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Long-term outcome of hamstring
lengthening versus transfer and

the role of biceps femoris lengthening
in patients with spastic diplegia and
dynamic knee flexion in gait

Patrick Do, Jing Feng', and Michael D Sussman?

Abstract

Background: Orthopedic treatment of flexed-knee gait consists of hamstring lengthening along with surgery at other
levels. Transfer of the semitendinosus (hamstring transfer) was introduced to avoid increase of anterior pelvic tilt as well
as reduce risk of recurrence.

Methods: We retrospectively assessed children with spastic cerebral palsy and flexed-knee gait pre-operatively, | year
post-operatively, and at a minimum of 7 years post-operatively.

Results: The 39 patients were a mean 9.4 = 3.4 years at the time of surgery, 20 subjects underwent hamstring transfer,
and 19 subjects had hamstring lengthening with mean follow-up 9.1 years. Passive range of motion improved initially, but
regressed at long term. Dynamic minimum knee flexion in stance decreased in both groups at the first post-operative
study, and was maintained at final follow-up in 64-67% of patients. There was a small increase in anterior pelvic tilt at
the |-year follow-up which subsequently decreased to less than pre-operative in the hamstring lengthening group but
remained mildly increased (5°) in the hamstring transfer group at final follow-up. Success in correcting stance knee
flexion of the entire group was 69% of the Gross Motor Function Classification System grades | and Il and 60% of the
Gross Motor Function Classification System grade Il subjects. Gait profile Score and sagittal knee Gait Variable Score
both showed clinically important improvement after surgery and was mostly maintained long term for both groups.
Lateral hamstring lengthening was beneficial in more severe patients, with minimal risk of adverse effects.
Conclusion: Hamstring surgery as part of single event multi-level surgery (SEMLYS) is effective in correcting flexed-knee
gait in 60%—70% of patients with minimal effect on anterior pelvic tilt. There was no added advantage to hamstring
transfer. Biceps Femoris lengthening may be beneficial and without significant additional risk.

Level of evidence: level |Il.

Keywords: Spastic diplegia, cerebral palsy, hamstring lengthening, semitendinosus transfer, biceps femoris lengthening

visually and quantitated during walking with three-dimen-
sional computerized motion analysis.

Treatments for excessive knee flexion may include
physiotherapy, orthotics, injection of botulinum toxin into

Background

One of the most common gait abnormalities in children
with cerebral palsy (CP) is excessive knee flexion during
the stance phase of gait.! Dysphasic hamstring activity
during mid-stance, a time where the hamstrings are inac-

tive during normal gait, may be the most common initial
cause of flexed-knee gait, and, along with other factors,
contributes to the persistence and progression of flexed-
knee gait. Walking in excessive knee flexion requires
increased energy, places increased pressure on the knee
articular surfaces, and is cosmetically unappealing. Gait
deviations in the lower extremity joints can be observed
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the hamstring muscle bellies, or surgery to the hamstring
tendons,>” as well as distal femoral anterior hemiepiphys-
iodesis or distal femoral extension and shortening osteot-
omy, and frequently is associated with surgery at the
adjacent joints that may contribute to the dynamic defor-
mity. Tendon surgery involves lengthening or release of
the hamstring tendons, thereby allowing these taut mus-
cles, which have been overpowering their antagonists, to
assume a shorter resting length which will weaken them as
well as reduce the spasticity therein.>® Although ham-
string surgery has been the standard for many decades and
has been shown to improve knee extension in the short
term, long-term studies, particularly in patients who have
reached skeletal maturity, are limited.

In addition to flexing the knee, some of the hamstring
muscles also contribute to hip extension, so there has been
a concern that this important function will also be weak-
ened when the hamstring tendons are elongated, leading to
hip extensor weakness and increased anterior pelvic tilt. In
order to minimize this consequence, Ma et al.’ introduced
the semitendinosus transfer to eliminate the semitendino-
sus as a knee flexor but preserve its hip extension function
and reduce risk of recurrence by transferring the distal
attachment of the semitendinosus above the knee. We have
reported that significant correction of excessive knee flex-
ion in gait may be gained with both hamstring lengthening
(HSL) and hamstring transfer (HST) at the 1- and 4.4-year
follow-up.®'? Although this is useful information, it will
be more beneficial to have a longer-term follow-up to
determine if the corrections were maintained past skeletal
maturity. The purposes of this study are to assess the long-
term (7—14years) outcomes of lengthening of the medial
hamstrings with or without biceps femoris lengthening
(HSL) and compare this to lengthening of the semimem-
branosus plus transfer of the semitendinosus and gracilis to
a site proximal to the knee joint (HST), as well to assess
the risks and benefits of the addition of lengthening of the
biceps femoris.

Materials and methods

A retrospective review was conducted on all patients who
had initial gait studies performed between April 1993 and
November 2019 prior to having either HSL or HST in our
institution, and at least a 1-year post-operative study. All
surgical patients in our institution were offered pre-op as
well as routine follow-up studies at no cost to them. In
general, HSL was performed prior to 2004, while HST,
including gracilis to reduce risk of recurrence, was intro-
duced in 2004 and became the standard procedure by most
surgeons at our hospital, based on the theoretical benefits
of this modification. Surgical technique and post-operative
management were similar to our previous studies.
Subjects were excluded from this study if they had
selective dorsal rhizotomy or significant extrapyramidal

involvement, and most had concomitant lower extremity
surgeries as part of a single event multi-level surgery
(SEMLS) approach, or had undergone prior surgery.

Thirty-nine children (29 males and 10 females) with
bilateral spastic CP underwent a pre-operative gait study
(pre-op), a follow-up study approximately 1year post-
operative (post-op), and a long-term study at a minimum
of 7years post-operative (long-term). Long-term studies
were either done routinely as part of ongoing care (29
subjects) or collected from subjects meeting the qualify-
ing timeline who were invited to return, with compensa-
tion for travel expenses (10 subjects). Shriners/Western
Institutional Review Board (WIRB) approved the project
POR1904, and all subjects returning at our request signed
informed consent.

Subjects in failure rate analysis only

In addition to the 39 subjects with long-term studies,
there were 10 subjects (5 in HST & HSL) who had pre-
operative studies and 1year post-operative studies, but
then had recurrence of flexed-knee gait, and underwent
subsequent femoral extension osteotomy or hamstring
revision surgery. These 10 subjects were excluded from
the comparison of HST versus HSL and evaluation of
biceps femoris lengthening, but were included in the
overall failure analysis of hamstring surgery. Figure 1
shows the subject selection flow chart.

Data collection

Data collection included age, gender, and Gross Motor
Function Classification System (GMFCS) level, age at sur-
gery, physical exam, and three-dimensional (3D) computer-
ized gait analysis. Methods used for physical examination,
3D gait analysis, surgical techniques, and rehabilitation and
orthotic protocols were as previously reported.!? Operative
notes from all surgeries were analyzed.

Statistical analysis

All statistical analyses of the data were done only for the
right leg unless only the left leg had hamstring surgery (in
patients with asymmetric diplegia) to meet the statistical
requirement for independence.!!

Two-way mixed analysis of variance (ANOVA) was
used to detect differences between the HSL and HST
groups. There were two independent variables: (1) the
between subject variable was surgery, which had two lev-
els (HSL or HST) and (2) the within subject variable
was time (pre-op, post-op, and long-term). The dependent
variables were the physical examination and kinematic
measures.

For each group (HSL or HST), a one-way repeated
measures ANOVA was used to detect differences in the
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Figure |. Subject selection flow chart.

range of movement (ROM) or kinematics variables repeat-
edly measured in the same subjects at pre-op, post-op, and
long-term. The independent variable was time (pre-op,
post-op, and long-term). The dependent variables were
the ROM and kinematics variables. The significace levels
were set at 0.05.

The gait profile score (GPS)!'? and gait variable score
(GVS)'? were calculated for each subject, and minimal
clinical important difference (MCID)'3 was used to deter-
mine whether there was a clinically significant difference.
The MCID for the GPS score is 1.6°, which is the mean
difference between adjacent levels of the Gillette Functional
Assessment Questionnaire (FAQ) walking scale.!* We also
calculated the sagittal knee GVS from the GPS.'>!* The
MCID for sagittal knee GVS is 3.4°.1%14

Results

In the initial survey, we found 39 subjects with pre-op and
1 year post-op studies, of whom 29 had 7 years, or longer,
follow-up study (long-term). An additional 10 patients
who had not had a 7-year follow-up were recruited for a
final study making a total of 39 patients. A total of 28 sub-
jects had biceps femoris fractional lengthening in addition
to the medial hamstring surgery due to patient indications
and surgeon preference.

Comparison of HSL and HST

The 39 children included for the comparison of HST to
HSL, ranged in age from 4 to 19years old (mean=9.4*+3.4
years) at the time of surgery, and from 18 to 28years
(mean=18.4 = 3.6years) at final follow-up. There were 20
subjects in the HST group and 19 subjects in the HSL

Table |. Subject characteristics.

HSL HST
(n=19) (n=20)
Gender
Male 16 13
Female 3 7
Age at surgery (years) 94+38 9.4+3.0
First follow-up time from 1.2+0.3 1.3+0.5
surgery (years)
Long-term follow-up time 9.1 =19 93*22
from surgery (years)
GMFCS level
I 6 4
I 6 10
1 7 6

HSL: hamstring lengthening; HST: hamstring transfer; GMFCS: Gross
Motor Function Classification System.

group. The average long-term follow-up from pre-op to
final assessment was 9.1 £ 1.9years for the HSL group
and 9.3 = 2.2 years for the HST group. A detailed descrip-
tion of the subjects is shown in Table 1.

There were 9 subjects at GMFCS level 1 (23.1%), 15
subjects at level 11 (38.5%), and 15 subjects at level 111
(38.5%). Most subjects had concomitant multilevel surgi-
cal interventions (Table 2), and five had prior adductor
lengthening and three had prior iliopsoas lengthening.

The results of the two-way mixed ANOVA which com-
pares HSL to HST (Table 3 and Figure 2) showed that the
only outcome difference between HSL and HST was ante-
rior pelvic tilt, which was increased slightly over baseline
by 5° at long term in HST, and was unchanged in HSL.
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The results of one-way repeated measures ANOVA for
each group are seen in Tables 4 and 5 and Figures 3—6.
Passive knee extension was improved at post-op in both
groups and at long-term only for the HST group, and final
absolute contracture was small (<2°) for both groups.
Straight leg raise and popliteal angle showed initial
improvement at 1 year but returned close to pre-op values
at the final follow-up for both groups. Static exam of dor-
siflexion was unchanged for all conditions at both time
points.

As far as kinematics (Tables 4 and 5 and Figures 3-0),
anterior pelvic tilt increased by about 6° in both groups at
lyear post-op, but subsequently decreased to less than

Table 2. Concomitant surgeries.

Concomitant procedure Number

Rectus femoris transfer/transposition 12
Adductor lengthening Il
Gastroc lengthening (Strayer) 3
Psoas lengthening

Achilles tendon lengthening
Derotational osteotomy of the femur
Posterior tibialis lengthening

Subtalar fusion

Derotational osteotomy of the tibia
Total number of concomitant procedures 47
Total number of patients with concomitant 31
procedures

A DN — WD

Table 3. Results of the two-way mixed ANOVA.

pre-operative in the HSL group but remained mildly
increased (by 5°) in the HST group at final follow-up.
Minimum hip flexion (indicating no deficit in hip exten-
sion) and peak dorsiflexion in stance did not show statisti-
cally significant change after surgery for both groups.

Most importantly, mean dynamic minimum knee flex-
ion in stance decreased significantly in both groups at the
first post-operative study, and this was maintained at final
follow-up (Tables 4 and 5 and Figures 3—6). Ten of the
39 subjects had knee recurvatum at 1year post-op, but
only 2 of the 10 still had recurvatum (—2.2° and —8.2°) at
long-term follow-up.

GPS and sagittal knee GVS both showed clinically
important improvement after surgery and was mostly
maintained long term for both groups (Table 6). The
change in GPS after surgery correlates with one level
increase on the FAQ and was maintained long term for
both groups (Table 6).

Overall outcome of hamstring surgery

In addition to the 39 subjects who were analyzed to com-
pare HSL with HST, there were five HSL subjects and five
HST subjects who had been excluded from this analysis
because they had either hamstring revision surgery or dis-
tal femoral extension osteotomy (DFEO) before a 7-year
period. These subjects were included along with the others
for analysis of overall outcome of hamstring surgery and
had a mean popliteal angle of 53.5° = 10.6° and an average
minimum knee flexion of 27.6°+9.5° in stance before

Test of within-subjects effects

Pairwise comparisons of time with
Bonferroni’s adjustment

Time x surgery Time
Pre-op vs Pre-op vs Post-op vs

F(2,74) Significance  F(2,74) Significance Post-op long-term long-term
Physical exam
Knee extension 0.09 0913 17.9 <0.001 <0.001 0.003 0.199
Straight leg raise .14 0.325 14.4 <0.001 0.004 0.199 <0.001
Popliteal angle |.84 0.167 20.7 <0.001 <0.001 1.000 <0.001
Dorsiflexion with knee flexed 1.92 0.153 3.53 0.034 0.026 1.000 0.125
Dorsiflexion with knee extended 041 0.667 1.75 0.181 0.458 1.000 0.132
Kinematics
Average pelvic tilt 5.12 0.008 15.4 <0.001 <0.001 0.219 0.005
Minimum hip flexion in stance 2.68 0.075 0.421 0.658 1.000 1.000 1.000
Minimum knee flexion in stance 0.26 0.769 43.5 <0.001 <0.001 <0.001 0.03
Peak dorsiflexion in stance |.85 0.165 0.51 0.602 1.000 1.000 1.000

ANOVA: analysis of variance; pre-op: pre-operative; post-op: | year post-operative; long-term: long-term study at a minimum of 7 years post-

operative.

The between subject variable is surgery (HSL or HST); the within subject variable is time (pre-op, post-op, and long-term). The dependent variables
are the ROM and kinematics variables. Significant level is set at 0.05.
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Figure 2. Profile plots for the ROM and kinematics variables repeatedly measured for the HSL group (blue) and HST group
(green). The horizontal axis is time (1. pre-op, 2. post-op, and 3. long-term). The vertical axis is estimated marginal means (unit:
degree): (a) knee extension, (b) straight leg raise, (c) popliteal angle, (d) dorsiflexion with knee flexed, (e) dorsiflexion with knee
extended, (f) pelvic tilt, (g) minimum hip flexion, (h) minimum knee flexion, and (i) peak dorsiflexion.

their second hamstring surgery or subsequent DFEO sur-
gery. None of these subjects had Achilles tendon lengthen-
ing (Zone 3), and only two subjects had lengthening in
Zone 1 or 2. In addition to these failures who underwent
repeat knee surgery, three HSL subjects and four HST sub-
jects had increased knee flexion in mid-stance at the

long-term study compared to pre-operative values (Table 7).
These patients had a mean knee flexion of 10.5° pre-op,
which increased to 16.4° at final follow-up. This was not
due to excessive second rocker dorsiflexion (i.e. crouch)
since the failures do not show a statically significant
increase of second rocker at their final study (p=0.30)
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Table 4. Results of repeated measures ANOVA for the HSL group.

Mean * standard deviation

Test of within- Pairwise comparisons with
subjects effects Bonferroni’s adjustment

Pre-opvs Pre-opvs Post-op vs

Pre-op Post-op Long-term  F(2,36) Significance post-op long-term  long-term
Physical exam
Knee extension -6.6+78 12+£72 -16%85 7.3 0.002 0.002 0.144 0.560
Straight leg raise 600+75 679=*11.3 553+82 14.5 <0.001 0.013 0.113 <0.001
Popliteal angle 526152 376*99 547140 137 <0.001 <0.001 1.000 <0.001
Dorsiflexion with knee 92+90 150=*11.7 7.1*98 4.1 0.026 0.085 1.000 0.065
flexed
Dorsiflexion with knee 09*+89 45+80 -03*x72 2.3 0.119 0.226 1.000 0.230
extended
Kinematics
Average pelvic tilt 20.1 7.1 264*=67 187*38 10.6 <0.001 0.008 1.000 0.003
Minimum hip flexion in 9.7+85 80+94 54x70 1.8 0.178 1.000 0.210 0.519
stance
Minimum knee flexion in 227*+107 47*+108 98=*106 198 <0.001 <0.001 <0.001 0.374
stance
Peak dorsiflexion in stance 49+144 96*77 95+82 1.6 0.223 0416 0.674 0416

ANOVA: analysis of variance; HSL: hamstring lengthening; pre-op: pre-operative; post-op: | year post-operative; long-term: long-term study at a

minimum of 7 years post-operative.
The within-subjects variable is time (pre-op, post-op, and long-term). The de|
The significant level is set at 0.05.

pendent variables are the ROM and kinematics variables (units: degree).

Table 5. Results of repeated measures ANOVA for the HST group.

Mean = standard deviation

Test of within- Pairwise comparisons with
subjects effects Bonferroni’s adjustment

Pre-op vs Pre-op vs Post-op vs

Pre-op Post-op Long-term F(2,36) Significance post-op long-term long-term
Physical exam
Knee extension -5.0x73 20*+47 03*+47 11.8 <0.001 <0.001 0.014 0.604
Straight leg raise 585+88 663*+55 568+77 33 0.050 0.269 1.000 0.086
Popliteal angle 563115 443=*=11.0 525%*120 79 0.001 0.005  0.644 0.045
Dorsiflexion with knee 85*+123 120114 11.5x10.1 1.1 0.355 0446  0.958 1.000
flexed
Dorsiflexion with knee 28*+127 45=*87 3068 0.2 0.786 1.000 1.000 1.000
extended
Kinematics
Average pelvic tilt 16057 227%57 214%79 9.7 <0.001 <0.001 0.004 1.000
Minimum hip flexion in 7080 63111 9.0x=86 1.1 0.336 1.000  0.898 0.617
stance

Minimum knee flexion in 239+ 124 29+97 10.1 = 10.
stance

Peak dorsiflexion in stance 11.8£12.3 9.6 64 11.0x7.1

2 239 <0.001 <0.001 0.001 0.113

0.5 0.622 1.000 1.000 1.000

ANOVA: analysis of variance; HSL: hamstring lengthening; pre-op: pre-operative; post-op: | year post-operative; long-term: long-term study at a

minimum of 7 years post-operative.

The within-subjects variable is time (pre-op, post-op, and long-term). The dependent variables are the ROM and kinematic variables (units: degree).

The significant level is set at 0.05.

(Table 7). These 17 subjects (10 with revision surgery at
the knee before long-term follow-up and 7 with higher
dynamic knee extension values than pre-op values) were
classified as failures. Thus, in the total group of 49 patients

who underwent hamstring surgery, there were 32/49
(65.3%) subjects who had successful outcomes, and 17/49
(34.6%) subjects who were failures. The success rate by
GMFCS levels were 9/13 (69.2%) of the GMFCS I
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Figure 3. Pre-op, | year post-op, and long-term follow-up range of motion measurements for the HSL group.
*Indicates p <0.05 compared with the pre-op values (repeated measures ANOVA, pairwise comparisons with Bonferroni’s adjustment).

subjects, 11/16 (68.8%) of the GMFCS II subjects, and
12/20 (60.0%) of the GMFCS 111 subjects.

We also assessed the role of the addition of biceps fem-
oris intramuscular lengthening to the medial hamstring
surgery, and since the outcomes of the HSL and HST
groups were similar regarding correction of dynamic knee
flexion, we grouped them together for this analysis. There
were 11 patients who had medial hamstring surgery only
(M), and 28 patients who had M plus lateral hamstring
intramuscular lengthening (M +L). At final follow-up,
correction of knee flexion contracture and popliteal angle
were slightly greater in the M + L group, while dynamic
maximum hip extension was better in the M+ L after
being more limited in the pre-op study. Pelvic tilt was sim-
ilar to the pre-op level in both groups (increased by only
2.8° over baseline in the M + L group), and of greatest
interest, the M group had 39% correction of stance knee
flexion as compared to 62% correction in the M + L group.
With regard to dynamic stance knee hyperextension, we
found in the 1-year study, there were six patients with knee
extension >5° in the M + L, and three in the M group, but
all resolved except one in the M + L group of 8.2° at the
final follow-up.

Discussion

Hamstring tightness or over-activity in ambulatory chil-
dren with spastic diplegic CP is probably the initiating

factor in the development of flexed-knee gait, particularly
in children with competent calf muscle function, although
other factors such as decreased hip extension and
decreased ground reaction force at the ankle (leading to
crouch) are likely contributors to the perpetuation and
increase of knee flexion over time. Lengthening of the
hamstrings is widely considered to be the standard surgi-
cal procedure for the correction of increased knee flexion,
along with orthotics, and surgery at other joints as part of
an SEMLS approach,>>7!> Mid-term surgical outcomes
of 3—5years post-surgery have shown that the majority of
children with CP benefit from hamstring lengthening or
transfer surgeries.'®!” However, there are only a limited
number of studies assessing the long-term outcome of ham-
string surgeries, and the results are mixed.'®!® This study
addressed the following three main outcome parameters as:

1. The overall success of hamstring surgery in spastic
diplegia.

2. The role of hamstring lengthening alone as com-
pared to the addition of semitendinosus and graci-
lis transfer proximal to the knee joint along with
hamstring lengthening.

3. The effect of including the biceps femoris in the
lengthening procedure.

In terms of the first issue, the overall efficacy of ham-
string surgery, this study of 49 original subjects, showed
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*Indicates p < 0.05 compared with the pre-op values (repeated measures ANOVA, pairwise comparisons with Bonferroni’s adjustment).
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*Indicates p <0.05 compared with the pre-op values (repeated measures ANOVA, pairwise comparisons with Bonferroni’s adjustment).

Table 6. Pre-operative (pre-op), | year post-operative (post-op), and long-term follow-up (long-term) measurements (unit:

degree) for the HSL and the HST groups.

HSL (n=19) HST (n=20)

Pre-op Post-op Change Long-term Change Pre-op Post-op Change Long-term  Change
GPS 16.5 14.1 2.4 12.0 45 13.9 1.0 2.9 11.8 2.0
Sagittal knee GVS  22.5 14.2 83 132 9.3 22,6 13.1 9.5 14.6 8.0

HSL: hamstring lengthening; HST: transfer of the semitendinosus; GPS: gait profile score; GVS: gait variable score; pre-op: pre-operative; post-op:
| year post-operative; long-term: long-term study at a minimum of 7 years post-operative.
Changes compared with pre-operative values are presented. The minimal clinical important difference for GPS and GVS are 1.6° and 3.4°,

respectively.

improvement in passive and dynamic measures at the sag-
ittal plane knee at 1year post-op, and most importantly,
improvement in dynamic knee extension in stance, which
was maintained in 60%—-70% of patients over a long-term
follow-up period (7—15years), although there was return
to baseline of many of the passive measures. The findings
are consistent with the study published by Ounpuu et al.'®
and Morais Filho et al.? who reported slight decrease in
dynamic knee extension at the long-term follow-up com-
pared to values measured at 1year post-op, but they felt

this could be due to natural progression of gait in children
with CP which has been shown to decline over time.

It should be noted that our patient group had relatively
small mean knee flexion contracture pre-operatively of
7° = 8° but mean dynamic knee flexion in gait of 23° = 12°
prior to surgery. Thus, we did not wait for more severe
knee flexion contracture to develop to do corrective sur-
gery, as did other groups reporting their outcomes,'*?! but
intervened early to treat the dynamic deformity. We think
an important concept in the treatment of children with
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Table 7. Results of repeated measures ANOVA for the seven subjects who had increased knee flexion in stance at long-term

follow-up from pre-operative values.

Mean =+ standard deviation

Test of within-
subjects effects

Pairwise comparisons with
Bonferroni’s adjustment

Pre-op vs Pre-op vs  Post-op vs

Pre-op Post-op Long-term  F(2,10) Significance post-op  long-term long-term
Physical exam
Knee extension -2.1 £64 29+49 -35%x9.0 22 0.163 0.098 1.000 0.392
Straight leg raise 59.3+89 67.149 48.6=*69 14.7 0.001 0.124 0.212 0.002
Popliteal angle 529+ 115 393*113 664160 119 0.002 0.262 0.053 0.020
Dorsiflexion with knee 100135 79x185 86=*13.1 0.15 0.863 1.000 1.000 1.000
flexed
Dorsiflexion with knee 29*7.0 14+128 -2.1*8.1 1.5 0.271 1.000 0.677 0.473
extended
Kinematics
Average pelvic tilt 186+85 28.1+83 194+59 5.6 0.023 0.039 1.000 0.082
Minimum hip flexion in 1.7+6.9 4.1x79 9.8+6.2 4.7 0.035 1.000 0.107 0.207
stance
Minimum knee flexion in 10568 -59*+88 164+x9.1 18.3 <0.001 0.031 0.019 0.020
stance
Peak dorsiflexion in stance 18*x148 72*+97 47*95 0.6 0.571 1.000 1.000 1.000

pre-op: pre-operative; post-op: | year post-operative; long-term: long-term study at a minimum of 7 years post-operative.
The within-subjects variable is time (pre-op, post-op, and long-term). The dependent variables are the ROM and kinematic variables (units: degree).

The significant level is set at 0.05.

spastic diplegia is that we should treat dynamic deformities
when they manifest and not wait for contractures to
develop and worsen over time.

We found that in 69.2% of GMFCS I and 68.8% of
GMFCS II the dynamic gains in stance knee flexion found
at the 1year post-op study were sustained at the longer-
term follow-up, while only 60% of GMFCS III maintained
the improvements found at year post-op at the long-term
follow-up study. This indicates that GMFCS III patients
are at higher risk of recurrence over time.

The regression in popliteal angle and straight leg raise
at the final follow-up, following initial improvement at
lyear, is consistent with what others have previously
reported.'®? The disparity between passive range of
motion and dynamic knee kinematics at the long-term fol-
low-up showed that passive range of knee extension and
popliteal angle do not directly correlate with dynamic
function in the older and heavier patients.

Dreher et al.'® found a decline in dynamic knee exten-
sion in stance in many patients at long-term follow-up
which differed from the finding of Ounpuu et al.'® and the
findings of this study. The subjects in the study by Dreher
et al.! had considerably more concomitant surgery than
the subjects in this study, which may suggest the subjects
in their study were more severely involved, which may
explain the difference.

Regarding the second major issue, the comparison of
HSL with HST, we found no advantage of the more com-
plex and time-consuming approach of HST in comparison

to the simpler HSL. This study showed similar improve-
ment of knee extension in stance for both the HST and
HSL groups and no difference between groups at either
post-operative interval, similar to what has been reported
at 4.4years."" This is the first study evaluating HST sur-
gery at long-term follow-up (7—-15years), and the
improvements in HST are similar to HSL. A major con-
cern regarding HSL has been that it was erroneously
thought to result in an increase in anterior pelvic tilt, and
one of the theoretical advantages of HST was prevention
of this by retention of the semitendinosus as a hip exten-
sor. Although there was an initial increase in anterior pel-
vic tilt in both HSL and HST patients, despite many of
them having lateral as well as medial hamstrings length-
ening, there was a decrease in anterior pelvic tilt of 1.4° to
below pre-op levels at the final follow-up in the HSL
group, while the HST group showed a 5° increase over the
pre-op levels at final follow-up. Whether this 5° increase
is clinically significant is unknown. Wijesekera et al.??
similarly found no change in pelvic tilt following HSL
except in GMFCS 111 patients; however, this study did not
stratify anterior pelvic tilt changes by GMFCS levels. In a
recent study by Bell et al.,>! they showed patients who
underwent HST exhibited more improvement of passive
knee extension as well as dynamic knee extension in gait
than those who underwent HSL; however, HST was not
effective in preventing the increase of anterior pelvic tilt.

The change found in GPS at 1year post-op and long-
term follow-up shows that there was improvement this
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measure at 1 year post-op, and it was maintained at long-
term follow-up for both groups. These findings are similar
to the findings of a mid-term outcome study published by
Thomason et al.'¢ As far as we are aware, there has been no
long-term study examining GPS of subjects with primary
hamstring surgery.

There are little data, but much opinion, published on the
outcomes of adding biceps femoris lengthening in combi-
nation with lengthening of the medial hamstrings.?>?*
Excessive knee extension in mid-stance (recurvatum) has
been shown to be a complication following hamstring sur-
gery,” and there is concern that lengthening of the biceps
femoris may contribute to this, as well as increasing ante-
rior pelvic tilt. We cannot draw solid conclusions from our
data, since the groups were somewhat dissimilar due to the
surgeons choosing to address the lateral hamstrings in
more severe cases, so that the M + L group had more
severe involvement at baseline. We found that the addition
of biceps lengthening added no clinically significant
increase in adverse outcomes including no significant
change in anterior pelvic tilt, no loss of hip extension in
early stance, and a greater proportional improvement in
stance knee flexion of 62% in M + L versus 39% of those
who had medial lengthening only. Regarding the risk of
genu recurvatum, there was only one patient who devel-
oped a recurvatum of >5° in the M + L group (8.2°). Thus,
we feel that consideration should be given to adding intra-
muscular lengthening of the biceps femoris for patients
with more severe involvement, and further study of this
issue is warranted.

Since all patients in our institution undergoing surgery
for dynamic gait abnormalities have pre-operative studies,
and are invited for routine follow-up studies at 1 year post
operative, this minimizes selection bias. Furthermore, this
study protocol included patients invited to return for the
long-term follow-up who had not received this study as
part of their routine clinical follow-up, so fewer subjects
were lost compared to other retrospective studies; thus,
this also minimized bias in subject selection. However,
there are still some limitations with this study. Some sub-
jects who were called to be in the study declined to partici-
pate in the long-term follow-up, but only one family
reported that their child was no longer ambulatory.

Long-term outcomes in the pediatric population are
important because continued growth and weight gain asso-
ciated with puberty may lessen the effect of initial benefits
of pre-pubescent surgery. This study helps pediatric ortho-
pedic surgeons choose between HSL and HST as well as
other interventions to treat flexed-knee gait in patients
with CP by presenting a longer follow-up assessment of
gait for both hamstring surgical interventions. Although
both were effective, there was no distinct advantage of
HST, which is a more time-consuming and complex proce-
dure as compared with traditional HSL. In addition, at the
long-term study, anterior pelvic tilt returned to below

pre-op values following HSL, while it remained increased
in the HST group. Furthermore, biceps femoris lengthen-
ing led to improved correction of more severely involved
subjects, with minimal increase in risk.

As an alternative to hamstring surgery, some surgeons
now advocate DFEO with or without patellar tendon
advancement as the primary procedure for treatment of
flexed-knee gait,?® although Erdal et al.?” have shown that,
while effective, this procedure is more complex and may
lead to an increase in pelvic tilt, especially when patellar
tendon advancement is included, and also has a risk of
neurological injury.?® Another approach for the skeletally
immature patient is anterior distal femoral hemiepiphysio-
desis with or without patellar tendon shortening for which
positive short-term outcomes have been reported, but this
procedure does not address hamstring spasticity, and is
only recommended for those with moderate knee flexion
contracture.?

Our findings show that both HSL and HST result in a
high degree of long-term control of flexed-knee gait.
Attention must be paid to adjacent joint dysfunction which
will contribute to dynamic increased stance phase knee
flexion, such as decreased hip extension in late stance due
to excessive hip flexor activity or contracture which can be
treated by iliopsoas lengthening or release, as well as at the
ankle, where over-lengthening of the triceps surac may
lead to development of a crouch pattern. We have avoided
Achilles lengthening and thereby avoided crouch gait by
maintaining the plantar flexion-knee extension couple in
our patient population, thus supporting other data showing
the importance of avoiding this procedure in spastic diple-
gic patients.?’ We found no major long-term problems with
knee recurvatum, as has also been demonstrated by
Vuillermin et al.?° At our institution, we emphasized the
importance of post-op rehabilitation in our patients follow-
ing hamstring surgery, with attention to controlling the
foot and ankle in either well-molded below knee casts or
ankle foot orthoses (AFOs) to maintain a proper shank-
floor angle both in the post-operative period, as well as
long-term use of AFOs, as needed.

Conclusion

These findings may have an impact on future surgical
decision-making in pediatric spastic diplegic CP patients,
and lead to more satisfactory long-term outcomes. The
long-term findings of this study demonstrate that HSL sur-
gery is an important part of the surgical treatment program
to treat dynamic knee flexion and improve gait for children
with spastic diplegia. The fact that we did not wait for knee
flexion contracture to develop but treated dynamic defor-
mity before contractures could develop, likely contributed
to the successful outcome at a mean of 9.2 years following
surgery. Recurrence rates in this study population increased
as GMFCS level increased with the correction being



440

Journal of Children’s Orthopaedics 16(6)

maintained in 70% of the GMFCS I and II patients, and
60% of GMFCS III patients. Furthermore, we found no
advantage of HST over the simpler HSL, and surprisingly,
we found better control of anterior pelvic tilt with HSL
than with HST; therefore, we see no advantage of HST
over HSL. We also found that addition of biceps femoris
lengthening in selected patients can provide increased cor-
rection with little risk of knee recurvatum.
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