotibial angle and Lysholm-Gillquist score were sig-
nificantly correlated with patient satisfaction (p<0.05). Three
patients had nonunion, perioperative intra-articular fracture,
and superficial wound infection, respectively.

Conclusion: Changes in the tibial inclination angle and pa-
tellar height following open-wedge tibial osteotomy do not
have an adverse effect on short-term patient satisfaction.

Key words: Knee joint; osteoarthritis, knee/surgery; osteotomy/
methods; patella/radiography; patient satisfaction; tibia/surgery.
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The goal of high tibial osteotomy HTO for medial
compartment gonarthrosis is to transfer the load to
the healthy lateral compartment.?! Besides closing-
wedge osteotomy, dome osteotomy and opening-
wedge osteotomy methods, opening and closing-
wedge tibial osteotomy with hemicallotasis method
has been described.**

Several studies which report development of ana-
tomical changes in patellar tendon and the proximal
tibia following HTO have been published recently.""-
Bl Technical problems in total knee arthroplasty after
HTO in the following years have also been reported.
(L1451 However, there are no studies in the literature
evaluating the effect of these anatomical changes on
clinical and functional results, to our knowledge.

The changes in tibial plateau inclination angle, fe-
morotibial angle and patellar tendon length following
open wedge HTO for medial gonarthrosis of the knee
have been measured in this study. The correlation of
the observed changes and postoperative patient satis-
faction have been evaluated.

Patients and method

Between November 1998 and May 2005, open
wedge HTO using autogenous iliac bone graft and me-
dial plate for medial compartment gonarthrosis were
performed in 33 knees of 30 patients. Of these 30 pa-
tients, 18 knees of 16 patients with at least two years
of follow-up (4 man, 12 woman; median age 55; range
44-66) were evaluated.

Patients included in this study had a history of failed
conservative treatment for 3 months, had pain limited to
medial compartment only, with range of motion more
than 120 degrees in the affected knee, had intraarticu-
lar narrowing less than %50 in weight-bearing knee
radiographs and had varus deformity only limited to ti-
bia. The contraindications of the surgery were : loss of
extension more than 5 degrees, medial instability more
than Smm., presence of romatoid arthritis, poor gene-
ral status of the patient and generalised osteoarthritis
of the knee in weight bearing A-P radiographs.

The etiology was found to be idiopathic in 16 kne-
es of 14 patients, and posttraumatic in one patient.
One patient had a history of previous meniscectomy
surgery. Nine knees (50%) had Ahlback grade I, eight
knees (44.4%) had grade II, and one knee (5.6%) had
grade I1I osteoarthritis.

Passive and active range of motion (ROM) exerci-
ses were begun on the second postoperative day; parti-
al weight bearing with crutches was encouraged on the
sixth and full weight bearing on the 10th postoperative
week.

Weight-bearing anteroposterior (A-P), lateral and
axial knee radiographs were taken pre-operatively and
on sixth and tenth week, first year and at last assess-
ment post-operatively. On the sixth and tenth post-
operative week, the bone healing of the osteotomy site
was evaluated radiographically, and range of motion of
the knees were recorded.

The femorotibial angles of the knees were evalu-
ated on the preoperative A-P weight-bearing radiog-
raphs using the method of Bauer; a postoperative angle
of 168-172 degrees was planned."” The femorotibial
angles were evaluated at the radiograhs taken at the
first postoperative day, at the sixth and tenth postope-
rative weeks, at one year and at the last assessment.
Tibial inclination angles were evaluated preoperatively
and postoperatively using the Harvey-Moore method.
(Figure 1) U8 Patellar height was evaluated using the
Blackburne-Peel method at the preoperative and last
assessment lateral knee radiographs taken at 30 degre-
es of flexion. (Figure 2) "' Clinical functional results
were evaluated according to the Lysholm- Gillquist
score preoperatively and at the last assessment: 85 po-
int or higher was accepted as perfect, 70-85 points as
good, 70 points or less was accepted as poor result. 2
Patient satisfaction was evaluated subjectively by the
patients using the method described by Miller et al 1!
(1=not satisfied, 10= very satisfied). The average follow
up was 54.2 months (range 25 to 96 months).

Statistical analyzes were performed using the SPSS
11.5 programme. The data was given as mean values
and in percentages. Postoperative femorotibial angle,
tibia inclination angle, patellar height and changes in
Lysholm- Gillquist scores were compared using the
Wilcoxon signed-rank test. The correlation between
three indexes and clinical results was determined using
Spearman’s nonparametric analysis. The P-values less
then 0.05 (P<0.05) were the level of significance.

Results

Fifteen of the 18 osteotomies healed in 10 weeks
and 2 osteotomies healed in 18 weeks. Nonunion was
observed in one patient. The average consolidation time
was 7.1 months (range 6 to 9 months). No statistically



Ozkaya et al. Changes in patellar height and tibia inclination angle following open-wedge high tibial osteotomy 267

Figure 1.Measurement of tibial plateau inclination angle using Harvey-Moore method. I: A line
tangential to the anterior tibial crest in the lateral plane is drawn; II: Another line tangential to the joint facet
of tibia is drawn.; Ill: A line perpendicular to the first line; a: Tibial inclination angle.

significant change in the range of motions of the opera-
ted knees was observed (preoperative 128°, range 120°
to 135°; at the last assessment 127°, range 120° to 135°).
(P<0.05). The average femorotibial angle measured on
weight-bearing A-P radiographs at the preoperative
and at the 10th postoperative week were 183.2° (range
179° to 192) and 169.6° (range 166° to 172°), respecti-
vely (p< 0,05); the mean achieved correction was 13.6°
(range 7° to 23°). In 16 of the 18 knees, a femorotibial
angle of 168-172 degrees was obtained in the 10th pos-
toperative week. A femorotibial angle more than 172
degrees (undercorrection) was not observed in any of
the patients. A femorotibial angle less than 168 degre-

es (overcorrection) was observed in two patients. Loss
of reduction more than 2 degrees was not observed in
any of the patients in the follow up. The preoperative
tibial inclination angle according to the Harvey-Moore
method of 7.2 degrees (range 6 to 9) changed to 10.1
degrees (range 8°to 11°) postoperatively. (p<0.05).
The average increase in tibia inclination angle was 2.9
degrees. Fifteen knees (83.3%) exhibited a significant
decrease in patellar height by a mean of 15% (p<0.05).
The preoperative and postoperative Blackburne-Peel
ratio were 0.98, and 0.83, respectively (p<0.05). The
average shortening of the patellar tendon in this study
was %15 (range %0 to %20)

Figure 2. Measurement of patellar tendon height using Blackburne-Peel method.
A: Distance from proximal pole to the tangential line of the joint line; B: Length of patellar facet.
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The mean Lysholm-Gillquist score increased from
preoperative 61 (range 45-to 77) to 86 (range 69 to 96)
at the latest follow-up (p<0.05). The functional results
were perfect in 11 (%61.1) knees, good in 6 (%33.3)
knees and poor in 1 (%5.6) knee. Subjective evalua-
tion of the patients revealed an average of 8.1 (range
5 to 10) patient satisfaction score. Statistically signi-
ficant correlation between the femorotibial angle and
Lysholm-Gillquist score with patient satisfaction score
was observed. (for both criteria, r=0.603, p<0.05) A
negative corelation was observed between the tibial
plateau inclination angle and patient satisfaction score.
(r=-0.756). No statistically significant correlation was
found between the change in patellar tendon height and
patient satisfaction score (r=0.296, p>0.05). The only
nonunion observed in the series was later managed
succesfully with a circular external fixator and autoge-
nous iliac bone graft. The osteotomy healed in thel2th
postoperative week after the secondary procedure. The
tibial inclination angle of the patient was measured as
11°, the decrease in the patellar tendon length as %0,
the Lysholm-Gillquist score as 69 and the patient satis-
faction score as 5.

Intraarticular fracture was observed in one patient
and was managed conservatively with cast brace for 10
weeks. The tibial inclination angle of this patient was
measured as 10°, the decrease in the patellar tendon
height as %16, the Lysholm-Gillquist score as 75 and
the patient satisfaction score as 6 at the last assessment.
Both of these patients were excluded from the statisti-
cal evaluation because of negative effect of complicati-
ons on patient satisfaction scores.

Superficial wound infection was observed in one
patient and was manged with local wound care and pa-
renteral antibiotic therapy. The tibial inclination angle
of this patient was measured as 11°, the decrease in the
patellar tendon height as %17, the Lysholm-Gillquist
score as 79 and the patient satisfaction score as 8 at the
last assessment. Peroneal nerve palsy, compartment
syndrome, intraarticular migration of the osteosynthe-
sis materials, deep venous thrombosis and deep infec-
tion were not observed in this study.

Discussion

Eighty to ninety percent of survival rates for high
tibial osteotomy for the first five postoperative years
are reported, however, this high survival rates have
been reported to drop in the following years. !-2>:23]

Clinical results are reported to be related to the
postoperative time, age of the patient, the amount
of preoperative varus deformity, preoperative knee
flexion, body weight, history of previous menissec-
tomy, the amount of postoperative axial corrrecti-
on and presence of lateral tibial migration.!23-2¢1 A
slight postoperative overcorrection was suggested
for good long term functional results.>>!?' Herni-
gou et al.”! reported that knees with 3°-6° postope-
rative valgus had very good functional results with
improvement in medial compartment gonarthrosis,
however, they have also observed that the functi-
onal results worsened if the knees had less than 3
degrees of valgus. Coventry et al ™ reported that
only %63 of satisfactory results would be expec-
ted in knees with neutral or varus mechanical axis,
but satisfactory results would increase up to %94
if the knees were 4°to 6° valgus. A postoperative
angle of 168°-172° was planned in this study. None
of the patients had undercorrection and no statis-
tically significant correlation was observed with
the overcorrection observed in two patients and the
functional results.

Several studies which evaluates the effect of
HTO on tibial inclination angle have noticed the
importance of tibial inclination angle on knee sta-
bility.?”»! Kaper et al *” concluded that an increa-
se in tibial inclination angle would result in poste-
rior translation of femur on tibia. An increase of 10
degrees in the angle would cause a 6 mm of tibial
translation, which would also cause an increase in
severity of arthrosis compromising the future to-
tal knee arthroplasty operations by causing a tibial
bone defect.”” The average amount of increase in
tibial inclination was 2.9° in this study. Scuderi et
al " found a postoperative decrease in tibial inc-
lination in %89 of their patients following HTO.
Tigani et al Y reported they had observed more
shortening of patellar tendon in patients with open-
wedge HTO compared to patients with closing-
wedge HTO. Kesmezacar et al ** found an average
loss of %9.1 of the patellar height in their series.
Wright et al ®3 reported a loss of %28 of patellar
height in patients who had undergone open-wedge
HTO and concluded that it would later cause pa-
tellofemoral problems and technical problems in
future total knee arthroplasty operations. A %15 of
shortening in the patellar tendon was observed in
this study. Patellofemoral pain was not observed.
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We also think that shortening of the patellar tendon
may compromise our future total knee arthroplasty
operations.

Nonunion was reported in %0-4.7 in several stu-
dies.* Miniaci et al ¥ concluded that an intact
lateral cortex would both increase the stability of
the osteotomy and decrease the rate of nonunion.
Hernigou et al P! observed intraoperative fracture
of the lateral cortex in %22.5 of the patients, but
they reported that displacement of the fragments
was observed only in half of these patients. No-
nunion was observed in only one (%5.6) patient in
this study. Re-evaluation of the radiographs of this
patient revealed an iatrogenic intraoperative frac-
ture of the lateral cortex which would be respon-
sible of instability and nonunion.

Use of distractors and an osteotomy close to the
joint line were thought to be responsible for intrar-
ticular fracture of the lateral tibial plateau.'” The
incidence of intrarticular fracture was reported as
%5-14.6 in several studies.”*®! Esenkaya '* repor-
ted a %7.5 of intrarticular fracture in 40 patients,
and Bombaci et al " reported a %4.5 in their seri-
es of 22 patients. One patient with an intrarticular
fracture had a poor functional result at the last as-
sessment in this study.

Billings et al ®”! emphasized the importance of
wide soft tissue dissection on risk of deep infecti-
on. Tokgozoglu et al P reported five pin track in-
fections, one septic arthritis, one subacut osteom-
yelitis in 16 patients managed with Charnley type
external fixator. No deep infection was observed
in this study. One patient with superficial wound
infection healed with local wound care and paren-
teral antibiotics.

Following open-wedge HTO, use of autogenous
iliac bone graft or bone substitutes had been pro-
posed. 563 Spahn B reported that bone grafting
would be unnecessary in corrections less than 12
degrees. Esenkaya ! reported that he had used
both bicortical and tricortical autogenous iliac
bone graft as well as allografts, but that he lately
preferred bicortical grafts. Autogenous iliac bone
graft was used in all patients in this study. Altho-
ugh postoperative pain was observed in the donor
graft site, it resolved spontaneously in the follo-
wing few days. Hematoma or infection at the donor

site was not observed.

Sprenger and Doerzbacher*! concluded that pe-
roneal nevre palsy was the main reason for patient
dissatisfaction in the long term following HTO.
The main advantage of open-wedge HTO is that
fibular osteotomy is unnecessary with no risk of
fibular paralysis.>## Hernigou et al ! reported
only one temporary paralysis of peroneal nerve
which resolved spontaneously in their series of 93
patients who had undergone open-wedge HTO. Pe-
roneal nerve injury was not observed in this study.

Total knee arthroplasty might be necessary af-
ter HTO. Vainionpaa et al “? reported 16 (%15.5) of
the 103 patients who had undergone HTO needed a
total knee arthroplasty procedure in an average of
7.6 years. In Kaper et al % study, %23.9 of the pa-
tients needed a TKA. None of the five patients with
the longest follow up (range 70-96 months) needed
a TKA in this study.

In conclusion, we have observed a shortening of
patellar tendon following open-wedge HTO in this
study; however, no statistically significant effect of
this anatomical change on patient satisfaction sco-
res was found. An increase in tibial inclination ang-
le following open-wedge HTO was also observed
and this increase had a negative effect on patient
satisfaction. A statistically significant correlation
was found between the Lysholm-Gillquist scores
and patient satisfaction scores. Although we have
not performed any TKA in our patients, we believe
that patellar tendon shortening may cause technical
problems in the future arthroplasty operations.
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