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o ABSTRACT

Background: Knee pain associated with osteoarthritis and other mechanical knee disorders is frequently accompanied by pain, stiffness, and restricted range of
motion. Joint mobilization is commonly used as an adjunct to exercise, although direct comparisons of Maitland and Kaltenborn grading approaches remain
limited.

@ *Corresponding Author: Dr Rafia Imtiaz, Lecturer, College of Physical Therapy, Government College University Faisalabad

Objective: To compare Maitland Grade II and III mobilization with Kaltenborn Grade I and II mobilization for reducing resting knee pain and improving active
knee flexion and extension range of motion.

Methods: This randomized parallel-group clinical trial analyzed 40 adults aged 30—60 years with chronic knee pain. Twenty participants received Maitland Grade
II and III mobilization plus exercise (Group A), and 20 received Kaltenborn Grade I and II mobilization plus the same exercise program (Group B). Treatment was
delivered three times weekly for four weeks (12 sessions). Resting pain was assessed using the Numeric Pain Rating Scale (NPRS), and active knee flexion and
extension were measured by goniometry at baseline and after four weeks.

Results: Baseline between-group differences were not significant for resting NPRS, knee flexion, or knee extension. At four weeks, resting pain was lower in
Group B than Group A (0.85+0.81 vs 1.65+1.03; p=0.010). Knee flexion was greater in Group B (117.90+3.97° vs 114.50+4.85°; p=0.020), and the flexion
improvement was larger in Group B (9.50£2.11° vs 7.55+1.63°; p=0.002). Post-treatment knee extension also differed between groups (1.80+2.52° vs 0.05+2.08°;
p=0.022), although the change in extension did not differ significantly (5.30+1.65° vs 4.80+1.67°; p=0.347).

Conclusion: Both treatment protocols were associated with reduced pain and improved knee range of motion over four weeks. Under the dosages used in this
trial, Kaltenborn Grade I and II mobilization combined with exercise produced lower post-treatment resting pain and a greater improvement in knee flexion than
Maitland Grade II and III mobilization combined with the same exercise program. The modest between-group differences and short follow-up warrant cautious
interpretation.

o Keywords Joint mobilization; Kaltenborn technique; Knee pain; Maitland technique; Numeric Pain Rating Scale; Randomized
clinical trial; Range of motion
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INTRODUCTION

Knee pain is a common musculoskeletal complaint and a major contributor to limitations in walking, stair negotiation, squatting, and
other weight-bearing activities. Knee osteoarthritis is particularly important because its prevalence rises with age and it contributes
substantially to disability worldwide (1,2). Pain, joint stiffness, loss of motion, muscle weakness, and reduced activity can interact to
produce progressive functional limitation. Contemporary conservative management of knee osteoarthritis emphasizes education,
exercise, weight management when appropriate, and individualized non-surgical care (3,4). Manual therapy is frequently
incorporated into physiotherapy programs to modulate pain and improve joint mobility. Clinical trials and systematic reviews
indicate that manual therapy can produce short-term improvements in pain and function, although the magnitude and durability of
benefit vary and the certainty of evidence is not uniformly high (5-9). Manual therapy is therefore best interpreted as an adjunct
within an active rehabilitation program rather than as a stand-alone intervention.

The Maitland concept uses rhythmic passive oscillations graded according to symptom irritability and resistance. Grade II consists of
relatively large-amplitude oscillations within the available range and is commonly used for pain modulation, whereas Grade I1I uses
large-amplitude oscillations into resistance to address stiffness. Recent randomized studies have demonstrated short-term
improvements in pain sensitivity and functional measures after end-range Maitland mobilization in knee osteoarthritis (10,11). The
Kaltenborn approach emphasizes traction and translational joint gliding based on joint play. Grade I traction applies a small
distraction force to reduce joint compression, whereas Grade II takes up slack in periarticular tissues without a sustained stretch. In
clinical practice, these grades are commonly used for pain-dominant or irritable presentations before stronger mobilization is
introduced. Evidence supporting manual therapy in patellofemoral and other mechanical knee pain also favors its use as part of a
multimodal program rather than in isolation (12,13).

Despite the widespread use of both systems, direct clinical comparisons of Maitland Grade II-III and Kaltenborn Grade I-II
mobilization for chronic knee pain are limited. Because the two approaches differ in movement pattern, loading strategy, and
treatment intent, a head-to-head comparison may help guide clinical selection. The present study therefore compared Maitland Grade
II and III with Kaltenborn Grade I and II mobilization, with both groups receiving the same exercise program, for effects on resting
pain and active knee range of motion over four weeks.

MATERIALS AND METHODS

Study design and setting

A randomized, parallel-group clinical trial was conducted in an outpatient physiotherapy department over a four-month period.
Participants were recruited using non-probability purposive sampling and then allocated to one of two intervention groups using
sealed opaque envelopes. The analyzed sample consisted of 40 participants, with 20 participants in each group.

Participants

Adults aged 30—60 years were eligible if they had unilateral or bilateral knee pain lasting more than three months, an NPRS pain
score of at least 4/10, a reduction in knee range of motion of more than 10° compared with the opposite side, and a clinical diagnosis
of non-specific knee pain or mild-to-moderate knee osteoarthritis (Kellgren—Lawrence grade 1-3). Exclusion criteria were knee
surgery within the preceding six months, ligamentous instability, fracture, tumor, rheumatoid arthritis, gout, neurological deficit, or
intra-articular injection during the preceding three months.

Interventions

Both groups attended three treatment sessions per week for four weeks, giving a total of 12 sessions. Group A received Maitland
Grade IT and III mobilization in addition to the common exercise program. After assessment of irritability and accessory movement,
Grade II oscillations were applied to the tibiofemoral joint in the mid-range for two sets of two minutes. Grade III oscillations were
then applied toward end range for two sets of two minutes to address stiffness. Anterior—posterior and medial-lateral glides were
selected according to the direction of restriction. Group B received Kaltenborn Grade I and II mobilization in addition to the same
exercise program. Grade I traction was applied for two sets of one minute for pain modulation. Grade II traction combined with glide
was applied for two sets of two minutes to take up slack and improve joint play in the direction of restriction. The common exercise
program included quadriceps sets and straight-leg raises (3 sets of 10 repetitions), hamstring and calf stretching (30 seconds, repeated
three times), 10 minutes of stationary cycling, and a home exercise program. Exercise is a core component of knee osteoarthritis
rehabilitation, and combining active rehabilitation with education or adjunctive manual therapy is consistent with contemporary
evidence (3,4,14,15).

Outcome measures

Resting knee pain was measured with the 0—10 Numeric Pain Rating Scale (NPRS), where 0 represents no pain and 10 represents the
worst pain. Numerical pain scales demonstrate high test—retest reliability for osteoarthritic knee pain and are suitable for repeated
clinical assessment (16). Active knee flexion and extension range of motion were measured in supine using goniometry and recorded
in degrees. Outcomes were assessed at baseline and after the four-week intervention period.
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Statistical analysis

Data were analyzed using SPSS version 26. Continuous variables are presented as meantstandard deviation (SD), and sex is
presented as frequency. The Shapiro—Wilk test was used to assess normality. Between-group differences in NPRS scores were
evaluated with the Mann—Whitney U test. Independent-samples t-tests were used for between-group comparisons of continuous
normally distributed variables and knee range-of-motion outcomes. Mean change scores for knee flexion and extension were
compared between groups using independent-samples t-tests. Sex distribution was compared using the Pearson chi-square test.
Statistical significance was set at p<0.05, and all p values were interpreted two-sided.

RESULTS

Forty participants were included in the analysis, with 20 participants in each treatment group. The demographic values reported for
age and body mass index (BMI) were similar between groups, and sex distribution did not differ significantly (Table 1). Baseline
resting pain, knee flexion, and knee extension were also comparable between groups.

Table 1. Baseline demographic characteristics of the participants

Group A | Group B
Characteristic Maitland + exercise | Kaltenborn 4 exercise | p value
(n=20) (n=20)
Age (years), mean+SD 34.90+7.32 36.85+6.69 0.385
Sex (male/female), n 4/16 6/14 0.465
BMI (kg/m?), mean+SD 25.41+£2.84 27.08+3.14 0.086

Age and BMI were compared with independent-samples t-tests; sex distribution was compared with the Pearson chi-square test.

Resting pain decreased in both groups over the treatment period. At baseline, there was no significant between-group difference in
NPRS (p=0.295). At four weeks, Group B had a lower resting NPRS score than Group A (0.85+0.81 vs 1.65+1.03; p=0.010),
indicating a greater reduction in pain under the Kaltenborn-based protocol (Table 2 and Figure 1).

Table 2. Between-group comparison of resting NPRS scores

Time point Group A | Group B | Group A | Group B 7 value value
P Mean+SD Mean+SD Mean rank Mean rank p

Baseline 4.25+1.06 3.95+1.14 22.35 18.65 -1.04 0.295

Week 4 1.65+1.03 0.85+0.81 24.90 16.10 -2.49 0.010

NPRS, Numeric Pain Rating Scale. Mann—Whitney U test.

Resting pain over 4 weeks

B Group A: Maitland + exercise
B Group B: Kaltenborn + exercise

NPRS score (0-10)

Baseline Week 4
Figure 1. Mean+SD resting NPRS scores at baseline and week 4.
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Active knee flexion increased in both groups. Baseline flexion was similar (p=0.352), whereas the week-4 mean was higher in Group
B (117.9043.97°) than Group A (114.50+4.85°; p=0.020). The mean increase in flexion was 9.504+2.11° in Group B and 7.55+1.63°
in Group A; the between-group difference in change favored Group B (p=0.002) (Table 3 and Figure 2).

Table 3. Active knee flexion range of motion

Measure 1(\;/[:(:111[:)I:SD * Sdizl;lisn ? | pvalue
Baseline flexion (°) 106.95+5.17 108.40+4.55 0.352
Week-4 flexion (°) 114.50+4.85 117.9043.97 0.020
Improvement from baseline (°) | 7.55+£1.63 9.50+£2.11 0.002

Independent-samples t-tests were used for between-group comparisons.
Active knee flexion over 4 weeks

120 -

100 A

80 -

60

Knee flexion (degrees)

40 1

20~

Baseline Week 4

Figure 2. Mean+SD active knee flexion at baseline and week 4.

Active knee extension improved in both groups. Baseline extension values did not differ significantly (p=0.133). At week 4, Group B
had a higher mean extension value than Group A (1.80+2.52° vs 0.05+2.08°; p=0.022). However, the mean improvement from
baseline was 5.30+1.65° in Group B and 4.80+1.67° in Group A, and this change-score difference was not statistically significant
(p=0.347). Accordingly, the data do not demonstrate a clear between-group advantage for extension improvement (Table 4 and
Figure 3).

Table 4. Active knee extension range of motion

AT MeanssD * | Meanzsp ® | pvalue
Baseline extension (°) —4.75+2.46 —3.50+2.68 0.133
Week-4 extension (°) 0.05+2.08 1.80+2.52 0.022
Improvement from baseline (°) | 4.80+1.67 5.30+1.65 0.347

Independent-samples t-tests were used for between-group comparisons.
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Figure 3. Mean£SD active knee extension at baseline and week 4.

DISCUSSION

This randomized clinical trial compared two commonly used joint-mobilization approaches delivered with the same exercise
program. The principal finding was that the Kaltenborn Grade I-II group had lower resting pain at four weeks and a larger gain in
knee flexion than the Maitland Grade II-III group. Both groups improved descriptively across pain and range-of-motion outcomes.
For knee extension, although the week-4 group means differed, the change from baseline did not differ significantly; therefore, a
treatment-specific advantage for extension cannot be concluded from these data. The improvement observed in both groups is
consistent with the broader literature supporting multimodal physiotherapy for knee osteoarthritis. Deyle et al. demonstrated
meaningful outcomes from a physical-therapy program incorporating manual therapy and exercise, while systematic reviews have
reported short-term improvements in pain, range of motion, and function with manual-therapy approaches (5-9). At the same time,
recent reviews emphasize heterogeneity in techniques and generally low-to-moderate certainty for many manual-therapy
comparisons, which supports cautious interpretation of small between-group differences (7-9).

Maitland mobilization remains biologically and clinically plausible for pain modulation and mobility restoration. Randomized trials
by Pozsgai and colleagues found immediate improvements in pain sensitivity and function-related measures after end-range Maitland
mobilization in knee osteoarthritis (10,11). Those studies compared Maitland mobilization with sham or different mobilization
intensities rather than with Kaltenborn mobilization. The present findings therefore do not contradict evidence that Maitland
mobilization can be effective; rather, they suggest that under the present four-week dosing protocol, Kaltenborn Grade I-II
mobilization combined with exercise produced somewhat better pain and flexion outcomes. The pain result should also be interpreted
clinically rather than only statistically. The week-4 between-group difference in NPRS was 0.80 points. In a psychometric study of
osteoarthritic knee pain, the minimum detectable change for the numerical rating scale was approximately 1.33 points (16). Thus,
although the post-treatment difference was statistically significant, its clinical magnitude may be modest. A similar caution applies to
range of motion because small angular differences may approach normal measurement variability in routine goniometry.

Exercise likely contributed importantly to improvement in both groups. Current guidelines identify exercise as a core intervention for
knee osteoarthritis, and systematic evidence supports combining active rehabilitation with education and, when clinically indicated,
adjunctive manual therapy (3,4,14,15). For patellofemoral pain, contemporary guidance likewise places exercise and education at the
center of treatment and considers manual therapy a supporting intervention tailored to the individual presentation (12,13). Direct
evidence comparing Maitland and Kaltenborn mobilization at the knee remains sparse. Other mobilization paradigms, such as
mobilisation with movement, have demonstrated sustained improvements when added to usual care in knee osteoarthritis (17). Future
comparative trials should use clearly defined diagnostic subgroups, concealed randomization, assessor blinding, standardized
treatment progression, functional outcome measures, adherence monitoring, and longer follow-up to determine whether one
mobilization strategy offers a clinically important advantage.

CONCLUSION

Maitland Grade II-1II and Kaltenborn Grade I-1I mobilization, each combined with the same exercise program, were associated with
reduced resting pain and improved knee range of motion over four weeks. The Kaltenborn group demonstrated lower post-treatment
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resting pain and a greater improvement in knee flexion. Although post-treatment extension values differed, the change in extension
was not significantly different between groups. These findings support the use of joint mobilization as an adjunct to exercise while
suggesting a possible short-term advantage of the Kaltenborn Grade I-II protocol for pain and flexion in this sample. The modest
effect magnitude and short follow-up should be considered when applying the results clinically.

LIMITATIONS

The study had a relatively small analyzed sample and was conducted in a single outpatient setting, limiting generalizability. The
four-week follow-up does not establish whether treatment effects were sustained. The inclusion of participants with non-specific
chronic knee pain as well as mild-to-moderate osteoarthritis increased clinical heterogeneity. Therapist and participant blinding is
difficult in manual-therapy trials and may introduce performance-related bias. Pain and range of motion were the principal outcomes,
so broader functional effects were not captured. Variability in adherence to the home exercise program could also have influenced
treatment response. Finally, the study used non-probability sampling before random allocation, which may limit representativeness of
the sample.

RECOMMENDATIONS

Future adequately powered randomized trials should compare standardized Maitland and Kaltenborn protocols in diagnostically
homogeneous knee-pain populations, incorporate validated functional outcomes such as WOMAC or KOOS, document adherence
and treatment fidelity, and include longer follow-up. Reporting of effect sizes and confidence intervals would further clarify whether
statistically significant differences are clinically meaningful.
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